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FromtheEditor

Withtheprogressoftechnology,theroleof

computershasbecomeincreasinglyimportant

nowadays.Itissaidthatpresentsocietycould

notexistwithoutcomputers.However,the

principleofthecomputeressentiallyhasnot

changedcomparedto40yearsagowhenme-

chanicalcomputingtechnologywasfirstac-

complished.Inaddition,theprincipleofthe

computerbasicallyincludedthedifficult

problemthatitisnotsuitedtolargevolume

informationprocessingasisrequiredtoday.

Theprincipleisderivedfromthebasicprin-

cipleofcomputerstoday,whichincludesthe

factthatprocessingproceduresmustbe

completelystoredascomputeroperaUonsln

advanceandthatoperationsareperformedon

asequentialbasis.

Conventionalcomputersarecalledvon

Neumanncomputers.Thenewtypesof

computers,basedonnewnon-vonNeumann

computerarchitecture,havenowbeenintro-

duced.Theyincludefifth-generationcom.

puterssuchasparallelprocessing/inference

machines,butinrecentyearsneuro-computers

havcattractedasubstantialamountofpublic

attentlon.

JIPDEConcedidbasicresearchonnewgen-

erationcomputersforaboutathreeyearperiod.

Whenwesubmittedtheresultsofthisresearch

tothegovernment,MITI(MinistryofInter-

nationalTradeandIndustry)reportedthatthe

themeofnewgenerationcomputerswasex-

tremelyimportantfortheadvancementof

Japan'sfutureinformationtechnologies.MITI

formedaspecialresearchanddevelopment

organizationcalledICOT(lnstituteforNew

GenerationComputerTechnology)andbegan

R&Datthisinstituteaslalarge-scalenational

project.Theprojectbeganin1982asaten-

yearplan,andhasnowentereditsfinalphase.

Wehavemanyexpectationsforthef伽re

advancementofresearchbasedontheresults

ICOThasachievedtodate.

Thehumanbrainhasabout14billionneurons,

andtheseformanetwork(theneuralnetwork).

Intellectualactivitiesofhumansaresaidtobe

performedthroughtheinterchangeofsignals

betweentheseneurons.Therefore,itnaturally

followsthatresearchanddevelopmenton

neuroncomputersisbeingcarriedoutbya

varietyofresearchorganizationsandmanu-

facturers.Theresearchisbasedontheconcept

thataneuroncomputercanberealizedifeach

neuronisequatedwithaprocessorandthe

networkisrealizedtechnologically.Neuron

computershaveenormouspotentialbecause

oftheirlearningcapabilities,whichpermit

large-scaleimprovementinprogramprepa-

rationwork,andtheacquisitionofknowledge

andrulesthathumanbeingsmayhavediffi-

cultyinacquiring.Inthisrespect,theearly

developmentofneuroncomputersisclearly

desirable.
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Itissaidthathumaninformationprocessing

consistsoftwofunctions:thelogical/math-

ematicalfunctionandtheintuitive/pattern

recognitionfunction.Conventionalcomputer

technologyisdesignedsolelyfortherealiza-

tionoftheformerfunction.Thecomputers

whichwecanexpecttoseeinthefutureare

thosewhichwillpossessthelatterfunction;

andsuchcomputerswillhaveagreateraffinity

withhumanbeings.

Tobringabouttherealizationofneuron

computers,therearemanytaskstobeac-

comphshed.Theprincipaいaskisthatof

establishing``flexibleinformationprocessing"

with``super-parallel"and``super-distributed"

techniquesusingopticaltechnology.

TheNewInformationProcessingTechnology

(NIPT)projecthasalsobeeninprogressfor・

thepastfewyears,withfullsupportfrom

MITI.Alargenumberofscholars,research-

ersandspeciaiistshaveparticipatedinthis

pr()ject,whichisaimedatthe21stcentury.As

withthefifth-generationcomputerproject,

JIPDEChasbeentheadministrativeofficefor

theNIPTproject,whileatthesametime

concentratingoureffortsonbasicresearch

overthepastthreeyears.Thebasicresearch

isalreadyinthefinalphase.Basedonthe

resultsoftheresearch,theJapanesegovern-

mentwillcreateaneworganization.This

organizationwilladministeranewnational

pr()jectfocusedoninnovativeinformation

processingtechnology,whichseeksanopti-
mumsolutionforthehandlingofincomplete

informationinacomplex,realsociety.The

watchwordfortheprojectwillbeRWC(Real

WorldComputing).Thegovernmentisabout

tostarttheresearchanddevelopmentwith

cooperationfromforeigncounlries.

Thistime,wewillgiveanintroductiontothe

R&Donvariousnewinformationprocessing

technologiesthathavebeenimplementedin

Japan.Wewillalsoprovideanintroductionto

thetechnologieswhicharenecessaryforthe

realizationofRWC.Wehopethiswillbe

helpfultoallofourreaders.

/

〃『－
YujiYamadori

Director

Research&IntemationalAffairs
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OutlineofRealWorldComputingProgram

KenjiTorizuka

TechnicalOfficial

MachineryandInformationIndustriesBureau

MinistryofInternationalTradeandIndustry(MITI)

1.Outline

(1)Compntersofconventionaldesignhave

alreadybeenshowntobeinconvenienttools

fOrprocessingtheincompleteorerroneous

datathatissooftenencounteredintoday's

society.However,easeinhandlingcomplex

datawillbeavitalneedthatsocietymust

satisfyasitgrowsevermorereliantonso-

phisticatedinformationinthenextcentury.

Thustechniquesmustbedevelopedtoprocess

incompletedatawithinrealistictimelimits,

anditwillbeessentialtodevelopnewand

revolutionaryprocessingtechniques(Real

WorldComputing)basedonleamingandrec-

ognitionfunctionsthatrequirenoexpertiseto

performdataprocessin9・

Thepresentresearchanddevelopmentdrive

willfocusonfundamental,revolutionary

technologies.Consideringitsglobalsignifi-

cance,cooperationfromallcountrieswillbe

calledfbrasitprogresses.

(2)DetailsoftheR&Ddrive

①Planningandexecutingresearchactivi-

ties

Anewbody,tentativelynamedtheReal

WorldComputingPartnership,willplay

thecentralroleinimplementingand

executingtheR&Dpr()jects.Itwilllay

downR&Dplansbydrawingonfunda－

mentaltheory,newsystemarchit㏄tures,

opto-electronics(opticalcomputing),

andotherdevelopingfields.TheR&D

activitiesrunbythepartnershipwillbe

basedontheseplans.

②Jointinternationalstudies

Theresearchpartnershipwillactasan

intermediaryinbuildingasystemto

promotejointresearchorresearchcoop-

erationwithoverseasinstitutions.

③Creatingthedevelopmentenvironment

Linkageswillbeestablishedbetween

Japaneseandoverseasresearchorgani-

zationsengagedinstudiesonRealWorld

ComputingProgram,andcomputernet-

workswjllbeestablishedtohelpimprove

theefficiencyofresearchanddevelop-

mentactlVltSes.

(3)Expectedresults

RealWorldComputing,whenrealized,will

makeprocessingoflargevolumesofincom-

pletedatapossiblewithinrealistictimelimits,

andtheprocessingwillbedoneeasilywithout

requiringtheinterventionofexperts.

Thiswillwidentherangeofapplicationof

computersinsuchareasasearlydiagnosisof

cancer,completionoftelephonesystemsin-

corporatingautomatictranslationfunctions,
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andmeasurementofthecarbondioxidebal-

anceintheglobalenvironment.Alltheseare

realproblemsthatcannotbcattendedtoeasily

asoftoday.

2。Background

ThefollowingisneededtorealizetheReal

WorldComputingPossiblc:

①Theoreticalbase:``Flexibleinformation

processing"withflexibilityandabilities

oflearningandadaptationtohandlereal-

worldinformationwithincompleteness,

ambiguityandchangeability.

(1)State.of-the-arttechnology

Thankstoadvancesinhardwareandsoftware,

computertechnologyhasreachedanas-

toundinglevelofdevelopmenttoday.In

handlingregularcalculations,documents

(texts),anddatabases,andmorerecentlyin

logicaldataprocessinginvolvinginferences,

computersalreadyseemtohaveanedgeon

man.Ontheotherhand,theyarefarless

flexibleininformationprocessinginvolving

jntuition,soitwillbeessentialtoexpandthe

rangeofavailablefunctionsrelatedtolhis.

Flexibledataprocessingisnowbeingde-

mandedinalloftodaジshightechfields,asit

hasbeenfoundtobeindispensableforso-

phisticatedfunctionssuchaspatternor

knowledgedataprocessing,includingforuse

withintelligentrobots.

(2)Targettechnologies

Theterm"RealWorldComputingParadigm"

referstothebasicconceptsunderlyingthe

researchprogram.Inshort,itrepresentsthe

judgementandproblemsolvingcapabilities
neededforthekindofdataprocessingthatwill

becomenecessaryinthenextcenturytohan-

dlethejumbleofvague,incomplete,andvari-

abledatathatpervadesreallife,initsactually

existingform.Pursuingtheconceptsabove

willmakeitatechnicaltargettogropefora

furtherexpansionofinformationprocessing

functionwithcomputers.

②Computationalbase:"Massivelyparal-

lelanddistributedinformationprocess-

ing"withrobustnesscapableofflexible

informationprocessingwithlimited

amountofresourcesandwithinlimited

time.

3.Guidelinesforpromotingtechnical

development

(1)Basicconcepts

①Fundamentalresearchoricnted:

Toestablishthefundamentalandge-

ner▲ctechnologiesforthehighlyad-

vancedinformationsocietyinthe21st

century.

②Intemationalcontributionoriented:

Topromoteinternationalcooperation

andtoreportopenlytheresultsofre-

searchactivitiestotheworld.

(2)Basicpromotionalpolicy

①Aflexibleformationofresearchor-

ganlzatlon

Thetaskstobeattendedtowillbedivided

apPropriatelytopropelthestudiesahead

successfullyalongtheircourses.Thus,

acentralizedlaboratorywillbetakenfor

studiesinvolvingahighlevelofintegra-

tion,symbolism,andsharingofre-

sources.Ontheotherhand,distributed

JCQNo.89,1992 4



laboratorieswillbeadoptedforstudies

thatarehighlyindividualisticande1-

ementalinnature.Thetwomustbe

linkedintimatelyandflexibly.

②lntroductionofcompetitiveprinciple

Intheinitialstageofresearchanddeve1-

opment,mutuallycompetingtheories

mustbetriedout(thatis,variousrival

approachesmustbegivenachanceto

competewitheachotherformoreeffec-

tivestudyresults).Theresultsthereof

willbeevaluatedatanintermediatestage,

andonthisbasis,theactualproblemsto

beresearchedfurtherwillbenarrowed

down.

③Inter-disciplinaryandintemationalco-

operatlon

Inter-disciplinaryandinternational

linkageswillbenecessarytomeetthe

basicchallengesofthisR&Dproject.

Thus,allpossibleeffortsshouldbemade

toperformjointstudieswiththe

ElectrotechnicalLaboratoryanduniver-

sityresearchinstitutions.Atthesame

time,studiesmustbere-consignedto

researchinstitutionsaffiliatedtouniver-

sitiesinJapanorabroad.

④Makingresearchresultspublic

Progressinthestudiesofthevarious

researchinstitutionswillbereportedin

conferencesheldbothinJapanandover-

seas.Also,symposiumsandworkshops

willbeheldregularly.Inthiswaythe

programwillactivelymakeitsresult

public.

⑤Establishingaresearchinfrastructure

Ahigh-speednetworkenvironmentwill

beestablishedandmadetoserveasthe

basisforglobal-scaledistributedresearch

efforts.Thiswillmaketheplanforthe

executionsystemflexibleandwillalso

supPortthepublicreleaseofstudyre-

sults.

4.R&Dplanseva]uationsystem

(1)Outline

Next,wewilltakeupthesystemfollowedand

theitemscoveredinthefiscall991feasibility

studies.AsFigurelshows,aworkshop

steeringcommitteeandaworkinggroupfor

systemevaluationwereformedunderthefea-

sibilitystudycommitteefornewinformation

processingtechnologies.Thesebodieshave

beenevaluatingthebasicR&Dplansandthe

basicelementsthatmakeuptheresearchand

developmentsystem.Theworkshopsteering

committeearesponsoringworkshopsona

globalscaleandareplanningactivitiesonthe

basisoftechnicaldiscussionsamongJapanese

andoverseasresearchersworkinginrelated

fields.

(2)Thefeasibilitystudycommittee

Theobjectofthiscommitteeistodetermine

guidelinesforthefollowingitems.Eachitem

isofimportanceforpromotingtheRealWorld

ComputingProgram.

①Formulationofmasterplanforpromo-

tionoftheRealWorldComputingPro-

9「am

<ltemstobecoveredinthemasterplan>

Outlineoftheprogram

Targetsfortechnicaldevelopment

Methods,budget,andscheduleforde-

velopmentactivitics

Evaluationmethods

Evaluationyardsticksetc.
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Workshopsteering

commlttee

Internationalworkshops

Feasibilitystudycommittee

・Formulationofthemaster

planoftheresearch

・Coordinationbetweeninter-

nationalworkshops

・FourworkShopsubcommit-

teesestablishedindifferent

technicalareas

・Formulationofmasterplans

foreachfield

・Proposalsonorganizationand

managementofRWC

・Proposalsontermsofagree-

ments(includingownershipof

resultsandusagefees)

・Formulatingschemesforjoint

studies

FigurelOrganizationofthefeasibilitystudycommittee

②Specifyingthebasicitemsforthetech-

nicaldevelopmentsystem

<Mainitems>

Organizingandmanagingthemainbod-

iesinchargeoftechnicaldevelopments

Itemscoveredinagreementsreachedfor

consignment(includinghowtheindus-

trialpropertyrightsaretobehandled)

RulestoapPlytojointstudies

(3)lntemationalworkshops

WOrkshopsteeringco㎜ittee

Theoryandnovelfunctionsworkshop

Massivelyparallelsystemworkshop

Neuralsystemworkshop

Opticalsystemworkshop

Figure2Workshopcomposition

①Object

Workshopsrelatingtothebasicresearch

PlansofJapaneseandoverseasre-

searcherswillbeconductedaccording

totheresultsofatwo-yearlongsurvey

startingin1989.Therespectivebasic

planswilldelineatetheobjectsofthe

researchundertaken,theresearch

schedules,budgetoutlines(funding

plans),methodsofevaluation,there-

searchsystem,andotherrelevantdetails.

Theworkshopswillbesplitintofour

differentareasasshowninFigure2.

