unctionFBPer-SampleBPh� BatcthanHildebrandtH.tDepartmenoratoryLabestWyrsit4308gh.eduthildebr@athos.eecs.lehi199323,Abstract hMarck-Bacthetrast,ofstateatoorkwtheoreticalas.algorithm1 BPhTIONODUChBatctrainingallthewsMcClellandandtlysu�cien1small."[oftermsum.� orks.w1 evnot.ishwhict.gradienitas(a) longasfunction,error(b) totaltheline,t(c) straighaandstate,(d) tcurrenhigherisstate).tforcesonetheof2[3,4,]. indiscussedhwhicer-pcanh2 tcurrenconsiderableathetrast,errornonlinearev.ticallyanalyzed.easilytheythisofalgorithmhinumhwhicproblems.real2 inariseDEFINITIONS toely2.1 likaredelMoector vx the input[x =as1 acceptskx;2 orw::x;N :;] netneuralT Aorkscalaroutputy the duces( prox andfunction output target( thex to1del[orkwoutput itso computeshj whicofinputs itso ofsumi tedeigh\squashing"monotonicfunction ounded, ( � resultthe1 to): o j = ( v j ) v;j = i ijo i : (1) ts ijxima-approector1 T oug notationi � denote t all o ... t summationes e lear rom text.on3 x ector ecomesby (1) neuron( outputx sole= ( T x ) notation.ector2.2 vat a k ro a at o someminimizefunction ( eenwector vx training. = ; = 1 2 [ t ( x ) y ( x )] 2 : (2) Squared rror solution. hang-cset.: (3) write= ; (4) where as= ; ( ) where = : ( ) 4 rule:= [ t ( x ) y ( x )] ( T x ) x : ( ) heaconeofset( t = ( t ) alue.vhiddento1McClelland[32 .]2. a k ro a at o w t e ear length time callodirection.thater,evornearerset ( t ). theinas ewton s liesthate).v2. er a e e t ue of est-bThis.at ( t .globallyerror , error patterntrainingx hecomes( t = ( t ) ; ( ) where ). sample rule:= [ t ( x ) ( T x )] ( T x ) x : ( ) obtain= [ t ( x ) ( ( t ) T x )] ( ( t ) T x ) x : (1 ) substitution( t [t =( )x ) ( ( t ) T x )] ; (11) set as= ( t ) = ( t ) ( t ) ( ( t ) T x ) x : (12) of : ( =)1 2 [ t ( x ) (( ( t ) ( t ) ( ( t ) T x ) x ) T x )] 2 : (13) to toresultzero: the= [ t ( x ) (( ( t ) ( t ) ( ( t ) T x ) x ) T x )] � (( ( t ) ( t ) ( ( t ) T x ) x ) T x ) ( t ) ( ( t ) T x ) x ) T x = : (14) generatedfactorsremains:expression[ thet of( ortionx p) (( ( t ) ( t ) ( ( t ) T x ) x ) T x = : (1 ) for function ( � Seriesylorexpansion a( v = ( v ( t )) ( v ( t )) ;v(1 ) where v ( t = ( t ) T x and v = ( t ) ( ( t ) T x ) x T x obtainet w( ),x ) ( ( t ) T x = ( t )[ ( ( t ) T x )] 2 x 2 : (1 ) to ( t to= 1 [ ( ( t ) T x )] 2 x 2 : (1 ) algorithmtheector vx trainingectresptrainingoneh.TC ER FUNCTIONERSEBest-er-Samplehwhicanrequiree.ergusual,= here, 1 ; 2 areectorsx vtraining1 The.1 ] T ; x 2 2 ] T of aluest v( targetx with= for 1; = ybo engiv1 isrk1 x 1 ] 2 o;2 = 2 x 2 ; used.circuity neural The( 2:x Figure1][o 1([1=1 )o 2 ] T ) ; 1(� where) neuron function.y2. errorthethat1 = 1 2 [ 1 2 ] 2 ; 2 = 1 2 [ 2 ( 2 1 ) 2 ] 2 : y= 1 2 [ 1 2 ] 2 [ 2 ( 2 1 ) 2 ] 2 : (1 ) the parameters 1 = : 2 , 2 and= ardwthe 2 as 1 errornon-linearfunction. a.1 e at olut o ulationsimatowhenhangestepsofBPLS.the with 1 = : 2 , 2 and= 2. step error ( een ( t and ( t assumptionThisas 1 is requiresitfor y ( t = ( ( t )) thiseytcurrenwhetherormostwillviorehabasin, e.vtheofon,ythe(i.e.consumetoum.minimose 1 to 2 and meansThisesslop2 ] T . theet = ( ( yAntersecting( plane = for 1 = e= = 1 2 [ 2 ( 2 1 ) 2 ] 2 : (2 ) whence ( 2 1 ) 2 2 = 2 ; 1 or 2 = 2 2 2 1 2 : (21) the 2 ybof2 . algorithmthepasseshis innerthe1 2 e2 = 2 2 2 1 2 : (22) is2 1 = 2 2 2 1 ; (23) whence 2 = 2 2 1 ( 1 1 ) = 2 2 2 2 1 ( 1 1 ) : (24) the�ndts 1 e.2 2 2 1 2 2 2 2 ( 1 1 2 1 ) = 2 2 2 2 1 2 2 ( 2 1 2 1 1 2 1 ) = 2 2 2 ( 1 1 ) 2 = 2 2 2 2 1 = 1 2 2 2 : (2 ) the 1 y1 22 2 2 : (2 ) 11 set ( evrequirewillinitial 1 size:stepSteps um= 1 1 = 1 2 2 2 2 : (2 ) of 1 and 2 forcecanof 2 ebdesired.assmall 1 large 2 large requirecantheincreaselength..2 e er a le olut o of es 1 is 2 = of 1 exactlyist1 2 1 ] ] T y1 = [[ 2 1 ] ] T ; of ( x isx 1( x 1 =; )that= 1 x 2 = 1 2 1 : es1 1 ] T ; 12 of secondtheof umminimof 1 and 2 . DISCUSSION once 1 toectsamples trainingx otherof 1 with to to other partialstheset 1 minimizes 1 thisdisruptoftx onencomp1 secondthe\cross-considerableascollinearaccepttoatconsidered..1 o utat o al urde hucheac1.ableectorvinnerectorectorvwhere caneh.theon13 algorithms.erationer-Samplehducts2 ductsAdditionsof ( � ) of ( � ) cations3 DivisionsDi�erences2 samples.h.searcer-SamplePh-BPLS..2 te o to t l ear u t o erties:propola.parabsimplyrequiredinitial 1 ofproaturecurvoneal,hoicectheeyinger-samplepalltosteps.preceding14 . l at o ork ra toclosetroublesome,clearlysuggestsThisevresults.toalsoonbasedthatvidedenough.gradualalgorithm,BP(CG) ulateaccumHessian hing"\cross-stitcandceeds,Theerror.oralller[ ]. CONC USION initialandthanfasterthate1. observesolution.the2. tocloseexamples,traininged.v1 3. therethenbad.arbitrarily4. ebpresencethees.nonlinearitiks.oroses. erimen-xphresearcfunction.sigmoidR [1] vid and McClelland, PressMIT(1 ). [2] foralgorithmsin Morgan-4 (1 ). [3] in Mateo,Sanpp. 1). [4] orkwt,nios, IL 1 1-2 1). [ ] M in 2). 1 [ ] Lo, linearpiecewiseclassi�er", a 4 (1 1). [ ] wrence Szczarba, erDekk(1 ). [ ] and learn-trates", 4 4 1. 1