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1．Introduction  

BootstrapplnglSaCOmPuter－basedre－SamPlingtechniquefbrasslgnlngmeaSureSOfaccuracyto  

Statisticalestimates．The bootstrapmethod，Originated by Efron（Ref．Efron and Tibshirani  

（1993）），dependsonthenotionofabooEstrqpsa〝甲Ie．SupposeweobserveaSetOfindependent  

datapoints xl，X2，…，Xn，denotedbyavectorx＝（x．，X2，…，Xn）T，fromwhichwecompute  

人  

statisticsofinterest s（x）．Let F betheempiricaldistribution，puttingpiobabilityl／noneachof  

theobservedvalues xi，i＝1，2，・・・，n・Abootstrapsampleisdefinedtobearandomsampleofsize  

∧ ∧  

T T 
ndrawnffom F，Say X．＝（x：，X；，…，Xニ），i．e．，F・，・，・X●＝（x：，X；，…，Xニ）・Inotherwords，   

●●● thebootstrapdatapoints xl】X2）・・・？Xn arearandomsampleofsize n drawnwithrqpZacement   

fromtheorlglnaldatapolntSXl）X2）…）Xn・Hence，thebootstrapalgorithmbeginsbygeneratinga  

largenumberofindependentbootstrapsamples x81，X－2，…，X■B，eaChofsize▼n．Typicalvaluesof  

B，i・e．，thenumberofbootstrapsamples，mayrangefrom50to200fbrstandarderrorestimation・  

Letusdenoteby s（x■b）thevalueofthestatistics sevaluatedat x．b，fbr b＝1，2，・・・，B・Then  

thequantity s¢●b）istheresultofapplyingthesamefunction s（・）to x●baswasappliedto x・   

Inourproblemsetting，WeapplybootstrapplngteChniquestoatrainingofneuralnetworksby  

re－SamPlingthesamenumberofsamplesizefromtheorlglnaltrainingdata，andthenevaluateand  

testthenetworkperfbrmancebasedonthecompletesetoforiginaldata・neneuralnetworksusedin  

thisstudybelongtotheclassofback－PrOPagationnetworks・Back－PrOPagationrefbrstothemethod  

Ofcomputing the error gradient．Standard back－PrOpagation，however，is a tedious，Slow batch  

learnlngmethod・Thus，WehaveappliedtheoptimizationalgorithmknownastheconJugategradient  

methodinordertoremedytheslowconvergenceofback－PrOpagationnetworks・Conjugategradient  

tralnlngteChniquesproposedinthisstudymayrequlremOreiterations，bu（eachiterationrequlreS  

less noating－POint computation andimproves slower c6nvergence・Ⅵ屯have also applied this  

COnJugategradienttrainingtechniquestoastochasticlearnlngalgorithmreftrredtoasStochastic  

NoiseReaction（SNR）proposedbythesecondauthor（Koda（1995）（1997a）（1997b））・  
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2・CoqjugateGradientTrainingTbchniques  

Inneuralcomputations，【hedirectionof（hegradientdescentiscomputedthroughconventional  

gradient’algorithms・Thisdefinesthepointintheparameterspacefromwhichwecalculatethe  

newgradienttoupdateconnectionweights・Theinconvenienceofthemethodis，however，at  

eachiteration，Wemaylooseinformationwecalculatedinthepreviousstepbecau亭ethenew  

SearChdirectiondoesnotkeepthepropertyofbeingattheminimumonthelinedefinedbythe  

formerdirection・TheproposedcoqugateLgradienttrainingmethod attempts toremedy this  

inconvenienceandacceleratestheconvergence・   

Let g（，and hobeequaltothenegativegradientatthestartingpointinthe●weightspace．  

Thesearchdirectionatstepiisdefinedby：  

（g∫－gト1r．g‘  
hJ＝gJ＋γ・hト1 Where γ   

g1．gトl  

Thesequenceof hLVeCtOrSismutuallyconJugateundersuitableconditions・  

3．Bootstrapplng ●   

This studyproposesamethodofbootstrapplngforLarandomtralnlngOfcoqugategradient  

learnlnguSlng．bootstrapsampleswithreplicatedruns．ThefocusisonlearnlngaCCuraCyandwe  

WOuldliketoaddressempiricallythefbllowlnglSSue：ifweknow・thetruedistributionfunction  

OftrainlngpatternS，how＄houldwesampleinordertooptlmizetheneuralcomputation？  

Wewi11pr9Sentandassessthebootstrapestimatesbasedonthenumericalexperiments  

meetlngthefo1lowlngrequlre甲entS：  

1．Samplespaceis鎖niteandsmall．  

2．DistributionfunctionisunbalancedsothattheefEectofbootstrapplnglSeaSytOaSSeS＄・  

WtwillreviewanddiscussthelearnlngCaPabilityoftheproposednetwork，Whoseperforinance  

COuldpossiblybeenhancedbythebootstraptraining．  
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