②Scopeofactivitiesofthedifferentwork-

shops

<Theoryandnovelfunctionsworkshop>

Thisworkshopwilldealwiththetheo-

reticalbasisfbrrealworldcomputing

andwillinvestigatethenewfunctionsto

f()rmthebasisfbrapplications.Real

worldcomputingwillmakeitpossible

tointegrateawiderangeofinformation

-includingincompletenessanderrors

-andhandleitflexiblyintherealtime

mode.Thisinvestigationwillhelpde-

velopaconcreteimagefbrapPlication

systems.Themainitemstobeinvesti-

gatedbythisworkshopare:

JCQNo.89,1992 6



・Theoreticalbase:

Constraintsatisfaction

Statisticaltheories,theoryofmultivariate

analysis

Theoryoflearning,applications,and

self-organization

・Novelfunctions:

Sophisticated,flexiblerecognitionand

understandingfunctions

Flexibleinformationbasesandinfer-

encebasedontheiruse

・Problemsolving:

Flexiblecontrol

Humaninterfaceandsimulation

<Massivelyparallelsystemworkshop>

ThisworkshopwillinvestigateR&D

themesrelatingtoarchitectures,operat-

ingsystems,languages,andotherareas

whicharenecessarytoachieveageneral

purposemassivelyparallelsystem.The

maintopicstobeattendedtoare:

●Architecturerelatedstudies:

Processorarchitecture

Mutualiinkagenetworks

Maintenancearchitecture

Robusmess

Systemarchitecture

Calculationmodels

・Operatingsystemrelatedstudies:

Processcontrol

Networkcontrol

Resourcecontrol

Loaddistribution

Improvedreliability

・Languagerelatedstudies:

Objectorientedlanguages

7

Parallelproceduretypelanguages

Languagemodels

Programmingenvironment

<Neuralsystemworkshop>

Thisworkshopwillattendtoproblems

relatedtoactualizingneuralmodels,de-

velopinghardwareforneuralsystems,

andintegrationwithmassivelyparallel

systems.SuchproblemswillbeofvitaI

importanceindevelopinglarge-scale

sophisticatedneuralsystems.Themain

problemsthisworkshopwillbecon-

cernedwithare:

・Studiesrelatingtoneuralmodels:

Modularization

Hierarchicalmanagement

Self-organization

Learningmodels

Associativememory

Integratingwithsymbolprocessing

・Hardwaredevelopment:

Neurochips

Neurocomputers

Scalablearchitectures

●Integration:

Integratingneuralandparallelsystems

<Opticalsystemworkshop>

ThisworkshopwillstudyR&Dprob-

1emsrelatedtotheopticaltechnology

necessaryforgivingshapetorealworld

computing.Realworldcomputingwill

makeuseofthelargevolumecapabili-

tiesandflexibleconnectivityoflightas

aninformationmedium.Themaintop-

icstobeattendedtobythisworkshop

are:

・Opticalinterconnectiontechnologyto

JCQNo.89,1992



solvethesignaltransmissionproblems

encounteredinelectronicsystems

・Opticalneuralsystemsthatmake

realtimelearningandassociativerccall

possible

・General-purPosemassivelyparallelop-

ticaldigitalsystemsthathelptoattaina

highlevelofoperationalaccuracyand

massivelyparallelprocessing

JCQNo.89,1992 8



Toward FlexibleInformationProcessing

TheoryandNovelFunctions

NobuyukiOtsu

Director

MachineUnderstandingDivision

ElectrotechnicalLaboratory(ETL)

1.Introduction

Therea1-worldenvironmentisfullofun-

certaintyandchangeability.However,we

humanscanrecognizewhatisintheenviron-

ment,makedecisionsandactinquiteaflex-

iblewaybyprocessingandintegratinga

varietyofinformationwhichisusually

incompleteandambiguous.

Suchinformationprocessingasseeninhu-

manscouldbecharacterizedbytheterm

　flexibleinformationprocessing"or``rea1 -

worldcomputing"incontrasttoconventional,

rigidinformationprocessingbycomputers,

whichassumesthatallinformationisgivenin

apre-assumedworldorproblemdomain.

tionsthatwillformthebasesforthisnew

realmofinformationprocessingwillbebriefly

described.

2.TheoreticalFoundation

2.1Researchframework

Sofar,muchtheoreticalresearchhasbeen

doneinrespectiveresearchfieldsrelatedto

flexibleandparalleldistributedinformation

processing.Suchfieldsare,forexample,

patternrecognition,multivariatedataanaly-

sis,probabilisticandstatisticalinference,fuzzy

logic,andneuro-computing,machineleaming,

regularizationandvariousoptimizationmeth-

ods,andsoon.

Theobjectiveofresearchanddevelopmentin

theNewInformationProcessingTechnology

(recentlynamedtheReal-WorldComputing)

programistolaythetheoreticalfoundation
andtopursuethetechnologicalrealizationof

human-likeflexibleinformationprocessing

asanewparadigmforinformationprocessing

inanticipationofthehighlyinformation-based

societyofthe21stcentury,inwhichgreat

increasesinboththequantityandinthevari-

etyofinformationtobehandledcanbeex-

pected.

Inordertoprovideatheoreticalfoundationfor

flexibleinformationprocessing,itisimpor-

tantnotonlytocontinuein-depthstudyin

theseresearchareasbutalsotoclarifythe

theoreticalframeworkforthe　 softlogic"

commonly叩derlyingthesefieldsandtoaim

atconstructinganewunifiedtheoreticalbase

fbrdynamicreal-worldcomputing.Here,

probabilisticandstatisticalformulationof

problemsandnonlineardynamicsinconjunc-

tionwithlearningandself-organizationwill

beakeyapproach.

Inwhatfollows,anoutlineoftheresearchand

developmentofthetheoriesandnovelf皿c－

Forthispurpose,itwillbenecessarytoex-

pandandgeneralizetheconventionalframe－

9 JCQNo.89,1992



workofinformationprocessinginallaspectS

ofinformationrepresentation,processingand

evaluation,andtosystematizebasictheories

andelementarynovelfunctionsforapplica-

tionontheflexibleframework.

Thefollowingareconceivedofasthetwo

mostfundamentalissuesofcommonconcern:

・Integrationofmulti-modalinformation(and

ofheterarchicalprocessingmodules),

・Learningandself-organization(optimiza-

tionandadaptation).

Implementingtheseinageneralizedandflex-

ibleframeworkofmassivelyparallelanddis-

tributedinformationprocessingwillbeamajor

keypointindevelopingnovelfunctionsfor

applicationssuchasflexiblerecognition,in-

ferenceandcontrol.

Itwillalsobeimportanttolearnfromand

receiveinspirationfromnature,namely,to

Ul(eintoaccountnewfindingsinscientific

researchintothebrain,evolutionaryprocesses

ofcreatures,andecologicalsystems.

Inwhatfollowswewillinvestigatethetopics

oftheoreticalresearchthatwillserveasthe

theoreticalfoundationfornovelfunctionsin

variousapplicationsandpossiblyfornew

computingarchitectures.

2.2Researchtopics

2.2.1Flexiblerepresentationofinforma・

tion

Inordertotreatvariouskindsofinformation

intherealworld(suchasimages,speech

soundsandlanguages)andtoconstruct

heterarchicalflexiblesystems,itisfirstofall

necessarytoestablishaflexibleframework

forinformationrepresentation.Theframe-

workshouldbeflexibleenoughnotonlyto

representvariouskindsofinformalionina

unifiedmannerbutalsotorepresentthecer-

taintyofinformation.Itshouldalsobesuit-

ableandefficientforimplementingassocia-

tivememoryandlearning(orself-organiza-

tion)procedures.

Importanlresearchtopicsincludedistributed

representation(patterns)vsconcentrated

representation(symbols),spatialrepresenta-

tionvstemporalrepresentation,probabilistic

representation,topologicalrepresentation,

hierarchicalrepresentation,andtherepresen-

tationofinformationandknowledgeascon-

stralnts,etc.

2.2.2Evaluationofinformationand

processingmodels

Foractivelyinteractingwiththerealworld

andleamingorself-organizingfromexperi-

ence,real-worldcomputing(denotedhereaf-

terasRWC)systemsshouldhaveaflexible

andsystematicframework(criteria)for

evaluatingtheimportanceofthevariouskinds

ofinputinformation,theoutputinformation

thatisaresultofprocessing,andtheprocessing

modelsthemselves.

Oneimportantissuewillbetoextendthe

evaluationframeworkfromtheconventional

hardtypethatmainlydealswith``true/false"

tomoreflexibleandquantitativetypessuchas

informationcriteria(e.g.,AICandMDL)and

energy,whichcanserveaミo切ectivefunctions

foroptimizationandregularizationincluding

fortheinformationintegrationprocessesand

processingmodelsthemselves.

JCQNo.89,1992 10



2・2・3Flexiblestorageandrecallof

inf()『mation

Thehighlysophisticatedfunctioningofthe

humanbrain'smemoryisakeytotheflexible

informationprocessingofhumans.RWC

systemsshouldhavesuchflexiblememory

functions,tostoreandassociativelyrecall

variouskindsofinformation.Thusresearch

shouldaimatestablishingmethodsoftheo-

reticalanalysisforassociativememoryandat

developingnew,efficientmechanismsfor

flexibleassociativememory.

Importantresearchtopicsareassociationus-

ingProbabilisticreasoning,associationusing

structuralsimilarity,associativememoryfor

storingtimeseries,andassociativememory

usingnon-lineardynamicalsystems,etc.

2.2.41ntegrationofinformationand

processingmodules

Informationprocessingsuchasinference,

predictionandplanningcanbeconsideredto

beaprocessforintegratingvariouskindsof

informationandknowledge.Itisimportantto

carryouttheoreticalresearchtbanalyzethese

informationintegrationprocessesandtode-

velopnew,flexiblewaysofcontrollingthe

P「ocesses・

Mllltivariatedataanalysismethodswillpro-

videthemethodsforinformationintegration,

althoughmostofthesearelimitedtolinear

transformations.Nonlinearextensionofthose

methodswillbeimportant.Neuralnetwork

modelsarethoughttobeabletoprovideakind

ofnon-1inearextension.Regularizationtheory

willprovideamethodforincorporatingvari-

ouskinds・ofconstraints.

Cooperativeprocessingbyahugenumberof

processingmodulesisalsoanimportantissue

ininformationintegration.Researchonthe

integrationofprocessingmoduleswillbe

important.Investigatingtheinformationin-

tegrationprocessofhumancognitivesystems

willalsobeimportantasasourceofinspira-

tion.

2・2・5Learningandself-organization

Inadditiontoinformationintegration,learn.

ing(orself-organization)isoneofthemost

importanttopicsin

P「oceSSIng・

flexibleinformation

Itwillplayanimportantroleinconstructing

adaptiveautonomoussystems,complex

heterarchicalsystemsorflexibledatabases.

Thus,itisnecessarytoconstructacomputa-

tionaltheoryofleaming/self-organizationfor

exploringthelearnabilityofvariousconcepts

orstructuresandtodevelopnovel,efficient

algorithms.

Importantresearchtopicsarelearningfrom

uncertaininformation,learningofprobabilistic

knowledge,learningofheterarchicallystruc-

turedknowledge,learningalgorithmsusing

activeinformationacquisition,me由odsfor

incorporatingexistingknowledgewithlearn-

ingprocess,andselectionoflearningmodels,

etc.

2.2.60ptimizationmethods

Infbrmationintegrationprocessescanbefor-

malizedasoptimizationprocesses.Learning/

self-organizationcanalsobeconsideredtobe

anoptimizationprocedure.SolvingtheseoP-

timizationproblemsusuallydemandsahuge

11 JCQNo.89,1992



amountofcomputation.Inordertosurmount

thisdifficulty,developingapproximately

correctoptimizationmethodsthatcanbeex-

ecutedeffectivelyonmassivelyparallelsys-

temswillbeanimportantareaofrescarch.

Importantresearchtopicsincludeprobabilistic

optimizationmethodssuchassimulatedan-

nealing,geneticalgorithms,ecologicalalgo-

rithms,evolutionaryalgorithms,optimization

usingnonlineardynamicalsystemssuchas

neuralnetworkmodels,andothernonlinear

optimizationtechniques,etc.

tionalinformationproccssingshouldbebro-

kenthroughbynewkindsofflexiblefunc-

tionssuchasintcgrationofsymbolsandpat-

ternsandlearning/self-organization.Merely

combiningconventionaltechnologiesor

makingad-hocsystemsforspecifiedtasksis

notwhatisdesired.

Sinceflexibleinformationprocessingintends

toexpand.theabilitiesofinformation

processingbeyondtheconventionallimita-

tions,therangeofexpectedfieldsofapplication

isquitewide.Thesefieldscanbedividedinto

fourcatcgoriesasfollows:

3.NovelFunctionsforApplication

3.lResearchframework

RWCsystemssupPortvarioushumanactivi-

tiesbyacquiringandprocessingvariouskinds

ofinformationintherealworldsuchasimages,

speechsounds,tactilesensationssoon.This

information輌smassiveandmodaland

moreoverissubjectedtoincompletenessand

uncertaintybynature.ThusRWCwillrequire

novelfunctionswithflexibil江iesofvarious

kinds.Attributessuchasrobustness,openness

andreal-time,reflectdifferentattributesof

flexibility.Thereforethekeyissuefornovel

functionsishowtorealizesuchnexibility.

・Flexiblerecognitionandunderstandingof

variouskindsofinformationsuchaspattern

informationlikeimagesandspeechsounds

andsymbolicinformationlikenaturallan-

guages,

Flexibleinfcrenceandproblemsolving

basedonflexibleinformationbaseswhich

admitdirecttreatmentofinformationand

havecapabilitiesforlearningandself-or-

ganlzatlon,

・Flexiblehumaninterfaceandsimulation

forrealizingmutualinteractionbetween

humansandtherealworld,

Theobjectiveofresearchanddevelopmentis

toinvestigateelementalnovelfunctionsinthe

variousapPlicationfields,closelycooperating

withthetheoreticalfoundations,andtoembody

thoseinrespectiveapPlicationfieldsorinte-

gratethemtodemonstratenewflexibleinfor-
matlonsystems.

Thenoveltyofthefunctionsshouldemerge

fromnewtheoreticalconceptsoralgorithms

suitabletoRWC.Thebottle-necksofconven－

・Flexiblecontrolandautonom皿ssystems

interactingwiththereal-worldenvironment.

Thefollowingtwocategoriesareconceivedof

asimportantdirectionstopursueforrealiza-

tionofintegratedsystemsofnovelfunctions:

・Real-worldadap田bleautonomoussystems
,

・Information-integratinginteractivesystems .

Theformermeanscooperationwiththereal
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world.Thesewillbeflexiblesystemsthatcan

autonomouslyunderstandandcontroltheen-

vironmentthroughactiveandadaptiveinter-

actionwiththerealworldandworkforthe

purposeofpartialreplacementofhumanac-

tivitiesintherealworld.Hereitwillbe

necessarytocopewiththeuncertain,incom-

pleteandchangeablecharacteristicsofthe

realworld.Necessarynovelfunctionsare

undersロmdingoftheenvironment,modeling

oftherealworld,planningforactionsequences

andoptimalcontrolforadaptation,etc.

robustness,opennessandreal-time.

Inthefollowing,wewilllisttheresearch

themeswhichseemtobenecessaryforthe

realizationofbothsystems.Thisdoesnot

necessarilymeanthatthisprogramwillpur-

suealloftheseresearchthemes.

Thecomputationalbasesforrealizingthese

novelfunctionswillbemassivelyparalleland

distributedsystemsincludingneuralsystems

oropticalcomputingsystems.

Thelattermeanscooperationwithhumans.

