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3 Ⅲ且ec七『温c Ne七w⑳『kⅨ即me且   

Let（町E，r）bearesistiveelectricnetworkwith  

vertexset V，edgesetE，andresistorsonedges  

Withtheresistancesrepresentedbyr：E→R＞0．  

Let D be adistancefunct．ionon V definedas  

D（x，y）＝reSistanCebetweenxandy   

forx，y∈V．Fixsomevertexxo∈V asaroot，  

anddefinean electric network kernelKon V aB  

∬（∬，y）＝（β（諾，和）＋か（y，エ0）－β（ェ，y））／2   

払r∬，y∈Ⅴ．   

Wb glVe physicalinterpretations to the prob－  

1em【SVM］on（VIE，r）withtheaidofnonlinear  

network theory（see【1，ChapterIV】）・Suppose  

thatwearegiveanelectricnetwork（ViE7r）  
andlabeledtrainlngdataset（（xi，り電））i＝l，．．．，m⊆  

Vx（士1）・Weconnectvoltagesourcesto（VE，r）  

a5最）1lows：  

FbreachxiWithl≦i≦m，COnneCt tO  

theearthavoltagesourcewhoseelectric  

POtentialis17iand the current瓜owlng   

intoxiisrestrictedto［0，C］if77i＝1  

andトC，0］if鞘＝一1・   

By uslng VOltage sources，Current SOurCeS and  

diodes，this network canbe realized asinFig－  

urel．  

乱 Im七『のdⅦC七五om   

Supportvectormachine（SVM）［3］h鱒COmetObe  
VeryPOPularinmachinelearnlnganddataminlng  

COmmunities．Input datafromrealworldprob－  

1emsis often endowed with discrete structures．  

RecentlyKondorandLa鮎rty［2］introduceddy一  
舟sionkemels，Whicharediscretekernelsdefined  

on vertices of graphs. 

Wb propose a novelclass ofdiscrete kernels，  

named electric nefwork kernel，OnVerticesofan  

undirectedgraph．SVMwiththiskerneladmits  

physicalinterpretationsintermsofresistiveelec－  

tric networks；in particular，the SVM decision  

functioncorrespondstoanelectricpotential．Pre－  

1iminaryCOmPutationalresultsarealsoreported．   

2 SⅧppO『七Ⅴ由c七①『Ma地五皿eS  

LetXbeanlnputdataspaceandK：XxX→  
乱be a kernelon X．Given alabeled training  

set（（3i，T7i））i＝1，…，m 

isobtainedbysoIvingtheoptimizationproblem  

【SVM】  

m   

mln去叫鞠，∬∫）－∑彿  
l，j＝1  盲＝1  

m   

s・t・∑叫＝0，0≦佃≦C（壱＝1，…，m），  
壷＝1  

WhereCisapenaltyparameterthatisapositive  

realn11mberor＋∞．Letu♯∈RmbeanOptimal  

SOlutionoftheproblem［SVM】andb＊∈・Rbethe  
Lagrangemultiplieroftheequalityconstraintat  

u＊．Then the decision舟nction f：，Y→Ris  

glVen aS  

m 
仲）＝∑祝‡∬（笹わエ）＋むヰ（£∈∬）・（1）  

i＝1  

Wbclassifyagivendataxaccordingtothesignof  

f（x）・AdataxiWithrliu；＞0．isca11edasupport  

UeCわr．  Figurel：Physicalinterpretation  
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Thefo1lowlngtheoremindicates the relation－  

ShipbetweenSVMproblemandthiselectricnet－  

work．   

Theoreml．ムe子規＊ あe〟ほ叩右左mαJβOgu如和好  

［SVM］0れ（隼旦γ）・乃eれ祝；co盲乃C盲deβひ鵡兢e  

eJecまr盲c clげre†lfβ0ひ五れタ哀れfo∬壱わr豆＝1，…，m．  

肋reouer，班e dec由盲0乃舟乃C如乃J扉（1）ルr  

［SVM］盲ざα乃eJec才r盲cタロね乃如～．   

Hence，thefo1lowlngCOrreSpOndenceholds．  

Tablel：Experimentalresults  

HK  DK  ENK  

Data．set SVs Acc SVs Acc SVs Acc  

Hepat  60 79．1 60 79．8 106 77・7  

Votes  36 96．0  53 96．0 274 84．5  

LED2－3  386 89．6 392 89．7 388 89．8  

Cancer 152 97．3 242 97．0 463 81．7  

SVM   electricnetwork   

POSitivelabeldata  ＋1voltagesources   

negativelabeldata  －1voltagesources   

OPtimalsolution   Current   

decisioムfunction   POtential   

ひ加γed＝dIl匝，y）．   

rrhe theoremimplies，1nParticular，that each  

elementofkernelKcanbecomputedwithO（N4）  
arithmeticoperations．Thismakesit possibleto  

apply the electric network kerneltolarge－SCale  

PraCticalproblemsonthisclassofgraphs・   

5 ExperimentalResultss 

Here，We describepreliminaryexp9rimentswith  

ourelectricnetworkkernelsontensorproductsof  

COmPletegraphs．Tablelshowstheexperimen－  

talresultswithHammingkernel（HK），di軌1Sion  

kernel（DK），andelectricnetworkkernel（ENK）  

forbenchmarkdatasetstakenfromUCIMachine  

LearnlngRepository，WhereAccmeanstheratio  

OfcorrectanswersandSVsisthenumberofsup－  

portvectors・   

rrheaboveresultsindicatethatourelectricnet－  

work kernelworks wellas an SVM kernel．How－  

evercomprehensivecomputationalstudyisleftas  

afutureresearchtopic．  
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4 SVM on Tensor・Product of   
Complete Graphs  

Weconsiderthecasewhere（ViE）isanN－tenSOr  
PrOductofk－COmPletegraphsdefinedas  

V 

β ＝（諾yl∬，y∈隼dH（∬，y）＝1），  

WheredH：VxV→RistheHammlngdistance  
definedas  

dH（∬，y）＝（壱∈（1，…，Ⅳ）l∬盲≠y去），  

Whereこrt denotes theith component ofx∈V．  

Exploitingsymmetryofthisgraph，theresistance  

DbetweentwovertexpalrisglVenaSfo1lows・  

Theorem2．rんe†℃β由ねmce上）扉α乃Ⅳ－ねれβOr  

prod呵〆た－COmpJefeタmpんβ（Ⅴβ）由gねeれむy   

か（∬，y）＝  

宗孟‥岩（≡）（Ⅳ  

ifた＝2，  

eU  

d d－5〃－d  

∑ ∑∑  
β＝1，3，5，…．た01▲＝0  
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（喜一去）t（1芳  

ifた≧3，  

22－5た「Ⅳ＋㌢H斗刊  

た（β＋壬＋餌）  
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