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Intheapplicationsofneuralnetworks，theproblemofdeterminlngthenumberofhiddenunits  
isverycrucial・Aneuralnetworkthatistoosmallwi11notbeabletolearnthedatawhileonethat  
isjustbigenoughmaylearnveryslowlyandbeverysensitivetoinitialconditionsandlearnlng  

algorithrns［1］．Theapproachtacklingthisproblemistotrainalargerthannecessarynetwork，and  

thenremoveunnecessarynodes．   

Thediscussioninthispaperiscontrainedtothemultilayerfeedforwardneuralnetworks，but  

theideacanalsobeappliedtoothersystems・   
Whenthenumberofthehiddenunitstobedeletedisknown，remOVlngtheseunitsamonga11  

hidden unitsis acombinatory problem．Ifthe numberislarge，tOSOIve the problemisvery time  

consumlng・Sothemethodproposedhereisastepbystepmethod，thatis，thewholeprocedure  

includesmanystepsandineachsteponlyoneunitiseliminat‘ed・   
IneachstepweRrstremoveahiddenunitaccordingtoaruleandthenappropriatelyadjustthe  

weightsincomlngintothesucceedinglayerfromthelayerincludingthedeletedunitexceptthose  
withthedeletedunitsoastopreservethenetwork，sperfbrmanceonthetrainlngSet・Denotethe  

setofunitsinthesucceedinglayerofahiddenunithby為，andthesetofunitsinthepreceding  

layerofhbyRh．Supposethattherearel，2，・・・，PtrainlngSamples，thecardinalityof凡isn，and  

thattheweightcomesfromunithtounitiiswhi，afterremovlngthehiddenunith，thesumofthe  

SquarederrorsoveritssucceedinglayerandthetrainlngSetis  

（1）  

姜針（功一′（m珊  
／  

wherenei3andneif arethenetinputoftheithunitinh’ssucceedinglayeronsamplejbefbre  
andafterremovingh，andf（・）istheactivationfunctionoftheneurons・Sincethetrainingsamples  

isknown，andtheparametersofthetrainedneuralnetworksis爪xed，（1）canbecomputedfbreach  

hiddenunit，rePreSentingtheimportanceofthehiddenunith．So，ifahiddenunithattainsthe  

minimumofthecriteriafunction（1），hshouldberemovedArst・Afterdeterminingtheunitremoved  

accordingto（1），theweightsenteringthe unitsinsucceedinglayerwillbe adjusted tokeepthe  

ouputsoftheseunitsremainlng航xed．Thisamountstorequlrlngthatthefblowlngrelationholds  

′（芸，ヰ′（ふ（刷）戎）  （2）  

for allj＝1，2，…，P，and∀i∈凡，・Where6ki’s are appropriate adjusting factors to be deter－  

mined．Therearepxnequations．Ingeneral，thenumberofvariablesismuchlessthantheoneof  

equations，andf（・）isnonliner，thustheproblemfbrmulatedfbrmsanonlinearleastsquareone・  
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SoIvingthenonlinearleastsquareproblemisverydifhcult・ConsiderthecasewheretheactiVa－  
tionfunctionisinvertable，（2）becomes  

∑明記＝  ∑（ひた汗古んi）戎・  

た∈凡  た∈凡－（ん）   

Simplealgebraicmanlpulationsyield  

勒粛）＝ ∑：砿粛）・  
た〔凡－†九）  

（3）  

（4）  

Tbsumup，ineachstep，Weidentifytheunittoberemovedinthenetwork亭CCrOdingto（1），andapply  

analgorithmtonnd6kiSthatsloIvesproblem（4）・Theprocessisiterateduntiltheperfbrmanceof  
thereducednetworkissatisfactorytothedesigner．   

In［3］therulefbrdetectingtheunittoberemovedis  

ん±叩m盲mん∈V〃∑砿lほん借  

i∈Ph  

（5）  

wherel有isthesetofallhiddenunits，l励112isthesquaredEuclidnormofthevectorwhichtakes  
theoutp雨sofhonthesamplesseta5en．tries・In 

soIvingtheleast－SquareSprOblemcalledCGPCNE・Wecouldshowthat（1）becomes（5）whenthe  
activationfunctionislinear．   

In（4）theremainingweightsareadjustedtokeeptheinputsofthesucceedinglayerasclose9S  
possibletotheoldones．Anotherselectionrulecanbeobtainedfromprojectionoperations，Which  

makestheweightwhinOtapPearing・in（1）and（5）［2］・Supposethattherearemunitsinahidden  
layer，theoutputsofeachhiddenunithinthelayerconstituteavector9h＝（y£1），y£2），・・・，yY））．We  
h・aVemVeCtOrSforallmunits，（9h，h芋1，2，・・・，m），denotedbyY・Atthesametime，brtheinp？tS  

ofallnunitsinthenextlayerwe－havenvectors，（豆i，i＝1，2，・・・，n），denotedbyX・Removlng  

ahiddenunitisequevalenttoremovlngaVeCtOrfromY，andadjustingtheremaiIllngWeightsto  
determinlngthecoefhcientsofthelinearcombinationofthev 

theremovalofvector9h，thebestrepresentationofthevectorinXinleastsquaresenseequalsto  

itsprojectiononthespacespannedbytheremainlngVeCterSinY．So  

豆il（如l〃別項†′－（如）））  （6）  

canbeusedtoevaluatetheimportanceof如On豆i，Where・l・denotetheprojectionoperator，nu11（・）  

thenullspace．Thesumofthenorms 
ofthevector9hinY．Thesmallerthesumis，thelessimportant9his・Aftercomputingthesum  

fbreach釦，thevectortoberemovedcanbeseleeted，SOthecorl・eSPOndinghiddenhnit・   

Weused theproposedniethodtoinvestigatetherelatiol－Shipbetwee．ngrossdomestic prod－  

uct（GDP）and thegrossimport（GI）Andgrossexport（GE）・Sincetheprecondition to utilize the  

proposedmethodisthatawelltrainedneuralnetworkisavailable，mOreOVer，therelationshipisvery  

complex，SOme PrePrOCeSSlngShad beendone・Whenthesampleswer9PrOVided totrainthenet－  

work，theorlglnaldatahadbeennomalized・Tbevaluatethebehavioroftheproposedmethod，three  

di鮎rentmeasureswereadopted‥1）thenumberofhiddepno9esinsystemヲ；2）thePREontraining  
set；3）thePREontestset．PREisthemeanvalueofly］－9］L／y］，Wherey］and9］denotethetar－  
getvalueandtheoutputofthenethTOrk，reSpeCtively・Alltheりeuralnetworkswerethree－layered  

fbedforward neuralnetworks，With・One OutPut unit and twoinput units．Each sample consisted  

ofoneGDP valueastarget，OneGIvalueandoneGEvalueaslnputSCOrreSPOndingtothe苧ame  

month．Thetotalnumberofsamplesis72．ThesimulationresultsshowedverypromlSlng・  
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