Thesewillbeflexiblesystemswhichs叩port

andenhancehumanintelligencecapabilities

suchasproblemsolvingandinformatlon

creationthroughenlargedcommunication

channelsbetweenhumanandsystems.Hereit

willberequiredtobothunderstandandinte-

gratevariouskindsofinformationflexiblyto

assisthumanbeingsinsolvingproblemsand

creatingnewinformation.Necessarynovel

funcIionsarequestionandanswerbyspoken

naturallanguage,understandingofintentions

fromvarioustypesofinformationproduced

byhumans,realizingintelligentandinterac-

tiveassistanceforretrievingandpresenting

valuableinformationfromalargeamountof

dataindatabases,intelligentsimulationto

createnewinformationfindingsandforecast

transientstatesintherealworld,integration

methodsforcombininghumanfactorsanda

computational'modeloftherealworld,etc.

Thcfundamentalnovelfunctionsshouldbe

evaluatedbothfromtheviewpointofhow

theycontributetorealizingthesetwosystems

andfromtheviewpointofhowtheymake

breakthroughsintheirowntechnological

fields.Thebreakthroughswillberelatedto

theattributesofreal-worldcomputing,namely,

3.2Researchtopics

3.2.1Flexiblerecognitionandunder・

standing

Wecaneasilyandflexiblyrecognizeand

understandvariouskindsofinformat▲oninthe

realworldsuchasimagesandspeechsounds.

Thisabilityisatypicalexampleofintuitive

informationprocessingandw川indispensa-

bleforRWCsystemstobeabletopossess

autonomyandsmoothcommunicationwith

humans.Itwillalsoformthebaseforinfer-

enceandproblemsolvingathigherlevels.

Manyeffortshavebeenmadeinresearchto

mechanizethesefunctionsinevenrestricted

domains,butthestateoftheartisstillfar

behindthelevelofhumanability.Thediffi-

cultyofrealizingrecognition/understanding

inthereal-worldenvironmentliesinthein-

completeness,uncertaintyandambiguityin-

herenttonaturalpatternsandfurtherintheill-

definedandill-posednatureoftheproblems

themselves.

Therefore,anewframeworkforsolutionis

neededthatadmitsthesedifficultiesandcan

integrativelyincludevariousconstraints
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(knowledge)andalsosubjectivevaluejudg-

mentS,`forexampleflexibleframeworkssuch

asoptimization,constraintsatisfaction,

Bayesianinference,hiddenMarkovmodcls,

learning/self-organizationfromexamples,or

anewparadigmofparallelcomputationuni-

fyingthese.

Importantresearchtopicsareasfollows:

Forimageunderstanding,theformulationof

processingmodulesforearlyvisualinforma-
tion(suchascolor,shape,movement)and

integrationmechanismsforthese,interactive

segmentationandunderstandingofsceneand

motionimagesonthebasisofflexiblemodeling

ofobjectsandtheworldenvironment,under-

standingoffacialexpressionsandgesturesto

inferhumanintentions,etc.

Forspeechunderstanding,noisesupPression

androbustrecognitionundernoisyenviron-

ments,speaker-independentunderstandingof

conversationalspeech,formulationof

heterarchicalprocessingmodulesfromthe

signalleveltothelinguisticlevelandinte-

grationmechanismsforthese,flexiblemecha-

nismsforsyntacticandsemanticanalyses,

etc.

Fornaturallanguageunderstanding,robust

parsersapplicabletolargevolumesofreaL

worldcodedsentencescontainingincom-

pleteness,flexiblemethodstomanagesuch

sentencedataasdata-basesorelectronicdic-

tionariesandtoutilizethoseforunders田nd-

ing,algorithmsforextractingconceptualin-

formation,computationalmodelsfbrunder-

standingsituationsandforintegrating

knowledge皿itsonthebasisofconceptual/

structuraldistancetotreatdialogue,explana-

tion-orientedunderstandingofnaturallan-

guage,etc・

3.2.2Flexibleinferenceandproblem

solving

ConventionalAIrealizesintelligencebyre-

ducinghumanintelligencesuchasinference

andproblemsolvingtoproblemsoflogical

operationsandretrievalinknowledgerepre-

sentationbysymbols.Suchmethodsareef-

ficientforrestrictedorrigorouslyabstracted

problemdomains,butforthevarietyof

problemsolvingrequiredintherealworld,

thesefacemanydifficultiessuchasthelimi-

tationsofsymbolicrepresentationandma-

nipulation,combinatorialexplosionand

knowledgeacquisition.

Intherealworld,muchinformationand

knowledgecontainsinconsistency,incom-

pletenessanduncertainty.Therearemany

caseswheretheproblemstobesolvedthem-

selvescannotbedescribedcompletely,and

problemformulationisrequiredbasedonin-

completestatementSbytheuser.Inaddition,

real-timeproblemsolvingisalsoanimportant

factor.Therefore,anewschemeofflexible

inferenceandproblemsolvingisnecessaryto

copewiththoseproblems.Thiswillbeat-

tainedbyexpandingtheconventionalframe-

worktoamoreflexibleone.

Importantresearchtopicswillincludeflexible

informationrepresentationintegratingsymbols

andpatterns,flexibleknowledgeacquisition

fromreal-worldinformation(1earningbf

probabilisticstructuresorcausalrelationships),

stochasticinferenceandanalogybasedonsoft

Iogicwhichintegratesprobabilitytheoryand

fuzzylogic,constraintsatisfactionornetwork

dynamicstosolveill-posedproblemsorprob-

lemswithmanytacitassumptionsasoptimi-

zationproblems,andmassivelyparallel

processingforthefastsolving,modelingof
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theprocessesofinferenceandproblemsolv-

inginhumans.

3.2.3FlexibReinformation・bases

Flexibleinformationbasestohandlevarious

kindsofinformationandknowledgeinthe

realworldareimportantinthesensethatthey

willsupporttheintellectualactivitiesofhu-

mansintheforthcomingeraofhighutilization

ofinformationnetworksandalsointhesense

thattheywillformabasisfornovelfunctions

suchasflexibleunderstanding/recognition,

inference,problemsolving,andactioncontroL

Sofar,severaltypesofdatabaseshavebeen

proposedanddeveloped,suchasrelational,
object-oriented,deductive,andknowledge

bases.Howevertherearestillmanyremain-

ingproblemswithconventionaldatabasesand

knowledgebases,whichmainlyrelyupon

symbolicandlogicalrepresentationandre-

trievaL

Twonewtechnologiesshouldbefocusedon

here.Oneistheflexiblerepresentationand

memorizationofthevarietyofreal-worldin-

formationwithinaunifiedframeworkforan

innerinformationmodelensuringtractability.

Theotheristheflexibleandsemantically

correctretrievaloftherequireditemscorre-

spondingtotheintentionsofusers.

Relatedimportantresearchtopicsinclude

flexibleinformationrepresentationanddata

structuresabletoreflectthetopological

characteristicsofobjectsandsuitablefor

treatinghierarchiesofinformation,self-or-

ganizationfunctionstocopewithlarge-scale

real-worldinformation,learningofcorre-

spondencesandcooperativerelationshipsbe-

tweenvariouskindsofinformation,evalua－

tionofinformationvalueandfeatureextrac-

tionforinformationabstractionorautomatic

indexing,detectionoflackinginformation

andactiveinformationacquisition,inference

ofuser'sintentionsfromincompleteoram-

biguousrequirementsandcompletionthrough

dialogue,highspeedretrievalbymassively

parallelprocessing,etc.

3.2.4Flexiblehumaninterfaceand

simulation

NovelwaysofusingRWCsystemsmustbe

developedinparallelwiththedevelopmentof

theindividualnovelfunctionsmentioned

above.Thisnewinformationprocessingwill

provideanewenvironmentwhichenables

broad,cooperativerelationshipsbetweenhu-

mansandcomputersandenlargeshumanin-

telligenceactivities.Userswillbeableto

interactwithcomputingsystemsbysuch

naturalmeansasspokenlanguage,gestures

andfacialexpressions,andwillbeableto

receiveinformationbymeansofreal-time3-

Dimages,etc.Thismeansthatuserscan

concentratetheirintelligenceeffortsonmore

creativeactivities,fieedfromlearningthe

exhaustingskillsrequiredforcommunication

withconventionalcomputersthroughnarrow

channels.

Relatedresearchtopicstorealizesuchan

information 、processingenvironmentwillin-

cludebroad-bandmulti-modalinterface(lin-

guisticandvisualcommunicationincluding

recognitionofhumanbodyactions,facialex-

pressions,etc.),informationdisplaysystems

withvirtualreality,cognitiveandbehavior

modelsincludingsensorfusiontounderstand

humanintentions.

RWCwillalsorealizenovelsimulationtech－
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nologiestosolveverycomplicatedanddiffi-

cultproblems.Thiswillassisthumanthink-

ing,creativeactivityanddecisionmakingby

meansofvisualizingphenomenathathaveno

inherentvisualapPearance.Insteadofper-

formingexpensiveandtimeconsuming

physicalexperimentswhichmaynotalways

beprecise,computingsystemswillprovide

userswithpowerfultoolstosimulatevery

largescalecomplexsystemsandtopredict

theirbehaviorinreal-time.Predictionof

untappedphenomenaandfutureevents,such

astheglobalenvironmentandweatherfore-

casting,willbeanimporじmtapPlicationof

real-worldcomputing.

Relatedresearchtopicsarelearning/adaptation

typesimulation,predictionandcontrolof

complex/chaotictimeseries,andlargescale

simulationanddecisionmakingsupportfor

solvingenvironmenta1,economicalandtraf-

ficproblems.

3.2.5Flexibleautonomouscontrol

Researchisneededtofocusonthedevelopment

ofthetechnologiesneededtorealizeflexible

autonomouscoordinatedsystemsoperatingin

therealworldinrealtime.Robotsaretypical'

examplesofthis,andapplicationsalsoinclude

aidsfortheelderlyorphysicallyhandicapPed.

Suchsystemswillbecomposedofvarious

functionalmoduleswhichinteractwitheach

otherinperception,decisionmakingandac-

tioncontrol.Ontheotherhand,therealworld

wherethesystemoperatesissubjectedto

incompletenessandambiguityintheavail-

ableinformation,dynamicchangesinthe

physicalenvironmentandlimitationson
'availabletimeandspace

.Thus,theimportant

problcmstobesolvcdarehowtointegrate

thesevariousfunctionsandhowtocontrolthc

interactionsbetweenthefunctionalmodules

inordertoachicvedesiredgoalstatesunder

suchrealworldconstraints.

Rclatedresearchtopicsareflexiblemodeling

oftheenvironment,tlskandcontrol,active

anddistributedsensingandsensoryintcgration,

on-siteplanninganddistributedcooperative

searching,structuralizationandcoordination

ofmulti-agents(forsensing,Planningand

action)forreal-timeskillfulmanipulationof

objects,andmaintenanceofconsistencybe-

tweentheinternalworldmodelandthedy-

namicrealworld,etc.

4.ConcludingRemarks

Anoutlineoftheresearchontheoryandnovel

functionsintheRWCprogramhasbeenshown

intheabove.Thisis,indeed,abasicand

challengingresearc 、hattempttopioneernew

horizonsofinformationprocessingt㏄hnology

beyondtheconventionalframeworks.

Therefore,itw川benecessaryandimportant

topromoteinterdisciplinaryandinternational

cooperationandtoensureflexiblemanage-

mentoftheprogram,notonlyintheresearch

ficldsrelatedtotheoryandnovelfunctions,

butalsoinotherfieldsincludingmassively

parallelsystemsandopticalcomputingsys-

tems,andotherrelatedresearchfieldssuchas

neuralandcognitivcsciences.

Itseemsthatnowisthetimetobravelypro-

ceedonemoresteptowardchallengingthe

constructionofatheoreticalandtechnologi-

calfoundationfortheadvancedandprosper-

ousinformationsocietyofthe21stcentury.
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1.Resea「chFramework

Real-worldcomputingrequiresacomputation

frameworkwhichcanproces .svariouskindsof

informationflexiblyandwithintegrity.Some

novelfunctionsforreal-worldcomputing

apPlicationsareflexiblerecognitionand

understanding,flexibleinferenceandproblem

solving,flexiblehuman.interfaceand

simulation,andflexibleautonomouscontrol.

Asystemwhichimplementsoneofthese

apPlicationsislikelytoconsistofmany

modules,whichcanexploitparalleland

distributedprocessingatseverallevelsboth

withinandbetweenmodules.

Severalparallelparadigmsapplicabletothe

aboveapPlicationshavebeenproposed,

including,concurrentobjectoriented,

dataflow,anddataparallel,neuralnetwork,

probabilitybasedinformationprocessing.

Rea1-worldcomputingwillprobablybe

realizedbysomecombinationofthese

paradigms.Insuchaflexibleinformation

processingsystem,therearemanylevelsof

parallelismtobeexploited.Thesenew

paradigmsarenaturallyadoptedtoamassively

parallelsystemandtheyrequireahugeamount

ofcomputationtosolvepracticalproblems

withinareasonableamountoftime.These

observationsshowthatamassivelyparallel

systemisnecessarytosupPortefficient

computationalpowerofreal-worldcomputing

anditmustalsobeasystemwhichcan

efficientlyexecutethemulti-paradigm.

Themassivelyparallelsystemwhichisthe

computationalbaseofreal-worldcompvting

shotildbeflexibleinitself.Thesystem

flexibilitycomesinpartfromhardware,in

partfromarchitectureandinpartfrom

software.Hardwarerobusmessand

reliablenessareessential.Itshouldbegeneral-

purposefromanarchitecturalpoint,becausea

massivelyparallelsystemshouldsupport

multi-paradigmsef〔iciently.Softwarewillbe

neededtoreahzethefunctionsofadaptation,

self-organizationandoptimization.Thesystem

isonethatcanadaptitselftoapPlication

environmentsforoptimalperformance.This

flexiblesystemwilldelivermaximum

performancewhileminimizingtheburdenon

theusers.Thegoalsofgeneral-purpose

massivelyparallelsystemsresearchinthis

programconcernthedevelopmentof

architeclure,operatingsystems,languages,

andsystemenvironmentsofmassivelyparallel

systems.

2.ResearchTopics

2.1MassivelyParailelArchitectures

Thefollowingarefundamentaltechnologies
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whichshouldbepursuedinthedevelopment

ofgeneral-purPosemassivelyparallelsystems.

(1)Model

FlexibleexecutionmodelSwhichcanbebases

ofgeneral-purposearchitecturesshouldhave

theabilitytofillthegapsbetweenthelanguage

modelsandhardware.Flexibilitywhichallows

amapPingofavirtualcomputerontoactual

processingelementsshouldalsobepursued.

(2)Architecture

Thearchitecturemustsupportvarious

paradigmsefficiently.Themassivelyparallel

systemshouldbebasedonageneral-purpose

architecturewhichdoesnotfbcusonany

specialapPlications.Itisalsoimportantto

studyhardwarearchitectureinconsideration

offuturedevicetechnologyandpackaging

technologyforanefficientimplementationof

massivelyparallelsystem.

examined.

Systemcomponentsshouldhaveselfchecking

andselfrepairingfacilities.Thetotalsystem

shouldhaveamaintenancearchitectureor

facilitiestomaintainsystemreliability.

ThesystemtobedevelopedintheRea1-World

ComputingPrqgramshouldbeageneral-

purPosemassivelyparallelsystem.

