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WearegolngtOprOpOSelinearprogranmlngformu－  
1ationsofsupportvectormachines（SVMs）forgen－  
eratingkernelbasednonlineardiscriminatefunctions  

definedinafbaもurespace7dharacteri2：edbyaker－  
nelfunction．Unlike the standard SVMs usingもhe  

quadratic progranS，Our apprOaCh explores afairly  
Smal1dimensionalsubspace of7to construCt the  

nonlinear discriminator，Whichallows us to employ  
asmaJIsizedlinearprograLmmlngprOblem・Wbwill  
demonstrate thatanOrthonormalbasis of the sub－  

SpaCeCanbeimpliciも1yglVenbyeigenvectorsofthe  
Grammatrixdefinedbytheassociatedkemelfunc－  
tion，and alineaq programmlngfbrmulationis suc－  

CeSSfu11yintroduced．Moreover，When地enumberof  
glVendatepointsisextremelylauge，thesubspacecan  
beextracもedbyan岨mberofもheTandomlyselected  
daもapoints．Nu皿ericalexperimentsa陀dsoincluded，  

W出血h心仏七etぬ成仏e8ubspaαgenerated byl閻  

也an2％of七bee皿血etr出血gdatapo五皿もS血iev田  

地ereぉonablepe血manceぬrabuged叙おetSWitb  
60000datapoi皿tS．  

straintde丘ned below：  
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Notethatthequadraticconstraintcanbewrittenas  

（2．3）llAγ刷…＝βTQβ≦C．  

Then，replacingQin（2・3）withtheGrammatriⅩK：  

de丘nedbytheinnerproductK：（・，・），letusintroduce  

thefo1lowlngprOblem：  

Mむdmize．yrβ  
Subjectto βT疋β≦C，  

eT－β＝0，  
0≦yβ≦e．  

（2．4）  

me皿乱且 抽der虎馳豆ね抽cゐ○哀ceげ肋e卵和me－  
ねrC，払ep和あねm作．イノダ印erBねβ広田封印舘mdβ¢g％一  

如湖げ銑ep和あねm作．り血塊銑eヱ相和meね㌢仇．  
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Leも入1≧入2≧・・・≧入Ml＞O be positive elgen－  

valuesofthematrixK：anddi，dら，・・・，dLl，∈RMbe  

theaBSOCiaもedeigenvectorsnormalizedtounitlength・  

AIso，letusde丘neD＝［dl，d2，・・・，dMl］，Where di＝  

J后d；，査＝1，2，…，財′．  

βT疋β＝llがβll；≦C・   

We wiuintroduce an apprOXimat．ion for this  

quadratic constraint．Tbthis end，We COnSider the  
largest S ≪ M positive elgenValues入1≧入2 ≧  

…≧入s，andtheassociatedcolumnvectorsofD．  

．βT疋βたβrかぶβ言β＝l囲刷；・   

thefb1low皿gfbrmulations：  
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LetusarstconsiderthestandardWblfbdualformula－  

tionforSVMsbelow．Wbassumethatdatapointsare  
representedbyanMxNmaもrixA，Q＝AAT，auld  
（ちisagivenpositiveparameter．  

1etA：（ヱ，ヱ′）denoiethekernelfunctionwhichgives  

innerproductofQ（＝）and¢（x’）inF・Thefbllowing  

quadratic progranmlngprOblem has been explored  

forobtaimingnonlineaqdiscriminatefunctions・  

yα・eアα  

0■≦α≦（完e．  

（2．1）  

β＝（β1，偽，…，伽）r弧dlet穐＝恥叫／q，プ＝  
1，2，…，M，thenwewritetheproblem（2．1）equlVa－  

1entlyasbuows：   

hthispaper，1etusintroduceafbrmulationfbrthe  

kernelbased．nonlinear discriminatefunctions based  

on variantS Of the dualforms．1et us consider the  

problemwiththesquareofthe2－nOrmCapaCitycon－  
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Subjectto  
（3．5）  

bythelinearprogrammingproblem・  
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Reca11that the optimalsolution（w；，b；）ofthe  

problem（3．6）generatesthediscriminatefunction・  

J（ェ5）＝巫㌔＋わ；．  

Note that t．hislinear functionis definedin the S di－  
mensionalspace．Letusnow considerclassibringan  
arbitraryNdimensionaldatapointbythisfunction．  
Tbthisend，Weneedtocalculatethecoordinatevec－  

tor［x］v・Aswehqv？Seenabove，thek－thelement  

Ofthevector【x］visglVenbytheprojectionontoVた，  
thatis〈x，Vk〉．Substituting（3・7），Wehave  

