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Abstract．WepTOPOSeda舟amewoTkfbrbuildingahigh－qualitywebpagecollectionconsideringpagegroup  
structurewithtwostepprocesses‥therough紬ermgandtheaccurateclass漬cation・Inbothprocesses，WeaPplythe  
ideaoflocalpagegmpstructurethatisrepresentedbytherelationbetweenatargetpageandasurroundingpage  
basedontheconnectiontypesandtherelativeURLhierarchy・lnthispaper，WeuSereSearChersfhomepagesasan  

exampleoftargetcategories．   

王ntherough創tering，WePrOPOSedamethodfbrcomprehensivelygatheringallpotentialresearchers－homepages  
抒omthewebwithasfもwnoisepagesaspossib］ebyusingproperty－basedkeywordlistsaccordingtofburpagegroup  
models（PGMs）basedonthepagegroupstructure．Theexperimentresultsshowthatitreducestheincreaseofgathered  
pageamounttoana伽wablelevelandgathersaslgni重cantnumberofpositivepagesthatcouldnotbegatheredwitha  
Single－Page－basedmethod，   

王ntheaccurateclass摘cation，WePrOPOSedatextualftaturesetfbrsupportvectormachine（SVM）・Thesurrounding  
pagesaregroupedbasedonthepagegroupstructure，anindependentftaturesubsetisgenerated舟omeachgroup，and  
thenthefbaturesetiscomposedbyconcatenatlngthe食aturesubsets・Anevidentimprovementofclass捕cation  
perfbrmanCeisshownbyanexperiment・UsinglnCOmbinationarecalトassuredclassinerandaprecision－aSSured  
classinereachofwhjchisobtainedbytunlngthe SVM withtheproposed fbatureset，WeneXtbuildathree－Way  

classi鮎rtoaccuratelyselectthepagesthatneedmanualassessmenttoassuretherequiredquality・Thee飴ctivenessis  

Shownwiththereductionofthemanualassessmentpagenumber．   
Keywords．webpagecollection，PagegrOtlPmOdel，three－WayClassifier，qualityassurance，preCisionandrecall・  

1‡mtrodⅦC電iom   

Highqualityscholarlyinfbrmationservicesweremaintainedwithmuchhumanworkfbrmerly，butwith  
muchlesstoday，thankstotheelectronicpublishingtechnology・Ontheotherhand，thewebisbecomlng  

moreandmoreimportantasapotent壬alinfbrmationsourcetoaddvaluestosuchservices・Then，Whatis  

required知stisawebpagecollectionwithaguaranteedhighquality（i・e・，reCallandprecision）；however，it  

demandsalargeamountofhumanworktobuildbecauseofdiversityinstyie，granularityandstructureof  

Webpages，VaStneSSOfthewebdataandsparsenessofrelevantpages．   

Manyresearchershaveinvestigatedsearchandclassificationofwebpages，etC．；however，mOStOfthem  

are ofbest－e魚）rt typeand pay no attention to quality assurance．Thus，Weinvestigate a method to  

COmprehensivelybuildahomepageco11ectionemcientlywithassurlngbothgivenhighrecallandhigh  

precision・Asanexample，Wemainlyfbcusonresearchers’homepagesinthispaper・   

Someresearchworksshowthatitisgenerallye脆ctivetocollecthomepagesbyuslngthefbatures  
exploitingl豆nkstructure，directory structure，documenttagstructure，and document semanticstruCture，  

amongothers・Takingintoaccountthatahomepageareo月＝enrePreSentedbyaloglCalpagegroup，the  

infbrmationofthesurroundingpagesinpagegroupstruCture（locallinkstruCture）mustbeconsideredin  
addition to the contentsin the entry pages．Therefbre，We prOPOSe a method to utilize the氏atures  

COnSideringpagegroupstruCtureSfbrbuildingahigh－qualityhomepagecollec壬ionwithsupportvector  
macbine（SVM），   

Since the web page amountis verylarge，One PrOblem arlSlng舟om the methodis the high  

COmPutationalcostofitsf由tureextraction・Therefbre，WeSplittheprocessintotwosteps：rOughⅢtering  

atむstfbre用cientlynarrowlngdownthecandidatepageamountwithaveryhighrecall，andthenaccurate  

Classi茄cationfbraccuratelyclassifyingthecandidatetargetpagesoutput舟omtherough創teringwithboth  
highrecallandhighprecision・BothprocessesarerealizedtakingintoconsiderationpagegroupstruCtureS  
andutilizingtheusefu1infbrmationbasedonthewebstructuressothatwecanachieveahighclassincation  
Perfbrmance，eSpeCiallyintermsofrecall，fbrmeetingthequalityrequirementfbrthecollection．  
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2 Related Works 