Thegenera1-purposenaturemaybeachieved

bymappingthemulti-paradigmmodeltothe

hardwareexecutionmodelinsoftware.Ifthe

hardwarecanbemodifiedandadaptedtoa

varietyofapplications,itmaybeconsidered

asgeneral-purpose.Sinceahugenumberof

modulesorprocessesmustbeprocessed

concurrentlyinreal-worldcomputing,

architecturalmechanismswhichcansupport

rapidprocessswitchingandcheap

synchronizationshouldbeimplementedasan

integralcomponentofthesystem.

(3)Interconnectionnetwork

Theinterconnectionnetworkshouldprovide

highspeedcommunicationwhichis

comparabletocomputationspeed.

Itshouldalsoprovidesupportfordynamic

loaddistribution,910balsynchronization,

globalprioritycontroLInimplementingthe

highspeedinterconnectionnetworksystem

notonlysilicontechnologiesbutalsooptical

technologiesshouldbeconsidered.

(4)Robustness/Reliability

Hardwareorientedrobustnesswhichcan

tolerateexpectedcomponentfailuresin

massivelyparallelsystemsshouldbe

Inthefirsthalfofthisprogram,aprototype

systemwhichconsistsoflO4processing

elementsshouldbedeveloped.Several

hardwareprototypesystemsaredevelopedin

thisstage.Oneoftheseprototypesshouldbe

designedanddevelopedasaplatform.A

platformsystemisusedfortoolsofsoftware

developmentandaresearchplatformonnovel

functions.Fundamentalresearcheson

massivelyparallelmodelandarchitectureare

alsoconcurrentlystudied.

Inthesecondhalf,amassivelyparallelsystem

tobedevelopedisexpectedtohavetheorder

of106processingelements.Itwillhavethe

abilitytoexecutevariouskindsofreal-world

computingapPlicationsatreaHimespeed.

Thearchitecturewillbebasedonthenew
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massivelyparallelcomputingmodeいobe

studiedinthisprogram.

2.20peratingSystemsf{)rMassively

ParallelSystems

Theprimarypurposeoftheoperatingsystems

aretoasslgncomputerresourcestoprocesses

forefficiencyandtobuildauser-friendly

softwareenvironmentbehindwhichhardware

detailsarehidden.Likeoperatingsystemsfor

aserialcomputer,operatingsystemsfor

massivelyparallelsystemsmustbegenera1-

purpose,interactive,multi-userparallel

systems.

(1)Hierarchicalstructure

Torealizeafunctionallydistributcd

managementsystemforflexibleprocessor

management,theoperatingsystemmayrequire

ahierarchicalstructure.Hierarchicalstructure

makesthesystemscalableforamassively

parallelsystem.

Itisrequiredthatsomeefficientmechanisms

tocontrolactivitiesanditshierarchical

structureintermsofhardwareandsoftware.

Thercductionofovcrheadforcontrolling

parallelismorexccutingcriticalsections

shouldbccon'sidered.

Theoperatingsystemforamassivelyparallel

systemshouldbedesignedtosupportthe

executionofvariousprocessesconcurrently

withhighthroughput.Toadministermassively

parallelprocessors,theoperatingsystemmay

haveahierarchicalstructuremuchlikehuman

society.SupPortforthesimultaneous

executionofanumberofparallelprograms

requirestheoperatingsystemstocoordinate

thepartitioningofresourcesamongthe

programs,aswellasanydynamicrepartioning

atrun-time.Thelocality,theconceptof

groupingactivitiesandtheprincipleof

balancingareguidelinesforpartitioning.

Onegoalofanoperatingsystemistoprovide

theprogrammersahigherlevelofabstraction

ofageneral-purposeparallelsystemsinorder

tomakeparallelprogrammingeasier.Through

theabstraction,theoperatingsystemmanages

theresourcesandcoordinatesseveraluser

programsaccordingtotheaboveguidelines.

Theresearchissuesofanoperatingsystemfor

themassivelyparallelsystemareasfollows:

(2)Networkmanagement

Advancedintelligentrouting,addressing,

synchronization,deadlockprevention,flow

control,andfailureavoidanceshouldbe

incorporatedintoaflexiblenetwork

managementSyStem.

(3)Resourcemanagementandload

distribution

Inthemassivelyparallelsystem,the

eliminationofsynchronizationoverhead,

accesscontentionandcommunication

overheadwillbecomemoreseriousissues.To

overcometheseproblems,theoperatingsystem

shouldbeabletocollectmanagement

informationautonomouslyandundertake

statisticalmanagementoradaptive

management.Memorymanagementand

virtualsystemsforseveralresourcesshould

a}sopursuedforcfficientschedulingandload

distribution.Forcxample,pagingandvirtual

memoryarethemostsuccessfulideasin

memorymanagemcnしforaconventional

computersystem.Itseemsreasonabletoexpect
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thesebenefitsinparallelsystems.Inorderto

balanceloadamongprocessors,itissometime

desirabletomigrateagroupofprocessesto

othersetofprocessors.Efficienthardware

supPortisneededtosupPortprocessmigration

efficientlyaswellastheoperatingsystem

facility.

processorsshouldbestudied.Designand

prototypingofthelanguagemodelandcreation

ofthehighlevellanguagemodelsshouldbe

done.

Somehighlcvellanguageswhichcanbeused

forpracticalapPlicationsshouldbe

implementcd.

(4)Faulttolerance Thefollowingitemsshouldbeconsidered.

Inthemassivelyparallelsystem,resource

managementshouldbecarriedoutinamanner

whichallowsforexpectedcomponentfailure

rates.Therefore,itisnecessarytohandlethe

failureavoidancesystemasanormalprocess.

Multiple-routeprocessingwillalsoberequired

inordertodealwithfailures.Inorderto

managethemassivelyparallelsystem

efficiently,advancedintelligentroutingand

failureavoidanceshouldbeincorPoratedinto

aflexiblenetworkmanagementsystem.

2.3LanguagesforMassivelyParallel

Systems

(1)Languagemodel

Languagemodelisadescriptionmodelfor

flexibleprogramminglangeagesofmassively

parallelsystems.Thelanguagemodelcan

providCabasicprogrammingabstractionfor

theunderlyingarchitecture.Themodelmust

besimpleandbesufficientlyclosetothe

underlyingarchitecturessoasnottorestrict

theircomputingpower,andatthesametime

providepowerfulmeansofabstractionto

promotesoftwareprogrammability,

portability,andreusability.Here,oneviable

candidateistheobject-orientedconcurrency

modeL

Thelanguageforthemassivelyparallelsystem

mustbeabletodescribethecoordinated

operationsofanumberofprocesses.Several

languagesbasedonseveralparadigmsshould

beconsidered.Theproblemishowtoextract

theavailableparallelismintheprbblem

domain,andbeabletoexecuteitwithasmuch

parallelismastheunderlyingsystemcan

provide.Theuserprogramsforsuchasystem

willbeverycomplex.Development,

verification,testing,debugging,and

maintenanceoflarge-scaleparallelprograms

willbefarmorecomplexcomparedtothe

sequentialcounterparts.Variouscompilation

techniquesandrun-timeimplementation

techniquesscalabletonearlyonemillion

Intheresearchoflanguagemode1,the

fundamentalresearchonsupportingflexible

language,modelofdescribingcoordinating

andcooperatingactions,inheritanceand

reflectionsshouldbepursued.Inheritance

servestoadapttheobjectstoacertain

computingenvironmenLRecentstudieshave

provideddeeptheoreticalfoundationsto

object-orientedconcurrencywithregardsto

theconcurrentbehavioraswellastheir

inheritancebehavior.Theideaofreflectionin

alanguageistomaketherepresentationofthe

undcrlyingProgramcxecutionscheme

manipulablewithinthelanguage.Reflection

allowstheparallelsystemtoencompass

scheduling,communication,andload－
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balancingwithintheprogramminglanguage

framework.

(2)Highlevellanguagesformassively

parallelsystems

adaptingandcvolvingobjects,

・Declarativedescription

relationships.

ofobject

Theprimarygoalsofhighlevellanguagesfor

massivelyparallelsystemsshouldbeeaseof

programmingandalsotheabilitytodescribe
computationonthescaleofamillion

processors.Severallanguageswhichwillbased
onmultipleparallelparadigmswillbe

considered.Oneviablecandidatesofsuch

languageswillbeanapPropriateamalgamation

ofconcurrentobject-oriented,functional,and

declarativeconstraint-basedapproaches.This

amalgamationwillcreatelayersof

programminglanguages.

Thecommonbaselanguagemakeitpossible

toprovidethebasicprogrammingabstraction

oftheseveralhighlevellanguages.Efficient

inter-1ayercompilationtechniquesmustbe

developedsoasnottoprecludetheuseofhigh

levellanguages.SupPortforspeculative

computationwithintheparallelconstraint

satisfactionframeworkwillbealsoexploited.

Asfortheconcurrentobject-oriented

languages,currentlyavailableobjectoriented

mOdelsarenotintendedtoprocessmorethan

millionprocesses,sothefollowingextensions

willbeneeded.

・Introductionofadescriptionsystem

permittinghierarchicaldecompositionof

complexity,

・Diversificationofmessagepropagation

systems,

●Inlエoductionofself-reflectionfunctionsfor

2.4EnvironmentsforSystem

DevelopmentandProgramming

(1)Programmingenvironment

Multi-paradigmcangiveusersthefreedomto

chooseamongvariousprogramming

languages.Then㏄dtodevelopaprogramming

environmentthatcansupportmulti-paradigm

programmingisexpected.Toolsfor

debugging,graphicallymonitoringand

analyzingloadbalance,communication

characteristics,etc.willalsoberequired.Since

thesef皿ctionsmayneedhardwaresupport,

thearchitecturaldesignshouldtakethese

requirementsintoconsideration.

(2)SystemdevelopmentsupPort

environment

Therequirementsofanenvironment

supportingthedevclopmentofthemassively

parallelsystemincludetwofeaturesdifferent

fromconventionaloncs.Oneisthesupport

fortheinterconnectionnetworkdevelopment.

Inthedevelopmentoftheinterconnection

network,therequirementsandlimitationsof

severalgoalsshouldbeexamined,including

robusmess,dynamicloaddistribution,and

globalsynchronizationmechanisms.The

overallfunctionsandperformanceofthe

interconnectionnetworkshouldbeeva}uable

inadvancebysystem-levelsimulation.The

otheristhesupPortforthearchitecture

developmentofprocessingelement.Inthe

JCQNo.89,1992 22



developmentofanarchitectureforthe

processingelementsofthemassivelyparallel

system,asetofbasicfunctionsforprocessing

elementsshouldbedeterminedthrougha

functionalassessmentofthevarious

subsystems,includingthelnterconnectlon

network.

2.5SystemEvaluation

TheapPlicationfieldsshouldbepickedto

verifytheeffectivenessofmassivelyparallel

computationalbasesforreal-worldcomputing.

Thesimulationsthatarededicatedtothe

predictionoffutureeventsfromestablished

modelsareexamplesforthispurpose.These

simulationscanpredictmacro-behaviorby

describinginteractionsbetweenmicro-

elements.Massivelyparallelsystemsare

expectedtohandlesituationssuchasnon-

1inearormany-bodyproblemsbydirect

mappingparadigm.Theywillalsobeexpected

tohandlesimulationswherethegoveming

equationsaredifficulttoformulatebecauseof

thecomplexityofthephenomenaorofthe

incompletenessofourknowledgetodescribe

thephenomenastochastically.

3.ResearchSchedule

mustbewatchedcloselytoset叩the

developmentplan.Aplatformsystemwhich

isusCdfortoolsofsoftwaredevelopmentand

aresearchplatformofnovelfuncti6nsshould

beconstructed.Oneoftheprototypeswillbe

designedanddevelopedasaplatform.The

softwaredevelopmentonthisplatformsystem

isveryimportantforusingtheplatformsystem

ascomputationalbasesintheprogram.The

finalsystemsistheintegrationofthemassively

parallelsystemsandtheneuralsystems.

Theresearchanddevelopmentofmassively

parallelsystemsisdividedintotwostagesas

follows.

3.1Thefirststage

Severalhardwareprototypesystemsare

developedinthisstage.Oneoftheseprototypes

iscalledplatformsystemwhichisusedasa

platformfbrsoftwareimplementationand

evaluation.Prototypesystemsshouldbe

designedanddevelopedasintermediategoals

ofthefinalmassivelyparallelsystems.Atthe

endofthefirsthalfoftheprogram,these

protOtypesystemsincludingaplatformsystem

areevaluatedfromthestandpointofdesigning

finalsystems.

Thefinalmassivelyparallelsystemtobe

developedisexpectedtohavetheorderofa

millionprocessingelements.

However,itwouldberiskytodevelopsucha

largesysteminonestep;prototypingis

theref()reessential.Theprototypesystemswill

beconstructedinthemiddleoftheprogram.

Thedevelopmenttechnologiesusedwillbe

intermediariesbetweenthecurrentlyavailable

onesandthoserequiredforthefinalsystems.

Theprogressofsemiconductortechnologies

Fundamentalresearchonmassivelyparallel

modelandarchitecturearealsoconcurrently

studied.Theestablishmentoftheconceptfor

languagesandoperatingsystem,and

prototypingontheplatformsystemispursued

inthisstage.Designandimplementationof

thecommonbaselanguageisdonefirst.The

researchof山elanguagemodelisalsopursued

toprovidemeansofabstractionofhighlevel

specializedlanguages.Somehighlevel

languagesandoperatingsystemswhichcan

beusedforpracticalapplicationsinthesecond
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stageshouldbeimplementedontheplatform

system.Variouscompilationtechniquesand

mn-timeimplementationtechniqueswillalso

bestudiedontheprototypesystems.Also,a

newuserprogrammingenvironmentmustbe

createdtofacilitatemillionsofconcurrent

objectsexecutingsimultaneously.Wemust

providespecialpurposehighlevellanguages

whichwillaccommodatetheusers`needs.

operatingsystemsandlanguagesystcms.The

extensionofthehighlevcllanguagemodelsis

alsopursued.Optimizedcompilation

techniquesisimplemcntcdontheplatform

anditsprototypingisstudiedonIhefinal

system.Furthermore,inordertoharnessthe

complexity,hierarchicaldecomposition

methodologyoflargc-scaleparallelprograms

andanalysisframeworkshouldbestudied.

3.2Thesecondstage

Thefinalsystem(orsystems)aredesigncdin

thesecondhalfoftheprogrambasedonthe

evaluationoftheprototypesystemswhichis

developedinthefirststage.Thebasesofthe

finalsystemareselectedfromtheprototype

systems.Theimportanttechnologieswhich

aredevelopedinthefirststageareintegrated

intothedesignofthefinalsystem.Thesecond

halfoftheprogramisdedicatedtodeveloping

themassivelyparallelsystembasedonthe

massivelyparallelmodelwhichwillbestudied

inthefirststage.Itwillalsobebasedonthe

resultsofresearchontheoreticalfoundations

andnovelfunctionsinthefirsthalfofthe

program.Thefinalsystemandtheneural

systemwillbeintegratedintoaintegrated

informationprocessingsystems.

