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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.
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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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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

JCQNo.89,1992 36



opticalcomputingarchitecturesarehavinga

greatdealofdifficultyinsecuringtheoptical

devicetechnologiestheyneedwhilepeople

involvedinopticaldevicedevelopmentcan

hardlyspareanytimeandenergyonresearch

intoopticalcomputingarchitectureduetothe

difficultiesofhardwaredevelopment.

TheRWCprogramsareintendedtoforma

commonplatformforexpeditingexchanges

betweenthesetwogroupsofpeopleandto

therebymakeflexibleinformationprocessing

thatutilizesthepotcntialitiesoflightareality.
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RWCRelatedTechnologies

(1)VirtualReality
MichitakaHirose

AssociateProfessor
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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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賢 ‖

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

奮
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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－
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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

;;i→i;

1三i→ 三i

三::→::;

号

(b)AftcrLearning20Times

InPUtOutput

ロ　 　 　 ヒ　　 ロ

…曇…→ …ぐ;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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