Themethodproposedinthispaperbelongstoawebpageclassificationdomain，andiscloselyrelated  
towebpagesearchandclusterlngdomains．Inthesedomains，Whatinfbrmationsourcestouseisthenrst  
factorandhowtousethemisthesecond．   

Thepriorworkstriedtoexploit，besidestextualcontents，Variousweb－relatedinfbrmationsources【2］，  

SuChashtmltags［3，4，5］，URLs［6，7，8］，Subgraphsofwebpages［9，10］，directorystructure［10，11］，  
anchortexts［3，4，5，8］，COntentSOfgloballylink－relatedpages［5，12，13，14］，andcontentsoflocal  

SurrOundingpages［1，9，10］・Alloftheseinfbrmationsourcesexceptthelastoneareusedtocapturethe  

fbaturesthatarecharacteristictothetargetpages，andareeffbctivetoemphasizehighlyprobablepages・  

Thelastone，COntrarily，1SuSedtoco11ectinfbrmationdispersedoveraloglCalpagegroup，andisefftctive  

togatherpotentialpagescomprehensively，buttendstoincreasenoises・Sincethecomprehensivenessisa  

keyfactorfbrqualityassuranceofawebpagecollection，WemainlylnVeStigatetoexploitthelastone，i・e・，  

thesurroundingpagesastheinfbrmationsources．   

Someworksexploitingthesurroundingpagesnrstclassifyeachpagebasedonlyonitscontentandthen  
COmbinetheresultsbasedonotherinfbrmationsourcessuchaslinkstructureanddirectorystructure［10］．  

However，Whenanentrypagecontajnsnotextualinfbrmationbuthyperlinks，thisapproachwi1lnotwork．  

Otherworksnrstclusterwebpagesbasedonloca11inkstructureandsoonandthenmergethescore（Or  
Weight）ofeachwordtogenerateadocumentvector［1，9］．However，theef托ctivenessofthisapproachis  

limited，PrObablybecauseitalsomergesmanylrrelevantwords舟omthesurroundingpages．   

WealsoexpIoitthecontentsinsurroundingpagesconsidering】ocallinkstructures，butwithadifftrent  

approach・IntheroughⅢtering，fbrcollectlngaSmanytargethomepagesaspossible，pagegrOuPmOdels  

areappliedfbrcombiningthelocallinkstruCtureamOngandthecontentofthepagesinaloglCalpage  
group，SOthatthehomepagespresentedonaslnglepageoronasetofpagesthatconstitutesaloglCalpage  
groupcanbegathered・Intheaccurateclassification，theftaturesonsurroundingpagesarepartlyrnerged  

thenconcatenated，andusedintheclass浦cationa11together，SOthatthecontextscorrespondingtothe  

relativelocationarerepresented．  

In addition，almost no prior works considered to assure the high quality required by practical  

applications．We approach to this problem by building a three－Way Classiner uslng a reCall－aSSured  

Class浦erandaprecision－aSSuredclassinerincombination．  

3SchemeoftheMethod   

TheschemeofthemethodisshowninFigurel・Itcontainstwostepprocesses：theroughⅢteringand  
theaccurateclass描cation．   

Theroughmterlngisfbre用cientlynarrowlngdownthecandidatepageamountwithaveryhighrecall打om  
theweb．Theinputisa11thewebpagesandtheoutputisthecandidatepagessatisfyingtherequiredhighrecall．  

Wesettheperfbrmancerequired fbrtherough Blteringas，fbrexample，atleast98％anddesirably99％・  

Precisiondoesnotmattersomuchbutasmaileramountofoutputpagesisdesirableundertheconditiononthe  

recall．   

Althoughweuseastaticwebdatacorpusfbrthecurrentwork，the rough創teringmethodcant）e  

mergedwithawebcrawlerfbrrealapplication・Then，itseemssimilartofbcusedcrawling，butdi能rsin  

SeVeralaspects・Firstly，focused crawlerspredicttherelevanceofeachpage befbrefttchingwhilethe  

rough刑teringdoesnot．Consequently，itworks onlywithcomprehensivecrawlers．Secondly，fbcused  

CraWlers can handle one category at a time while the roughmterlng Can handle virtually as many  

CategOriesasyoulikeatatime．   

The accurate classificationis fbraccurately classifying the candidate pages outputfrom the rough  