Manyresearchersinthisprogramshouldbe

abletousetheplatformsystemfromtheir

respcctiveresearchinstitutes.Thiswillbe

accomplishedbyconncctingtheresearch

institutesandtheplatformsystemthrough

high'speedglobalnetwork.Theresearchand

developmentofthetotalstructureonsuch

networkenvironmentsshouldbepursued.In

addition,thesystemsoftwareshouldsupport

astandarduserinterfaceandacurrentlyused

systemenvironment.Thcinstallationofsmall

platformsystemswithasmallernumberof

processingelementsateachresearchinstitutes

willbeconsidered.Theabilityformany

researchcrstoworkincommoncircumstances,

givingthemcommonconccptsand

technologiesforreal-worldcomputing,isvery

importantinthepromotionofthisprogram.

Asforthesoftwareresearch,thesecondha】f

oftheprogramwillfocusonthe

implementationofthemassivelyparallel
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NeuralSystems

TatsumiFuruya

Manager

ComputationModelsSection

ComputerScienceDivision

ElectrotechnicalLaboratory(ETL)

1.Introduction

Oneofthemainobjectivesofrealworld

computingistobreakthroughthelimitsof

conventionalartificialintelligence(AI)tech-

niquesandimplementinformationprocessing

systemsthatperforminamannermuchcloser

tothewayinformationisprocessedbyhu-

mans.Theneuralnetwork,onwhichagreat

dealofresearchhasbeendoneinrecentyears,

ismodeledonthehumanbrain.Itishoped,

therefore,thattheneuralnetworkwillhave

muchthesameflexibilityininformation

processingcapabilityashumanshave.Thus,

withtheneuralnetworkasacentralfocus,the

researchworkunderthisprogramwillpursue

thetheory,models,andfinally,也ehardware

ofneuralnetworksinanintegratedmanner.

Themainresearchsubjectsthatareatpresent

consideredtobenecessaryforthemateriali-

zationofrealworldcomputingaswellasthe

researchschedulestobefollowedaremen-

tionedbelow.

1.1Background

Theinformationprocessingspeedofneurons

isfiveorsixordersofmagnitudeslowerthan

siliconlogicgates.Insomecases,however,

thehumanbrainprocessesinformationfar

fasterthaneventhefastestdigitalcomputers.

Aneuralnetworkisbasedonamodelcon-

structedsoastousethesameprincipleof

organizationasisemployedbylivingthings.

Itisexpectedtoexhibitintelligentbehavior,

processingspecific・informationathighspeed.

Informationprocessingbyneuralnetworkis

drawingattentionbecauseprocessingisbased

ontheprincipleof``coordinationandcompe-

tition"betweenalargenumberofsimple

processingunitsthatcloselyexchangeinfor-

mationamongthemselves.Furthermore,since

theprogramsthatrunonconventionalcom-

putersareexpressedintermsofintensityof

connection,existingnumericaloptimization

techniquescanbeusedwhensystemslearnor

adaptthemselves.Asjudgedbythesefeatures,

theneuralnetworkisconsideredtobecapable

ofprovidingaplatformforflexibleinforma-

tlonprocesslng.

Avarietyofneuralnetworkshavebeenpro-

posedinrecentyears.Ithasbeenshownthat

theyaresuitableforpatternprocessing,the

solutionofoptimizationproblemsthr皿gh

apProximation,constraintsatisfactionpro-

cessingandsoforth(Figure.1).Butthose

networksarelimitedtosmallscaleapPlica-

tions.Theneuralmodelsusedi飢hoseappli-

cationsareverysimple,andbackpropagation

isadoptedasthelearningmethodinmost

cases.Flexibleinformationprocessingwillbe

moredifficulttoimplementthanwerepast

applications.Wewillhavetosearchfornew

neuralnetworkpossibilitieswithrespectto

learningmethods,self-organizationandso

on.

25 JCQNo.89,1992



NumberofNeurons

102103104105'''''"
`III

Diagnosis

DiagnosisofDiagnosisoflarge-scaleplants

small-scaleplants

ぎEconom."」ゴ
.

詔1CS
o
巴

Shor卜termShorトtemShor卜termLong-term

powerstockeconomicspowerdemand

demandprices

o匹
LocalEarthquakesGeneralweather

Natural weather

phenom一 Creationof
ena env口O㎜ental

models

VowelsUnspecificspeaker:Specificspeaker'svocabulary

Voice 26wordsvoicerecognition

口Charac－呂

ters

「
HandwrittenKana-kanjiconversion4000printedkanji

numerals&300handwritteπka功i

'目
alphabet

邑o
O
O
O Simplenoise2-dimensionalMedicalimages
」
－
F－
〇

elim㎞ationopticalflow

AutomaIictarget
已
烏

・ ・

recognltlon
らI
mages O句ectshapeSemiconductor

・,..
recognltlontestmgequlpment

Conceptformation

ExロactionofCubicviewImageImageunder-

characteristicsrestorationstandil19

石
InversekillematicsSensorfusion

b
田
oo

ManipulatorAutonomousautomobile

Inversedynamicsorbitplan

JudgmentofhomonymsTranslationof
冒=
oo-・〔

tec㎞icaldocumentsPersonaldiction訂yC
o㎜on

e呈出2 dictionaryLarge-scalerulebase

OthelloGameof``go"

ll{1

102 103 104 105
■ ・ ・ . ■ ●

Figure1.NeuralNetworkApplications

JCQNo.89,1992 26



Howtorealizehighspeedprocessingona

neuralnetworkisanotherimportantsubject.

Today,neuralnetworksareconstructedon

conventionaltypecomputers,andexecuted

throughsimulation.Simulationspeedisvery

low,especiallyonlargenetworks.This

problemwillprobablybesubstantiallysolved

bygeneralpurPosesuper-parallelcomputers.

ButwhencoStandthescaleofintegrationare

considered,itwillbedesirabletohavespecial

hardware.

Inthisprogram,wewillexplorethepossibili-

tiesforlargeneuralnetworkstocreateflex-

ibleinformationprocessingsystemsthatcan

operateintherealworld.Wewillalsocon-

structaneuralsystemmadeupofhardware

andsoftwarebasedonanewneuralmodel.

Theneuralmodelwewillworkonunderthis

programmustbecapableoflearningnew

knowledgethroughinteractionwiththeout-

sideworldandchangingitsownstructure

adaptively.Furthermore,itisexpectedthat

thehardwaresystemwillsupPortonemillion

neuralnetworkunitsandthatitwillrealizea

processingspeedoflOTCUPS(TeraCon-

nectionsUpdatesPerSecond).Inthefinal

stage,theneuralsystemwillbeintegrated

withasuper-parallelsystemtomakeflexible

informationprocessingareality.

2.ResearchSubjects

2.1NeuralModels

Inthisproject,wearetryingtodevelopanew

neuralmodelforimplementingafiexiblein-

formationsystem.Aflexibleinformation

systemcanbeimplementedusingalarge

neuralnetworkthatchangesitsownstructure

adaptivelythroughinteractionwiththereal

world.Thenetworkgrowsdynamicallyinthe

realworldthroughreceivinghelpfrom

teachersorthroughlearningandself-organi-

zation.Butasitgrows,itmustnotforgetthe

knowledgeitalreadyhas.Torealizethese

capabilities,thefollowingfieldsofresearch

areconsideredtobeessential:

1.Neuronunitmodel

Simpleneuronunitmodelshavesofar

beenusedwithsuccessinlimitedareas.

Butmoreadvancedprocessingdemands

thatamoresophisticatedneuronmodelbe

developed.Tobeginwith,thepossibilities

ofalready-proposedmodels,suchasthe

chaosneuronmodel,thecomplexnumber

neuronmodelandtheneuronlogicmodel,

mustbeevaluated.Atthesametime,

researchmustbedoneonnewneuronunit

models.

2.Modularizationandhierarchization

A .1argeneuralnetworkusedinthereal
worldmusthavefunctionsforinteracting

withtheextemalenvironmentandfor

changingthenetworkstructurethrough

adaptationandtraining.Inthesesitua-

tions,itneedstheabilitytoacquirenew

knowledgewithoutdestroyingtheknowl-

edgeitalreadyhasandtheabilitytofetch

informationefficiently.Tomeetthese

requirements,themodularizationand

hierarchizationofknowledgeareneces-

sary.Wemustdevelopadistributed

learningmethodandalearningcontrol

methodforthepurposeofrealizing

modularization,structuralizationand

functionalspecialization.Tothisend,the

followingsubjectswillhAvetobeconsid-

ered:
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●

Functionalspecializationthroughad-

aptationtotheexternalenvironment

andtheconstructionofhierarchical

structures

Theautonomousgrowthofneuralnet-

worksthr皿ghinteractionwiththereal

world

Modularizationwiththeuseofcentral-

izedordistributedcontrol

Interactionamongmodules

Techniquesforevaluatingmodulari-

zationandhierarchicalstructuralization

3.Leamingandself-organization

Realtimelearningisveryimportantinrea!

worldcomputing.Itisvita1,therefore,to

workoutaleamingmethodinwhichnew

knowledgecanbeaddedwithoutdestroy-

ingexistingknowledgeandexisting

knowledgecanbedeletedwhilemain-

tainingconsistency.Manylargeneural

networkshaverecursiveloops.Hierar-

chicalneuralnetworksarestronginspatial

patternrecognitionwhilerecurrentneural

networksareexpectedtobeeffectivefor

tlmepatternrecognltlonortlmepattern

creation.Recurrentneuralnetworkscan

alsobeappliedtooptimizationproblems

becausetheyhavefunctionsforsatisfying

constraints.Itisthoughtthattheywillplay

animportantroleforthenexttenyearsor

more.Thusitisvitaltoconstructalcarn-

ingandself-organizationmechanismfor

recurrentneuralnetworks.

Thetopologyandthesizeofanetworkare

amongthemostcriticalparametersinthe

determinationofitsabilitytobeappliedto

generalpurposes.LeamingProcedures

forconstructinganoptionalself-organiz-

ingnetworkmustbedeveloped.Sucha

networkmustbclargeenoughforprob-

lem-basedlearningandsmallenoughtobe

apPliedtogcneralpurposes.

4.Associativememory

Associationisoneofthebasicfunctions

createdbyneuralnctworks.Variousin-

formationsuchasspatialpatternsandtime

patternsismemorizeddistributivelyand

recalledontheprincipleofbestmatch.It

isnecessaryforustoclarifytheoretically

theprinciplesofthisassociativefunction

andtoworkoutanengineeringmechanism

toimplementthisfunction.

5.NewanalogcomputingPrinciplcs

Informationproccssingbyaneuralsystem

isbasedontheanalognonlincardynamics

oftheSystem.Wemustclarifytheprin-

ciplesofneuralsystcmanalogcomputing,

includingchaosdynamics,fromthispoint

ofview.

6.Integrationofdifferentparadigms

Researchmustbedoneonmodelsforinte-

grationofdlfferentparadigms.Forex-

ample,theintegrationofaneuralnetwork

andlogicalprocessing,andthecombina-

tionof・patternprocessingandsymbol

processingwillberequiredfortheimple-

mentationofaneuralsystem.IntegratiOn

modelsmustbeexccutedinaparallel

processingenvironment.Theinput!ou1-

putexpressionswillfunctionasinterfaces

whendifferentparadigmsareintcgrated.

Thustheselectionoftheinput/outputex-

pressionsfortheneuralnetworkwillsub-

stantiallyaffecttheprocessingperform-

anceofthenetwork.Inthedevelopmentof
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aneuralsystem,therefore,itwillbeim-

portanttodoresearchoninput/outputex-

pressionsbothfromatheoreticalstand-

pointandfromanexperimentalstand-

point.

2.2NeuralSystemHardware

Thehardwareoftheneuralsystemmustsup-

portalargeneuralnetworkthatismodularized

sothatitchangesitsstructureadaptively

throughinteractionwiththeextemalenviron-

ment.Theneuralsystemisexpectedtoproc-

essanetworkonthescaleofonemillionunits

athighspeed,anetworkmadeupofalarge

numberofsub-neuralnetworksinwhich

thousandsofneuronsarecompletelycon.

nected.Thetargetprocessingspeedis

lOTCUPS(TeraConnectionsUpdatesPer

Second).Inthedesignofspecialhardware,

generalpurpose,extensiblemechanismsmust

beincorporatedpartlybecausewedonothave

asufficientlyclearneuralnetworkmodelat

presentandpartlybecausevariousothernew

modelswillbeunveiledinthefuture.Inthe

earlystagesofthisresearchprogram,research

mustbedoneonavarietyofarchitectures.

Hardwareforneuralsystemscanbeclassified

intothefollowingthreetypes:

●

●

Neuro-accelerators

VLSIneuro-chips

Engineeringimplementationofneural

networks

izesIGCPUS.AVLSIneuro-chipisthe

hardwareforneuronunitsthatsimulatea

neuronunitmodeLThedomainofneuro-chip

architecturcsissowidethatitrangesfrom

digitalprocessingchipstoanalogProcessing

chips.Theenginccringimplementaionofa

neuralnetworkisthethirdapproachinwhich

thefunctionsoftheneuralnetworkareim-

plerpentedthroughhardwarelogicengineer-

ingtechniques,withouttheuseofaneuron

unitmodel.

Theserespectiveapproachescannotbecom-

paredsinceeachoneisuniqueintermsof

learningability,scalabilityandsoon.Forour

neuralsystem,wewillfocusourattentionon

thesecondandthethirdapproach.Thefol-

lowingchoicesareavailable:

1.Digitalcircuitneuro-chips

Digitalcircuitshaveanumberofadvan-

tages,suchashighnoiseresistanceand

highprocessingaccuracy.Theyaresuit-

ableforstableprocessinginalargesys-

tem.Wecandirectlyapplycomputer

manufacturingtechnologytothefabrica-

tionofdigitalncuro-circuits.Inaddition

totheconventionalapProach,alarge

numberofvariationsusingthepulseden-

sitymodelorthelikehavebeenproposed.

ItisalsoanticipatedthattheseapProaches

mayproducencwneuro-chippossibilities.

2.Analogcircuitneuro-chips

Aneuro-acceleratorconsistsofspecialparal-

lelprocessorsdevelopedforneuralnetwork

processing.Alargenumberofarchitectures

forthishavebeenproposed.Inatypical

architecture,aneuro-acceleratorismadeup

ofhundredsofelementprocessorsandrea1－

Bccauseithasfeweroperationcircuits,

ananalogsystcmmakesitpossibletore-

ducethchardwarcvolume.Thisisavery

attractivefactorin[hedevelopmentofa

largenetwork.Moreover,analogcircuits

havcpotentialfortheimplementationof
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dynamicnetworksandcomplexneural

networkssuchasthechaosneuronnet-

work.

3.Hybridneuro-chips

2.3NeuralSystemSot'tware

Avarietyofneuralsoftwaresystemsarere-

quiredforneuralsystemresearchanddevel-

opment・

ItisalsoPOssibletoconsidertheuseof

hybridneuro-chips,whichcombinethe

strengthsofbothdigitalandanalogneuro-

chips.

4.Engineeringimplementation

Theneuro-chipsmentionedabovearede-

signedtoimplementaneuronunitmodel

directly.Ontheotherhand,thereisan-

other,completelydifferentapproachtothe

implementationofthefunctionsofaneu-

ralnetwork.Thisapproachuseslogic

hardwarethatdoesnotsimulateaneuron

unitmodeLSuchasystemisconstructed

throughtherepetitionofsimplelogiccir-

cuits.