Theprimalfbrmofthelinearprogrammlngformu－  
1ationcorrespondingtotheproblem（3・5）canbeex－  

plicitly＝describeda5fb1lows‥  

Minimize CJIwsJIl＋eT∈  
Subjectto Y（Dsws－bse）＋（≧e，  

！≧0，  

（3．6）  

where ws ∈ RS and bs ∈ Rlare primalvari－  

ables．LetusdenoteanOptimalsolutionof（3・6）as  

（ws，bs）＝（w；，b；），Whichimpliesthatwehaveob－  

tainedanOptimal1ineaLrdiscriminatefunctiona5   

J（ェ5）＝ぴ；Tェ5＋略，  

wherexsisanSdimensionalvzuiables．   

3．1 ExtractingtheSubspaceofF  

Letdj鳥denotethej－kelementsofthematrixDs・  
AIso，aSSOCiated with the k－th column vector dk＝  

（dl鳥d2k…dMh）TofDs，letusdefinevectorsinF  
a5fbllows：  

∑笠1年ブたに（ヱ，A㌻）  
（ヱ，佑〉＝   ，た＝1，2，…，∫．  

入上   

Here，it should beemphasized thateach elementof  
thevector【〇】visexplicitlycaiculatedwithoutknow－  
ing the vectors Vk，k＝1，2，・・・，S・Then，One Can  

cla5Sifythepointx∈RNaccordingtothesignof   

【鵡ひ；＋b；，  

Whichisalsocalculated，eXplicitly．  

3．2 SamplingProcedures  

Fbithermore，When．thenumberofpoints，M，isex－  

tremely huge，the considerableamOunt Of compu－  

tationalwork would be requiredfor obtaining the  

largestSeigenvectorsoftheMxMmatrixK：・Tb  
avoidthiscomputationaldi伍cultiesonecanChoose  
Lsamplepoints，WhereL≪MandextractanOr－  

thonormalbasisofthesubspaceofF．Letu8aBSume  
that，forsimplicity，theLsamplepoint8COrreSpOnd  

tothe丘rstLrowsofthematrix＾，andthat，おSひ・  
Cia．tedwiththesamplepoints，thematrix＾andthe  

GrammatrixK：arepartitionedasfollows：  

∑笠1年≠た¢（A㌻）  

，た＝1，2，…，5．  （3．7）仇＝   
入た   

Notethateachv∝tOrlんCannOtbeexpre5＄edsince  

¢（AT）isnotdescribedexplicity・   

Thefo1lowinglemmaholds．   

Le皿3．2乃eβefげ肥ねm（仇，域，．‥，晦）β¢f－  

i所e∫  

（…′）＝ （：禁霊，≠た′，  
血e－℃（・，・〉deれOfeβ鱒iれnerpm血c亡dぴndinア・  

Therefore，itfouows丘omLemma3．2thatthesetof  

VeCtOrS  

（Vl，域，…，晦）   

constitut．esanOrthonormalbasisoftheSdimensional  

Subspaceof7whichwi11bedenotedbyJ盲・   
FbranypOintx∈RN，1etusdenotetheSdimen－  

sionalcoordinatevectoroftheprojectionof¢（x）onto  

J盲withrespecttothebasisV＝（Vl，城，・・・，帖）as  

【れ，i・e・，  

A＝［封，  and に＝  

where＾L ∈ RLxN，K：L ∈ RLxL，and Kl∈  
R（M－L）×L．Thus，theinequalitiescorrespondingto  
thenormCOnStraintsin（3．5）and（？？）shouldbe  

［遥 に′β喜A 

（3・8）   

上‾1  

WherepIS∞andl，reSpeCtively．  

Itis worth notingthatin our sanple scheme，L  

Samplepointsareusedonlyforextractingthebasis  
OftheSdimensiond＄ubspace7b，andthattheal1  

MsamplesareinvoIvedinthelinearprogramS・   
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