創teringintothreeclasses：aSSuredpositive，aSSurednegative，anduncertain・Forexampleofthequality  

requlrement，therecallshouldbeatleast95％andtheprecisionshouldbeatleast99％・   

Sinceevenwiththestate－Of－the－artClassほcationtechnology，itisimpossibletomakethetargetdata  

COllectionsoftherequiredqualitysolelybymeansofautomaticprocessing・Therefbre，humaninvoIvement  

isindispensableinovercomlngthegapbetweentherequlrernentandthetechnology・Inordertoassurethe  
highperformance，arelativelyhighcomputerprocesslngCOStis allowedfbrthe accurateclassification  
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Fig．1Schemeofthemethod・  

COmPanngtOtheroughnlteringwhilethenumberofpagesthatneedmanualassessmentshouldbereduced  
asmanyaspossible．  

4TheRoughyiltering  

4．1StruCttlreOftheRoughFiltering   

Therough創teringusesproperty－basedkeywordlistsandseveralkindsofpagegroupmodels・Figure2  
illustratestheconceptualconstruction．  

Fig・2StruCtureOftheroughnltering．  
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Each web pageis nrst mappedto adocumentvectorconsisting ofbinary values，eaCh ofwhich  

COrreSPOndstoakeywordlistandrepresentsifanyofthekeywordsinthekeywordlistarepresentinthe  

Webpage・Next，fbreachofthepagegroupmodels，thedocumentvectorsaremergedbymakingalogical  

SumOfeachvectorelement・Inthisprocess，0nlytheelementscorrespondingtothekeywordlistsof  

Suitabletypesforeachpagegroupmodelareconsidered（inthe重gure，ignoredelementsareindicatedwith  

’x’attheoutput舟omPGM－Ⅰ）・Theyarefurthermergedtotheentrypage－sdocumentvectortocomposea  
重naldocumentvector・Here，aCOnCePtualdocumentrepresentedbythefinaldocumentvectoriscal1eda  

Virtualentrypage，andtheprocesstomergethedocumentvectorsisca11edkeywordpropagation・Finally，  

SCOreSOfvirtualentrypagesareobtainedbycountingthenumberofl－sinthedocumentvector，andthose  

thatscoredmorethanorequaltoathreshold scoreare output・Thethreshold scorewillbeselected  
COnSideringtheevaluationresultssothattherecallsatisnestherequlrement，e・g・，99％，andtheoutput  

amountisreasonable．  

4．2Property－basedKeywordLists   

Althoughthestylesandstructuresofhomepagestendtodifftrgreatlyandthepresentationsarevery  

diversity，theyusuallycontainseveralbasicinfbrmationelementsthatarecommontothehomepagesinthe  

SameCategOry・Therefbre，Weintroduceprope托y－basedkeywordlistsrepresentingthecommonproperties  

inthecategory，eXPeCtingthatcertainnumber（notnecessarilyall）ofthemareincludedineachtargetpage  

Orinitssurroundingpages．   

Eventhoughsomemethodsareavailablefbrautomatica11yextractingcontent－basedkeywords，theyare  

notapplicabletoextractproperty－basedkeywordlistswhereeachofthemcontainsalistofkeywords  

groupedtothesamepropeny・Thereforeweuseanadhocmethodtocreatekeywordlistsfbrthepresent  
WOrkandobtained12keywordlistscontaining86keywordsfbrresearchers，homepagecategory・We  

mainlyuseproperty－namePrelatedterms・PropertyーValue－relatedtermsareusedonlywhentheycanbe  
enumeratedwithinasma11number；Otherwisetheirmaintenancewouldrequlrealotofefbrt・   
Eachofthekeywordlistsisthenassignedatypeeitherorganization－relatedornon－Organization－related．  

Keywordlistscorrespondingtotheproperties commonto themembersinthe sameorganizationare  

designatedasorganization－related，Whilekeywordlistscorrespondingtoindividualresearcherlsproperties  

aredesignatedasnon－Organization－related・Thetypesandmeaningsofthese12keywordlistsarelistedin  
Tablelalongwithsomekeywordexamples・NotethattheactualkeywordsareinJapanese・  

TablelProperty－basedkeywordlistsandkeywordsamples   

Keyword5ample5★   

research  

researchtopIC，theme，etC．  
doctor，prOftssor，etC．  

PreSentPOSition，duty，etC．  

biography，perSOnalhistory，etC．  

achievement   Paper，bjbliography，etC．  

1ecture   COurSe，Seminar，etC．  

academicsociety  academicsociety，regularmember，etC．   

m年10r   m鱒jor，SpeCialty，reSearCh貞eld，etC．  

member   
Organization－related  

StafEmember，etC．  
Organization   university，institute，SChool，etC．  
SeCtion   SeCtion，department，etC．  