1.Simulationsystem

Thesimulalionsystemisanimportanttool

intheresearchanddevelopmentofneural

networks.Mostneuralnetworkresearchers

havetheirownuniquesimulators.A

flcxible,generalpurposeneuralsimulator

forlargcneuralnetworkswouldbea

powerfultool.Amongtherequirements

forsuchasimulatoraremachineinde-

pendency,extensibility,convenientuser

interface,highspeedandalargenumberof

utilityroutines.Itisalsodesirablethat

suchasimulatorhavemathematical

analysistoolsdesignedtocontrolthe

convergenceandothercharacteristicsof

individualnetworks.

Inaneuralsystem,allneuronsfundamentally

exchangeactivevaluesamongthemselves.

Theinterconnectionnetworkarchitectureis

animpOrtantpointindesign.Atimemultiplex

systemorafrequencymultiplexsystemare

possiblesolutionstothisproblem.Thedesign

ofconnectionnetworksiscloselyrelatedto

packagingtechnology.Thebandwidthof

connectionnetworksisdeterminedbyre-

strictionsonthenumberofpinsonchipsand

boards.Thetechnologiestosolvethisprob-

lemwillincludeintegrationonthewaferscale,

three-dimensionalarchitectureandoptical

technology.CAD,siliconcompilersandsoon

arealsoconsideredtobeimportantdesign

tools.

2.Neuralnetworklanguage

Neuralnetworkprocessingshouldbede-

scribedusingahighlevellanguage.The

designofsuchalanguagedemandsthat

researchonthefollowingresearchand

developmcntthcmesbepursued:

Expressionofambiguousinformation

DescriptionofbestmatchoperationS

Integrationwithlogicprograms

Integrationwithsimulators

3.Operatingsystem

Thenumbcrofhardwareneuronsisgen-

erallysmallerthanthenumberofneurons

intheneuralnetwork.Therefore,avirtual
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mechanismtofillinthisgapisanimpor-

tantpartofaneuralsystem.

・Mechanismformappingtheneural

networkonthehardware

・Schedulingofresources

2.41ntegrationwithaSuper・parallel

System

Itishighlyprobablethataneuralsystemwill

be'oneoftheprocessorsfbrsuchspecific

purPosesaspatternrecogn1ロon,assoclatlve

memoryandthepursuitofoptimalcombina-

tions.Thisautomaticallymeansthattheneural

systemwillbecombinedorintegratedwith

othersystems.Theformsofintegrationwith

othersystemsrangefromcloseconnectionto

looseconnection.Thefollowingformsof

integrationhavealreadybeenproposed.An

exampleofcloseconnection:theneuralsystem

isconnectedasanassociativememorytoan

elementprocessorofas叩er-parallelsystem.

Anexampleoflooseconnection:super-par-

allelprocessorsthrowproblemssuchasopti-

mizationproblemstotheneuralsystem.

3.ResearchSchedules

Thedevelopmentoftheneuralsystemisdi-

videdintotwostages,theearlystageandthe

latestage.Intheearlystage,wewillresearch

awiderangeofapproacheswithaviewto

expandingthetheoretical,modelandhard-

warearchitecturepossibilities.Forhardware,

wewillconstructaprototypesystemthatcan

functionasatestbedforexperimentsonnew

functionsinthelatestage.Inthelatestage,we

willmakeourtheoryandmodelmoreso-

phisticatedonthebasisoftheresultsinthe

earlystage.Atthesametime,wewillconstruct

afinalsystemonthescaleofonemillion皿its

byutilizingourexperiencewiththeprototype.

Thefinalsystemwillbeintegratedwitha

super-parallelsystem.Anumberofapplica-

tionsystemswillbemountedonitforevalu-

ationofthetotalsystem.

4.Conclusion

Intheneuralnetworkfield,futurevisibilityis

quitelow.Someresearcherssaythefieldwill

bedefuncttenyearsfromnowwhileothers

thinkitistheonlyfieldinwhichanew

informationprocessingbreakthroughiscon-

ceivable.Forthisreason,researchonneural

systemsisbothchallengingandexciting.

Progressinscienceandtechnologyissorapid

thatitisdifficulttopredictwhatthesituation

willbetenyearsfromnow.Inagoodsense,

thismeansthatwecanexpecttha日hisre-

searchplanwillberewritteninthefutureso

thatwecanprogressinamorefruitfuldirec-

tion.
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1.Introduction

Anopticalcomputercanbedefinedasa

machinethatuseslightfbrthetransmission

andprocessingofinformation.Thisdefinition

issymmetricaltothedefinitionofanelec-

troniccomputer,whichuseselectronsforthe

transmissionandprocessingofinformation.

Thenwhyareopticalcomputersdrawinga

greatdealofattentiontoday?Itisbecauseby

usinglightasamediumofinformation,an

opticalcomputermaybeabletoactualize

formsofinformationprocessingthatarehard

toaccomplishwithanelectroniccomputer.

2.LightasaMediumofTransmitting

Information

2.11nformationTransmissionCapacity

Asanexample,1et'scomparetheinformation

transmissioncapacityofsGHzelectricwaves

and500THzvisiblelight.Sincethevolume

ofinformationcarriedbyanelectromagnetic

waveisgenerallyproportionaltoitsfrequency,

theinformationtransmissioncapacityoflight

isinprinciplefiveordersofmagnitudegreater

thanthatofelectricwaves.

Leピsalsocomparethetwointermsof

informationtransmissioncapacityperunitof

cross-sectionalarea.Sincewaveguidecross－

sectionalareaisproportionaltothesquareof

thewavelength,theinformationtransmission

capacityoflightperunitofcro⑨s-sectional

areaistenordersofmagnitudelargerthanthat

ofelectricwavcs.Asaresult,thedifference

betw㏄nthcinformationtransmissioncapacity

oflightandthatofelectricwavesisexpressed

bythevolumetricratioshowninFigurel.

2.2FlexibleConnectivity

Amajorfeaωreoflightisitsflexible

connectivity,whichresultsfromitsshort

wavelengths.Theshortwavelengthsoflight

makesitpossibletogeneratebeamsthathave

excellentdirectivityinpropagationthrough

space.Lightalsoenablesbroadcasttype

仕ansmissionsfromonepointtomanypoints

byuseoflensesandone-to-oneconnections

betweenmutuallyremoteultra-smaUareas.

Incontrast,duetoitslongwavelength,an

electricwavecanbeuscdonlyasameansof

informationtransmig.sionofthebroadcasttype.

Let'sthenmakeacomparisonwithrespectto

transmissionpaths.Electricwiringconsists

ofconductors,andinter-wirecrosstalk

proportionaltothesignalfrequencyoccurs

throughthemediumofdistributedcapacitance.

Crosstalkalsooccursbctweenopticallines

butitisnotrelatedtothesignalfrequency.

Thusopticallinesenableultra-highspeed

signaltransmissionaswellasmoreflexible
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LightandElectricWaves

connectionsthroughcombinationwithoptical

switching.

3.LightasaMediumofProcessing

Information

devicesislimitedbythemovementofthe

electronsinthescmiconductor.Underthese

circumstances,theopcratingspeedofoptical

deviceswillnotbegreatlyhigherthanthatof

electエonicdevices.

3.2ParallelProcessing

3.10peratingSpeedsofOptical

Elements

Themaximumoperatingspeedofelectronic

elementshasbynowreachedtheorderof

severalpicoseconds.Butitisstillthoughtthat

itwillbedifficuluoimplementsub-picosecond

operatingspeeds.Theextenttowhichtherate

ofopticalpulsescanbeincreasedisdetermined

bytheuncertaintyprincipleoftimeandenergy.

Themaximumisconsideredtobel

femtosecondin【hecaseofvisiblelight.But

wedonothavethetechnologytocontrolsuch

highspeedopticalpulses.Inviewofinte-

gration,themaintypesofopticaldevicesthat

willbeusedinthefuturewillbesemiconductor

devices.Theoperatingspeedofsemiconductor

Oneofthemainfeaturesofopticalprocessing

isitsParallelprocessingpotentiaLFigure2

showsanimageofanopticalcomputing

system.Thebasiccomputingprocess,witha

feedbackloop,isthesameasthatofan

electroniccomputer.Inthisprocess,however,

informationwithspatialexpanseisentered

directlyandalltheindividualunitsof

informationpropagatethroughthesystem

simultaneouslyandinparalleLNowlet's

makeacomparisonwithrespecttothedegrce

ofintegrationofthcelementtechnologiesthat

makeupthesystem.Theminimumsizeof

opticalelemcntsishmitedbythewavelength

oflight,whereastheminimumsizeofelec-

tronicelcmentsisdetcrminedbythewave－
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Figure2.ImageofOpticalComputingSystem

lengthofelectronwaves.Thusthelimittothe

degreeofintegrationofelementsperunitarea

ishigherinthecaseofelectronicelements.

Butathree-dimensionalsystemsuchasthe

oneshowninFigure2canbemoreeasily

stlcturedwithanopticalsystem,whichcan

usespacepropagation,thanwithelectronic

circuits,whichrequireactualwiring,Also,

whiletheinformationhandledbyanelectronic

systemmustinprinciplebetimesignals,an

opticalsystemcandirectlyhandlenotonly

timesignalsbutalsoinformationthathas

spatialexpanseorexpansealongthe

wavelengthaxis.Withanopticalsystem,

therefore,wecanexpectthemultidimensional

processingofmultidimensionalinformation.

4.OpticalDeviceTechnology

OpticaltechnologyissupPortedbyoptical

devigetechnology.Justasthebasicfunc-

tionaldevicethatsupPortselectronicsisthe

transistor,thebasicfunctionaldevicethat

supPortsopticaltechnologyistheoptical

症ansistor.Theimportantfactorinoptical

technologyistherelationbetweenlightand

electrons.Electronswillplaysomekindof

roleintheoperationofopticaldevices.

Therefore,anopticaltransistorshouldmore

preciselybecalledanoptoelecぽonic(OE)

transistor.Figure3showstheclassificationof

two-andthree-terminaldevlcesusingelec－

仕icity(E)andlight(0)asinput/outputter-

minals.Thecombinationoflightandel㏄trons

providesawidcvarietyofdevicestrucωres

andfunctions.Itisseeninthisclassification

thatpurelyelecロonicdcvicesandpurelyop-

ticaldevicesmakeuponlyapartofthetotal

rangeofOptoelectronicdevices.Asforthe

0

0→0

0→00→O

WaveguideMOdulat輌 ㎝Switch

OpticalI)evices

OOO

O→EE→O

O→EO→EE→OE→O

LightrecclvmgdeviceLightemitlingdevice

OptoeLectronicDevices

E→E

E→E

DiodeTransistor

ElectronicDevices

Figure3.OptoelectronicTwoandThreeTerminalDevices
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informationhandled,electricterminalscan

handleonlytimesignals,duetotheirprinciple

ofoperation,whileopticalterminalscanhan-

dlenotonlytimesignalsbutalsoinformation

thathasspatialexpanseorexpansealongthe

wavelengthaxis.OEtransistorswillbeinte-

gratedintooptoelectronicIC,(OEIC).As

theyareimproved,OEICswillmakeitpossible

toconstructoptical⑨ystems[1,2].

5.RWCandOpticalTechnology

Thetargetofrealworldcomputing(RWC)

programsistorealize"flexibleinformation

processing."Basedonthepremisethatlogi-

calinformationprocessingandintuitivein-

forrnationprocessingcanbeintegrated,the

goalistoreplaceconventionalsequentialin-

formationprocessingwithflexibleinf()rmation

processing,andtodevelopnewfbrmsofin-

formationprocessingmarkedbジdistribution

andcooperatioバorby"parallelismand

flexibility."Theimplementationofflexible

informationprocessingwillrequireameans

ofrealizingtheflowandprocessingofhuge

volumesofinfomation.

TheroleofopticaltechnologyinRWCisto

providethetoolsnecessaryfortheimple-
mentationoftheinformationparadigmsaimed

forinRWCbytakingadvantageofthefeatures

oflightasamediumofinformation,thatis,

hugeinformationtransmissioncapacity,

massivelyparalleloperationandflexible

conneCUvlty.

interconnectionisatechnicalissuerelatedto

smoothingoutthetlowofinformationinin-

formationsystems.Atthesametime,itisa

partofthebasictechnologyrequiredforthe

constructionofbothopticalneurosystemsand

opticaldigitalsystems.Theoptical

neurosystemcanbepositionedasasystem

technologythatuseslighttoaccomplishthe

super-distributedprocessingofinformation

aimedforinRWC,whiletheopticaldigital

systemisviewedasasystemtechnologyto

uselighttoaccomplishmassivelyparallel

processing.Figure4illustratestherelation-

shipsbetweennewinformationprocessing

(RWC)andopticaltechnology.

5.10pticalInterconnection

Today'selectroniccomputersaresupported

bysilicondevicetechnology,andthe

processingspeedsofthedevicesthemselves

havebeenrisingyearbyyear.Butalongwith

thisprogressinthecombinationandparallel

operationofsystems,systemperformancehas

cometobeaffectedtoalargeextentbythe

timerequiredfortheconveyanceof

informationwithinsystems.Asaresult,

communicationbottlenecksarenowamajor

obstacletoimprovingtheperformanceof

informationsystems.

Opticalinterconnectionisawaytosolvethese

shortcomingsofelectricwiringbymeansof

thehugeinformationtransmissioncapacity

andtheflexibleconncctivityoflight.

5.20pticalNeur《)systems

IntheRWCprogram,thetasksinvolvedinthe

developmentofopticaltechnologycanbe

dividedintothreemajorcategories;'optical

interconnection,opticalneuralsystemsand

opticaldigitalsystems.Optical

Theaimofdevelopingopticalneurosystems

istomaterializethesameinformation

processingProcessesasperformedinimage

recognitionbythehumanvisualsYstemandin
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Figllre4.RelationshipbetweenNewInformationPr《)cessingandOpticalTechnology

theassociation,leaming,intuitivejudgment

andotherfunctionsofthehumanbrainby

utilizinglight-usingneuralnetworksandthe

uniquephysicalpropertiesoflight.In

principle,lightpermitsmassivelyparallel

operationsandhighdensitywiring,whichare

consideredtobepromisingtechnological

advantagesforthelargeneuralsystemsofthe

future.

5.30pticalDigitalSystems

Opticaldigitaltechnologywillnotcompete

withelectroniccomputersforhigher

performanceinthesamearena.Instead,the

aimistodevelopnewaspectsofoptical

info1mationprocessingtechnology,whichhas

conventionallycenteredonanaloghandling

ofinformation,thr皿ghthedirectdigital

processingofopticalinformation.Thisis

consideredtobeapromisinggeneralpurpose

technologythatcanimprovethelevelofoptical

technologyasawho}e、

Basedonthecombinationofthemassive

paralleloperabilityoflightandtheprinciples

oflogicoperations,thepurposeofdeveloping

opticaldigitalsystemsistodevelopthe

technologyforthehighspeed,precise

processingofinformationwithacertain

expanse,suchasimageinformation,aswellas

wavelengthinformation.

6.Conclusion

Oneproblemwithopticaltechnologyisthatin

spiteofthepotentialitiesoflightasamedium

ofinformation,thedevicetechnologies

requiredforrealizingthosepotentialitiesare

ingeneralimmature.Underthepresent

circumstances,therefore,peopleresearching
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opticalcomputingarchitecturesarehavinga

greatdealofdifficultyinsecuringtheoptical

devicetechnologiestheyneedwhilepeople

involvedinopticaldevicedevelopmentcan

hardlyspareanytimeandenergyonresearch

intoopticalcomputingarchitectureduetothe

difficultiesofhardwaredevelopment.

TheRWCprogramsareintendedtoforma

commonplatformforexpeditingexchanges

betweenthesetwogroupsofpeopleandto

therebymakeflexibleinformationprocessing

thatutilizesthepotcntialitiesoflightareality.
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RWCRelatedTechnologies

(1)VirtualReality
MichitakaHirose

AssociateProfessor

Dept.ofMechano-lnformatics
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1.lntroduction

Virtualrealityisthetechnologyforgenerat-

ingavirtualspacearoundthehumanbeingby

presentinginformationsynthesizedbycom-

putersdirectlytothehumansenseorgans.

Ino血erwords,itprovidesanadvancedhuman

interfacethatcanpresentsuchagreatdealof

informationtotheusersthatitcausesthemto

feelthatthosesurroundingsarereality.

Inthissense,thistechnologyisverysugges-

tiveofwhattherelationshipofthenewgen-

erationofcomputerstohumansshouldbeand

whatforminputsandoutputsshouldtake.

Upuntilthefirsthalfofthe1980s,research

anddevelopmenteffortsoncomputershad

primarilybeencenteredonimprovementin

performanceofthecomputeritself.Inrecent

years,however,muchimportancehasalso

cometobeattachedtotheoverallstateof

humanandcomputertechnologyforinter-

facingcomputerstotheextemalworld,thatis,

tohumaninterfacetechnology.Attheback-

groundofthistendencyistheideathatno

matterhowadvancedtheinformation

processingPerformedincomputersis,itis

completelymeaninglessifitisnotconveyed

topeople.

Thefirstpointofnoveltythatvirtualreality

hascanbeexpressedbytheterm``senseof

reality"or"existence".Presentingthree-di-

mensionalimagesthatarequitelikeactual

things,enablinglheobserversthemselvesto

entertheworldoftheimage,andusingnot

onlyimagesandsoundsbutalsotheother

sensessuchasfeelarepartofthenovelty

uniquetovirtualreality.Asecondpointof

noveltyisthatadisplayedobjectcanbeviewed

fromvariousdirectionsandcanbepickedup.

Thatis,asecondcharacteristicishavingan

interactiveelementinwhichtheobservernot

onlycanreceiveinformationfromthesystem,

butcanalsOpositivelyinfluenceit.

Thesetwoelementsadduptothecomposition

ofasenSeofshallowreality.Butwhcna

deepersenseofrealityistobecreated,a

simulativeelementisrequiredasathirdele-

ment.Inotherwords,itmustbepossibleto

depicteventsinthevirtualworldthathave

consistencyandcoherence,suchaseventsin

whichavirtualobjectthrownupintheair

bouncesbackuponbumpingagainstanother

virtualobject.

Thetechnologyofvirtualrealityisbasedon

thesolidfusionofthesethreeelements.Then,

whatkindsqfsystemsarenecessarytomake

thesethingspossible?First,avarietyofdis-

playsarenecessarytoprcsentinformationto

thevariousscnseorgans.Second,inorderto

implementinteractivencss,asystemisrequired
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thatcandirectlyenterconsciousanduncon-

scioushumanactionsintOthecomputer.Third,

asystemthatdefinescertainkindsofcausal

relationsisnecessaryfbrconnectingthedis-

playsandtheinputsystem.Thesethreesys-

temsareexplainedbelow.Casesfromthe

author'sresearchareofferedasexamples

whenneeded.

2.ImplementationofVirtualReality

System

(1)lnputsystem

Aninputsystemisrequiredtoimplement

interactiveness,ortoenableapersontowork

pOsitivelyonthesystem.Themosttypical

inputsystemisprobablythesystemcalleda
``DataGlove"(Figure1) .TheDataGloveuses

theprinciplethatthelighttransmittanceof

opticalfibersattachedtothefingerswillchange

asthefingersarebent.Thisdevicemakesit

possibletohandleavirtualobjectpresentina

computerintuitively.

Besidesthis,inordertosupportmovementsin

spacecausedbylargeractionssuchaswalk-

ing,asystemcanbeusedthatenablesmove-

mentinalargevirtualspacebyusinghuman

motiononatreadmillasinput.Thissystem

wasoriginallydevelopedbytheUniversityof

NorthCarolina.Itisusefulinapplications

thatsimulatewalkingaroundinsidealarge

building,forexample.

Cablestopper

Opticalfibersensor

Magneticsensorfordetection

ofposi直ons/stanceslnspace

Figure1.DataGlove

(AproductofVPLCorp.)
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Inadditiontotheabove-mentionedsystcms

thatuseattacheddevices,varioussystemsof

complctelynon-attachingtypesarealsobeing

considered.Oneoftheseisasysteminwhich

thehumanbodyismonitoredwithavideo

cameraandthemotionsoftheindividualparts

ofthebodyaremeasuredthroughimage

processing.Inviewoftherecentprogressof

realtimeimageprocessingtechnology,this

fieldmayprovideopportunitiesforsubstan-

tialgrowth.

(2)Displaysystem

Nextthedisplays,ortheoutputsystem,willbc

described.Whatisrequiredofthedisplay

systemistheabilitytoproduccavisua}scn-

sation.Thequalityofthcindicatedcontents

is,ofcourse,animportantfactorinrealizing

thisability.Itisalsonccessarythatmostof

therangeofhumansensesbereplacedby

displays.

Aheadmountcddisplay(HMD)cansupport

bothawideviewingangleandawidelook-

aroundrange.Thusitiseffectiveforobtain-

ingahighdegrecofvisualreality.Thcuscrof

theHMDcantotallycntcrintotheworldof

thcimagc.ShowninFigurc2isasce-through

typcHMD.Thisdcviccmakesitpossiblcto

implemcntthcfusionofthevirtualworldand

the'visibleworld.

＼.

Figure2.See-throughHMD

(TheUniversity《,fToky〔})
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Substantialdownsizingisnecessaryformak-

ingthepracticaluseoftheHMDpossible.For

thispurpose,itwillbevitaltodevelopvcry

small,bighlyaccuratedisplaydevices.The

liquidcrystaldisplay(LCD)isconsideredto

bemostpromisingcandidateforthisapplica-

tion.AsshowninFigure3,forexample,itis

nowpossibletofabricateafairlysmallHMD

(160gw).Byworldstandards,theLCDtech-
nologyofJapanisatahighlevel,andJapanis

expectedtoplayaleadingroleinthisfield.

Thesounddisplaycanbethefirsttypeof

sensorydisplaytoconsidzerinadditiontothe

visualdisplay.Usingheadphones,thereare

systemsthatcanpositionasoundimageatany

pointinathree-dimensionalspace.

Thesystcmisdcsignedtorcproducethe

transferfunctionatthetimewhensoundwaves

fromasoundsourcereachtheeardrumin

actualspacebycomputcronarealtimebasis.

Theexecutionofsuchcomplexcalculations

inrealtimeowesagreatdcaltothediffusion

ofdigitalsignalprocessors(DSP).

Thereisnodefinitivetechnologyasyetwith

respecttothcsenseoftouch.Asanexample,

Figure4showsamocksurfacetechniquein

whichasurfacethatdocsnotactuallyexistis

expressedbymovingasmallpartforsurface

presentationtogetherwiththefingertip.Us-

ingarectangularcoordinatemanipulatorthat

opera【esatasufficicntlyhighspeed,this

tcchniqucmakesitpossibletopresentasmall

ン,隻

滋

s烈＼w×

シパ ニ'

蘂

灘

Figure3.Smal]HMD

(TheUniversityofT《)kyo)
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Figure4.OperationofPuttingaVirtualObjectintoaHole

(TheUniversityofTokyo)

FigureS.Visualization《)fS《)ftware

(TheUniversityofTokyo&TokyoElectricPowerC《)mpany)
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tangentplanenearanobjectwhenitssurface

isapproachedbythefinger.

dispensablctechnicalelementfortheimple-

mentatiOnOfvirtualrea]ity.

Thesystemshownhereiscalledvirtualho-

10graphy.Thevisualdisplaythatisusedisa

stereodisplaywithaliquidcrystalshutterfor

head-linkeddisplay.Thethree-dimensional

imageitgeneratesisdisplayedbeforetheeyes

withahalfmirror.Byusingthissystem,we

cangraspholdofaCADmodelinsidea

computerandcheck,forexample,thepossi-

bilityofassemblingtwoormoreparts.

(3)Simulationsystem

Aftertheinterfacedevicesdescribedabove

arereadied,softwarewillberequiredtodrive

them.Thissoftwarewillincludeadatabaseto

definetheshapeoftheobjectsthatexistinside

thevirtualworld.Thisshapedatabasewillbe

muchthesameastheshapedatabaseusedfor

ordinaryCADsystems.

Inaddition,weneedagroupofproceduresto

describeandsimulatefunctionalaspects,such

asconstraintsamongobjects(e.9.themotion

ofanobjectonarailisrestrictedtoone-

dimensionalmotion,andobjectscannotenter

intootherobjects)andtherulesthatgovern

themotionofobjects(e.9.anobjectfalls

undergravity,andanelasticbodyrebounds

uponbumpingagainstawall).

Thetechnicaldifficultyliesinrunningallthis

complexsoftwareonareanimebasis.When

asomewhatcomplexvirtualworldistobe

generated,suchforcheckingofcomplexlaws

oftheworldorgenerating``rea1"images,a

volumeofcalculationsthatfare支ceedsthe

capabilitiesofexistingcomputersmustbe

performed.Therefore,super-parallelandsu-

per-distributedcomputerhardwareisanin－

3.VirtualRealityasaVisualization

Technology

Withthesetools,virtualrealitysystemsare

expectcdtobeusedinawidevarietyof

applications.Theapplicationconsideredmost

promisingisthevisualizationofinformation.

Forexamplc,itwiHbecomepossibletopro-

poseasystemthatisonestepaheadofcon-

ventionalCADsystems.InconstructionCAD,

forexample,theconventionaltechnology

cannotpossiblyexpressvividlyhowfrighten-

ingitistolookdownfromthetopofaslope

withagradientof30degrees.

Further,aidedbycomputer,itwillbepossible

tosynthesizethingsthatcannotbeseenwith

thenakedeye.Softwareitselfisatypical

exampleofsuchthings.Ateamsetupjointly

bytheTokyoElectricPowerCo.,Ltd.andthe

UniversityofTokyoistryingtodevelopa

systemtovisualizelargescalesoftware.his

extremelydifficulttograspthetotalscopeof

largescalesoftware.Amacroscopicmethod-

ologyhasbeenpresentedforthissystem.

Thismethodologyisquitedifferentfromthe

microscopicmethodologystudiedinsoftware

engineeringtoday.Thatis,asshowninFig-

ure5,effortsaremadctovisualizesoftware,

whichcannotactuallybeseen,withtheuseof

virtualspace.

4.Conclusion

Onemajorfeatureofthctechnologyofvirtual

realityisthatitpresentsanewmethodology

forpositivelyusingtheinformationprocess-

ingcapabilitiesofthepersonswhoarethe
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users,asoPPOsedtoconventionalcomputer

science,whichhasconbentratedprimarilyon

improvingtheperformanceofthecomputers

themselves.Inthissense,thistechnologyis

oneofthemostpromisingtechnologiesofthe

1990sandshouldbepursuedasanewfieldof

informationprocessingtcchnology.

、
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1.Introduction

Opticalcomputingisdrawlngattentlonasa

promisingcomputingmechanismforthefu-

ture.AsshowninFigurel,opticalcomputing

featureshighspeed,parallelism,highdensity

interconnections,andsoon.Opticalcomput-

ingisanattempttobreakthroughthelimitsof

thepresentcomputing,whichisbasedprima-

rilyontheconventionalelectronictechnolo-

gies.Ithaslongbeenpointedoutthatoptical
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computingispossibleinprinciple,butfew

opticalcomputingsystemshaveimplemented

todate,partlybecausetherearcfewparallel

algorithms,andpartlybecauseitisdifficultto

provideversat且lityinoperations.

Neurocomputingcanprovideopticalcom-

putingwithahighlypracticablearchitecture

thathasoperationalflexibility.Conversely,

thehighparallelismofopticalcomputingisa

veryattractivefeaturetobaseneurocomputing
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FigurelPossibilitiesofOpticalComputing
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Thispaperf㏄usesonthefusionofoptical

computing,parallellearning,andinformation

processinganddescribesitsstructureand

featuresthroughconcreteexamples.

Leamingmakesitpossibleforopticalcom-

puting,whichisotherwisclackinginfiexibil-
ity,toimplementanoperationalstructurethat

fitsanyspecificobjectofoperationorenvi-

ronment.

2.FeaturesofOpticalNeurocomputing

2.30pticalInterconnection

Conventionalcomputersexpressalogical

pr㏄edure(aprogram)inaseriesofoperational

structures.Incontrast,neurocomputlngem-

ploysthetechniqueofextendinganopera-

tionalstructurespatially.Itfeatureslarge

scaleparallelisminwhichaneuronmodelis

thebasicoperationalelementandleaming

mechanism.Theneuronmodelreplacesthe

programmodeHogenerateoperationalflex-

ibility.

Asamediumofinformation,lightfeatures

inter-signalincoherenceandawidebandin

additiontospatialparallclism.Moreover,itis

freefrominductivenoiseandcapacitivedelay,

anditrequiresnogrounding.Furthermore,it

permitshighdensityconnectionsinthedi-

rectionverticaltotheoperationplane.This

presentsastrikingcontrasttothewiringonthe

substrateorinsideofaLSIcircuit,whichis

confinedtoaplaneofopcration.

2.ILargeScaleParallelism

Itisamajortasktouseexistingcomputer

technologiesforlargescaleparallelprocess-

ing.Attentionisfocusedonthedevelopment

ofpracticaloperationaltechniquesthatcanbe

implementedparallely.

Thetechniqueofusinglight,whichprovides

theseadvantages,forcommunicationamong

operationalelemcntsiscalledopticalinter-

connection.Asidefromusinglightforthe

operationsthemselves,itcanalsobeusedto

interconnectelectroniccircuits.

Largescaleparallelneurocomputingrequires

anetworkthatusesalargenumberoflow

competancesingle-functionoperationalele-

ments(equivalenttoneurons)withparallel

highdensityconnections.

2.2Learning

Conventionalopticalcomputingcanutilize

intelligentprocessinginsuchspecificapPli-

cationsasFouriertransformationanalysis,

butitstillfallsshortinprovidingsuchversa-

tileoperationinanygivenrequiredopera-

tionalstructure.Ithasbeensaid,inparticular,

thatconceptualizingparallelalgorithmsisdif-

ficult.

2.4DirectProcessingoHmages

Oneofthemeritsinusinglightasamediumof

informationisthatitcanbeusedinthedirect

processingofexternalvisualinformation.It

isexp㏄ted,therefore,thatanintelligentsensor

thatcombinesadetectionmechanismwith

somesortofrecognitionmechanismcanbe

created.