＊OriginalkeywordsareinJapanese．  

4.3 Page Group Models 

TakingintoaccountloglCalpagegroupstructureinthesamesite，WePrOPOSefbursimplepagegroup  

models（PGMs）using（1）out－1inkstothesameandlowerdirectories，（2）out－1inkstotheupperdirectories，  

（3）in－1inks舟omthesameandupperdirectories，and（4）thedirectoryentrypagesinthesameandupper  

directoriesintheURLdirectorypath・Thede丘nitionsofsurroundingpagesarelistedinTable2andthatof  
PGMsarelistedinTable3．  
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Table2DefhitionsofsurroundinEpageS   

No紬t孟¢mS   De重mition   

r   Cu汀entpage   

ノ■′≡   父tOrp覗eSlinked什omrinthesamesite（r’sout一！inkedpages）   

Pi。†r†   SetOfpageslinkingtorinthesamesite（r’sin－1inkedpages）   

タ鮒Irl，∫，珊   setord主rector〉▼emt町P覗eSinr’sdirecto巧－path丘omstolleヽ，el   

1●㌍、引、蒙   SetOrP空将eSin血esamedirector），aSr   

P†恥trr．∫．〔）   SetOfpagesinthe且owerdirectorysubtreeofrftomsto11evel   

Pu醜か拍，′1）   setorpagesin血eupperdirecton－Pathorr舘・OmStO11e、’el   

Al感電一再   numberofiinks鉦ompagertothepa畢eSinthesameandlo“’erdirectoriesofr   

Note：甘heleve且ofthesamedirector）risde伽edasO．sandlareopt10nSfbrspeci毎Fingtherangesofthe  

d如ctom，如elstoprop喝飢etheke、－WOrds汁om．Deねu！to画OnSmeanStOuSethepagesinal11evelsor  

SPeCifieddirectories．  

SPM匝ase丑ime）  SiI鳩1ep昭emOdeiニnOke）㌻ヽ～rOrdpropagationisused．   0  

Reftrencepagegroupmodelこallout－1inkedpagesinth亡  
SSM（baseline）    SameSiteareuse乱   P親王（r）  

APGMbasedomout・linksdownward；Out－1inkedpagesin   ∫＝0，1：  

0仙川  P批l（r）∩アhw（r，∫，わ  J＝∫‥2  

APGMbasedono根・】inksup、Vard；OuトIinkedpagesinthe   ∫＝0，l；  

0仙川    ク皿l（r）∩タ。ppe．（r，∫，J）      directoriesincludedintheURLdiTeCtOryPathaJ・euSed．   J＝∫．．4  
Simple  

APGMbasぞdonin・1inksupward；im－1inkedp喝eSintbe   ∫＝0，1；  

PGM  Pin（㍗）nf’。ppよ㍗，∫，J）  
APGMbasedomdirectoり7en町pages；Sitetopp喝eSand  

∫＝0，l；  
U（．∫，巧   entⅣp喝eSOfthedirectoriesintbeURLdirector）Ppathare  ア餌（r，∫，巧  J＝∫．．S   

used．  

OdヽVithadditionalconditionsonthenumberofout－1inks；if  汀凡d（ナ）≦銑sameasOd；   

Od＠β  
匪5，10，20；  

Modほぞd  
Other帆rise，SameaSSPM．  

SameasOu，‡andUfbrorganization－  
PGM  

1＃，U＃  kevwordson且y  
relatedkevwords；fbrothers，SameaS  
SPM．  

Sing且epagemode且（SPM）andsinglesitemodel（SSM）areusedastwobaselinesandarecomparedto  
theproposedPGMs五nordertoevaluatethee董海ctivenessoftheproposedPGMs．PGM－Od，PGM－Ou，  

PGM－‡，aJEdPGM－Uare永ⅢrSimpiePGMs・PGM－Odisintendedtoexploitallkindsofkeywordsinout一  