3.ProposedSystems

Basedonsuchconcepts,alargenumberof

opticalneurocomputingsystems,especially

opticalassociativememorysystems,havebeen

proposedtodate.
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3.1RetinalChips

Withrespecttothedirectprocessingofvisual

information,C.Meadetal.haveproposeda
``siliconretina"inwhichlightsensorsand

computingelementsarecombinedonasilicon

chip.1)ItapProximatesaretinausingasilicon

chipthathassensorsandprocesslngclrcults.

Itconsistsoflightsensorsandsimpleanalog

electroniccircuits.UtsugiandIshikawaare

developingamethodtorepresentexternal

coordinatesystemsinternallywitharesist-

ancenetwork.2)

3.21mplementationoftheHopfield

Model

TheHopfieldmodelisacalculationmodelin

whichadynamicsystemismadebyfeeding

backtheoutputsofasingle-layernetworkto

itsinputs,andthesolutionofaproblemis

obtainedbyminimizingtheenergyofthe

system.

Farhat,Psaltis,etal.wercthefirsttopropose

anopticalparalleloperationcircuitthatis

designedtoimplementthemodeL3)Intheir

method,acommonopticalmatrixvectorop-

erationcircuitisusedandtheresultofan

electroniccircuit'sthresholdoperationoutput

isfedbacktotheinputside.Becausethe

intensityoflightisusedasthemediumof

information,negativevaluescannotbeex-

pressed.Therefore,positiveandnegative

memorymatricesarewrittentoseparatelyand

rcquireseparatepositiveandnegativeele-

ments.Then,deductionsaremadethroughan

electroniccircuit.Inthemeantime、OhtaetaL

haveimplemcntedtheHopfieldmodelby

developinganopticalneurochipthatinte-

gratcsanLEDarrayandaPDarray.4)Figure

2showsthischip.

Transparentinsulator

n-electrodeofdetectorarray

＼

GaAsline-shapedetectorarray

鰹 ・・ !
GaAsline-shape

emltterarray

1233132

Figure2111ustrativeschemeofGaAs/AIGaAsopticalsynapticchip
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4.ImplementationofLearning

Variousothersystemsusingholograms,opti-

caldisks,andelectronicneurochipshavebcen

proposed.However,mostofthemhaveno

self-1eamingmechanisms.Others,though

havingself-1eamingmechanisms,aremerely'

proposed.Fewsystemshavepreciselydem-

onstratedtheessenceofparallellearningand

informationprocessing.

Inrecentyears,however,Ishikawaetal.have

madeaprototypeofanopticalassociative

memorysystemwithlearningcapabilities5)

andconductedsomelearningexperimentSwith

it.6)・7)Withthissystemasanexample,the

creationofalearningmechanismwillbe

discussedbelow.

4.10pticalAssociatron

Ishikawaetal.havecreatedanopticalauro-

associativememorysystemwithaleaming

capabilitybyusingaspatiallightmodulator.

Theyhavenameditan"opticalassociatron."5}

Aspatiallightmodulatorisanopticaldevice

thatchangesthecontentsofmemorymatrices

asrequiredduringlearning.InatwO-dimen-

sionalopticalpattern,itpermitssuchoperations

aswrite,read,add,subtract,anderase.

Theopticalassociativememorysystemmust

makepositiveuseofopticalmatrixoperations

andthespatiallightmodulator'sanalogop-

erationandmemoryfunctions.Moreover,it

mustbestructuredsoasnottorequiretheuse

ofnegativevaluest

Inconsiderationofthesepoints,theoptical

associa1エonhasadaptedanorthogonallearn-

ingmethod.Thisisalearningmethodofthe

closedIooptype.Thismethodisbasedon

successiveleastsquarcapProximationsof

input/outputrelations.

Figure3showsthestructureoftheoptical

associatron.Allopticalsystemsarefirstcon-

ceived.Then,onlyIhemainparts(i.e.recall-

ingandlearningofmcmorymatrices)ofthe

systemareimplementedwithopticalopera-

tions,andtheotherpartsarereplacedby

computersandelectroniccircuits.Thatis,itis

ahybridsystem.Thespatiallightmodulator

lisusedtomcmorizcthememorymatrices

(16×16,analo9).Learningisdonethrougha

revisingthepatternprcscntedbythelight

em汕ngdiodel.Thefunctionofthespatial

lightmodulator2istoconvertthepatterninto

coherentlightasaninputpatternm叫iplcxed

intotheformthatfitsamemorymatrix.The

lightcreatedbytheintensitymodulationof

thememorymatricesthr皿ghthespatiallight

modulatorlisthenenteredintothespatial

lightmodulator2tobesubjectedtointensity

modulationandinputpatternformation.Thus

parallelmultiplyoperationsareperformed.

TheresultsaredetectedbythePTRforoutput

operatlon.

Inaneuralnetworkmodel,two-dimensional

patternsareusuallyconvertedintovector

expressionsbecauseinput/皿tputpatternsare

expressedinvectors.Inthesysteminques-

tion,however,two-dimcnsionalpatternscan

beoperatedonas[heyarcbyauniquespatial

codingmethod、Thenumberofneuronsisl6

whileinputsandoutputsarel6(4×4)-di-

mensional.

Figure4showsanexampleofamemory

matrixobtainedthroughthissystem'slearn-

ingprocess.Inthiscxamplc,thethreepattems

constitutesoneinstanceoflearning,andthe

recallingoutputshownisthercsultofapply－

JCQNo.89,1992 48



ingathresholdoperationtoananalogoutpuL

Figure4(a)showsaninstanceinwhichlearning

isstillinsufficient.Itisseenthatwiththe

progressoflearning,山ememorymatrix

changcsandtheoutputcomesclosertothe

correctpatternasshowninFigure4(b).

Inp田

Memorymatrix

i4

PTRanay

Deflectionplate

Parallelanalog

eleCtrOnicCirCuハt

〔 』LED・ ・n・…
Output

Figure30pticalAssociatron

Memorymatdx
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InputOutput
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三::→::;
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InPUtOutput

ロ　 　 　 ヒ　　 ロ

…曇…→ …ぐ;i

i三三;→i:三i
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Figure4Convergenceof'aMemoryMatrix
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4.2CombinationwithPrimaryOptical

Processing

Thisopticalassociatronisasingle-layernct-

work.Butwhenitisconnectedtothestage

followingconventionalopticaioperations,it

cangiveanincreasedflexibilitytooperation.

Asanexampleofsuchasystcm,Ishikawaet

al.useanexperimentalsysteminwhichoptical

Fouriertransformationsystemandtheoptical

associatronareconnected.7)Thiscombina-

tionmakesitpossibletosetoutputpatterns

freely,andtheFouriertransformationcan

makeitshiftinvariant.

4.3SignificanceofLearning

Thesignificanceofintroducingsuchlearning

liesfirstinthefactthatflexibleprocessingcan

beattainedasthepr㏄essingcircuititself

acquiresaprocessingfunctioninsteadof

havingitsprocessesdictatedbyanoutsidc

P「09「am・

Asecondpointofsignificanceisthatthe

nonuniformityofopticaldevicescanbecom-

pensatedfor.Opticaldevicesareaccompa-
niedbyvariousformsofnonuniformity.The

effectsofsuchnonuniformityarereflectcdon

outputvalues.Therefore,theuseofclosed

looptypelearning,suchasorthogonallearn-

ing,cancompensateforsuchnonunifOrmity

bytheformationofmemorymatrices.

5.Conclusion

Opticalncurocomputinghasalargenumbcr

ofproblemsyettobesolved.Practicallimits

mustbemadeclearwithrespecttospatial

parallelism,higherspccdsoroperation,and

downsizing.Itisalsoanimportanttaskinthe

futuretodevelopancwmethodoflearning.

Toimprovepcrformancc,itisvitaltodevelop

aneffectivemethodoflcarningthattakesthe

fcaturesoropticalcomputingintoconsidcra-

tion.
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CurrentNews

*NTTEntersSemiconductorMarket

NTTstartedmarketingLSIsforusewithin-

formationsystemsforsecurityprotection

throughitssubsidiary.UPuntilnow,NTT

entrustedcontractstooutsidemakerstopro-

duceLSIsbasedonNTT'sR&Dresultsand

procuredtheproductsforNTT'sbusiness.

However,thecorporationhasdecidedtosell

theLSIsforthepurposeofbrisinessstability

throughoutNTTGroupCompanies.

sellmorethanhalfofitssemiconductorsto

non-NTTcustomers.NTThashigh-level

semiconductortechnologieswhicharefocused

onthecommunicationsfield.Therefore,itis

thoughtthatNTT'snewentryintotheoutside

salesmarketwillhaveamajorimpactonthe

semiconductorindustrybothinJapanandthe

restoftheworld.

*1)ECandSeiko・EpsonReachAl}iance

AgreementinSmallComputerField

ThesubsidiaryisN'IrElectronicsTechnology.

Forthepresent,thecompanywillsellLSIsfor

securityprotectionthathavebeendeveloped

byNTT'sNetworkInformationSystems

Laboratories.Annualsalesareexpectedtobe

aroundseveralh皿dredmillionyen.AJapa-

nesemakerwillbeentrustedwithproducing

theLSIsonacommissionbasis,andanew

salesdepartmentwillbecreatedinthesub-

sidiaryforsalestonon-NTTcustomers.

Sinceitsinceptioninl982,NTTEIectronics

Technologyhasbeenresponsiblefordevelop-

mentandinstallationoffacilitiesfbrNTT'⑨

researchdepartments,andalsoforthedesign

andsalesofLSIsforcommunicationssystems

usedinindustry.Since1990thecompanyhas

beensellingsemiconductorsonatrialbasisto

anumberofmeasurementinstrumentmanu-

facturers.Currentsalesrevenueisabout6

billionyenperyear.Thecompanyplansto

DECandSeiko-Epsonhavereachedan

agreementinthefieldofsmallcomputers

centeringonPCs.Forthetimebeing,thetwo

companieswillgoforwardandjointlydevelop,

marketandsellproductsontheJapanese

market,andplantoeventuallyestablisha

joint-venturecompanyfornewbusiness

purposes.Aftersigningtheformalagreement,

NihonDEC,awholly-ownedsubsidiaryof

DEC,andEpsonwillorganizeajointproject

team,andembarkonjointproductdeveloP-

mentintheareaofPC-basedsmall-scale

networksystems.Thisallianceisintendedto

mutuallysupplementthestrengthsinproducts

andtechnologiesbetweenDEC,whoisstrong

insystemconstructionbasedonthemini-

computer,andEpsonwhohasexpertisein

low.costPCs.Theyplantobeginmarketing

productsusingsalesroutesofthetwocompa-

nieshalfwaythrough1992.Thereisalsothe

possibilitythatthesefirmswillformcoopera－
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tiverelationshipsoverseasifthisnewalliance

goeswelL

*NTTandKDDtoTieupforOverseas

BusineSS

*Japan
,UK,GermanyandFrance

CooperateinInternationalCommuni・

cationsService

BritishTelecom(BT),NTT,DBPTelekomof

GermanyandFranceTelecom(FT)have

reachedbasicagreementforcooperationin

thefieldofinternationalcommunication

servicesforbusinessuse.

Thefourcommoncarrierswillformaconsor-

tiumbymaklngaJolnt-equltymvestmentm

Syncordia,whichBTcreatedinl991asa

subsidiaryforinternationalcommunications

serviceintheUS.Syncordiaisacompany

specializingincommunicationsservices,

principallyformulti-nationalcorporation

customers.Thespecializedservicesinclude

design,constmctionandoperationofintra-

companycomrhunicationsnetworkswhich

connectforeignl㏄ationsallovertheworld.

Hereafter,thefourcommoncarrierswilldis-

cusstheequitypercentage,thescopeofman-

agementparticipation,etc.However,itis

forecastedthatthefinalequityratiowillbe

40%forBTand20%eachforNTT,DBP

TelekomandFT.Asoverseasadvancesby

companieshavebecomemoreactlve,lntra-

companycommunicationsnetworkshavegone

global,andthereforethishasbecomeaprom-

isingmarketforcarriers.Commoncarriersin

countrieshavecooperatedwitheachotherin

theareaofinternationalcommunicationsin

pastyears.Inexpectationofintensifying

competitioninthefuture,largecommoncar-

riersinJapan,theUSAandEuropehave

begungropingforplanstocooperateinthis

area.

NTTandKDDwiHcooperateinthefieldof

overseascommunicationsbusiness.Ascom-

municationsliberalizationprogressesona

globalscope,bothNTTandKDDhavebeen
invitedtoparticipateinthcprojectsofcoun-

tries,whoaimattheenhancementoftheir

communicationsbusinessthroughtheintro-

ductionofforeigncapital.Thesccountries

includethoseinSoutheastAsia,EastemEu-

rope,andtheCommunityoflndependentStates

(CIS).Undertheseprojects,corPoraUonsare

oftenrequestcdtomanagecommunlcatlons

operationsforboththedomesticandinterna-

tionalservices.Asithasbecomenecessaryto

haveanoperatingorganizationmanagedby

onecompany,NTTandKDDagreetocreatea

newjoint-venturecompany.Theythenforma

consortiumwithtradingcompanies,commu-

nicationsequipmentmanufacturers,etc.,and

participateininternationaltenders.Thecon-
sortiumwillbercsponsibleforfocusingon

consultingservices,fundraising,equipment

installationandcommunicationbusiness

managementofthenewjoint-venturecom-

pany.NTT,whoiseagertoenteronthe
intemationalcommunicationsfield,isaiming

alafull-scaleadvanceintotheinternational

communicationsmarket,andistakingthe

opportunitytodosothroughtheestablishment

ofthisnewcompany.

*IBMJapanClosesOrderwithSanwa

BankforLarge・ScaleComputer

System

IBMJapanhasclosedanorderwlththeSanwa

Bankfor"GlobalSystcm",anextgeneration

overseasoperationssystcmthatisscheduled

tobeoperationalinMarch1993.TwelveIBM
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mainframecomputerswmbeinstalledatsix

locationsworldwide,includingTokyo,New

YorkandLondon.Inaddition,550unitsof

RS16000workstationswithUNIX,about600

unitsofPS/55personalcomputers,etc.willbe

installedatabout5010cationsin27countries

worldwide.Workstationswillbeusedfor

dealingandtradingofforeignexchange,etc・

Thepersonalcomputerswillbeusedfbrac-

countsettlementsatbranches.

UnderthecurrentsystematSanwaBank,

medium-sizedcomputersareinstalledatma-

joroverseaslocations,whereaccount-related
businessandforeignexchangebusinessare

processedseparatelybylocation.However,

astheprocessingvolumehasincreased,the

bankhasdecidedtosubstantiallyincrease

volumecapacityandtoconstructaninte-

gratedsystemthatlinksoverseaslocationsby

network.

ThisisthefirsttimethatIBMJapanhas

successfullyclosedaUNIX-basedsystemwith

abank.Theorderamountisapprox.10billion

yen.Theorderforworkstationsisthelargest-

scalefortheentirelBMgroupworldwide.If

thesystemiscompleted,itwillbethelargest

24-hourintegratedjobprocessingsystemfor

abank'soverseassystem・
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