丑inkedcompomentpagesinthe丑owerievelsofthedirectorysubtree，PGM－Ou，PGM－Ⅰ，andPGM－Uare  

intemdedtoexploita丑Ikindsofkeywordsincomponentpagesintheupperlevelsofthedirectorypath：  
PGM－Ou払r out－1inked pages，PGM－‡fbr主n－1inked pages，and PGM－U fbr directory entry pages，  

respec扇ve且y・   

SincesimplePGMsusuallypropagatemanykeywordsirrelevanttotheresearcherandconsequently  

in血demanyno王SypageS，WePrOpOSemOdi鮎dPGMstoreducesuchnoises，Whereastokeepusefu1  

keywordspropagated．   

PGM－Od＠Oisamodi鮎dPGMderived倉omPGM－Odwiththeintentionofexcludinglrrelevantpages，  

basedontheobservationsthatoneofthenoisesources豆slargegroupsofpagesmutual1ylinkedwithina  
directory，andthatanentTyPagehavingmanyout－1inksaiwayscontainssufncientkeywordsinitsel£   

PGM－Ou？，PGM－I＃，andPGM－U＃areMod王nedPGMsderived倉omPGM－Ou，PGM－I，andPGM－U，  

respectiveiy，Withtheintention ofexc重udinglrrelevant keywords based onthe observationthatnon－  

Org弧ization－related keywords are notincludedin the upper directory hierarchies・Therefbre only  
Organizatiom－reiatedkeywordsarepropagatedwiththesePGMs・SinceanyslnglePGMcanutilizeonlya  
paTtOfthc available componen‡pagesandcancollectinsu用cientinfbrmation，WeCOmbineallofthe  

mod浦edPGMs．  
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4・4Experim¢mをSamdComs豆鮎rations  

4．4．1Ⅰ）ataset   

Fortheexperiments，WeuSedacorpusoflOOGBwebdocumentdatacontainingll，038，720webpages，  
NWlOOG－01，WhichwasgatheredfromthelJpTdomainfbrWEBTasksattheThirdandFourthNTCIR  
Workshops［15，16］・   

AsampledatasetusedfortheroughⅢteringlSPrePared倉omNWlOOG－01・Wenrstcollectedl13，380  
pagescontalnlngSOmetyPicalJapanesefamilynamesandrandomiyselectedll，338pages，10％舟omthem  
（hereinafterwecallthissetofll，338pagesasJnamedata）．Eachofthepageswasthenmanuallyassessed  
by the authors according toits content and，ifnecessary，the contents ofthein／out－1inked pages・  
Consequently，WeObtained426positivesamplesandlO，912negativesamples■   

Weusedanothercorpusforevaluatingtheef托ctivenessoftheroughnltering・Itisl・36TB（1・5xlO12  
byte）webdocumentdatacontaining95，870，352webpages，NWlOOOG－04，WhichiscreatedfbrtheWEB  
Taskatthe柑hNTCIRWorkshop［17］．  

4．4．2Exper畳memtresll且ts   

ThefbllowlngeXperimentsarebasedonNWlOOG－01・WeselectparametersfbreachPGMbasedonthe  
fbllowlngPOlicy：ifthedifftrenceofpageamountsaroundthe99％recallareais srnallbetweentwo  
parametersets，thentheonethatcollectskeywords舟ommorepagesshouldbeselected・   
First，WeeXPerimentedonindividualsimplePGMswithtypicalparametersinordertounderstandtheir  
basicperfbrmances・TheresultsshowthatallthesimplePGMsdeteriorateintheirpageamountsthanSPM  
sincealotofnoisesareintroducedbythekeywordpropagation，butwithftwernoisesthanSSM・   
Next，WeeXPerimentedonmodinedPGM－Od，PGM－Ou，PGM－Ⅰ，andPGM－U，andcomparedeachof  
themtothecorrespondingsimplePGMwithtypicalparameters・TheresultsofPGM－Odshowthatalmost  
allnon－Organization－relatedkeywordsarecollectedfromwithinthesamedirectory・SincePGM－Odisthe  
onlyPGMthatpropagatesnon－Organization十relatedkeywords，WeSelecteds＝OalthoughmodinedPGM－  
Odsti11collectsaratherlargeamountofnoisepages・FocuslngOnarOundthe99％recallarea，thepage  
amountincreasesby80％overSPMwithsimplePGM－Od，WhereasmodinedPGM－Odcanreducethe  
increasedownto50％．TheresultsofPGM－Ou，PGM－Ⅰ，andPGM－UshowthatfocuslngOnarOundthe  
99％recallarea，althoughthepageamountincreasesby40％to120％overSPMwitheachsimplePGM，  
modinedPGMscanreducetheincreasetoalmostthesamelevelasSPM．   
Finally，WeeXperimentedoncombinationsofPGMswithseveralpromlSlngParameterSetS・Theresults  
areshowninFigure3comparingtoSPMandSSMplots・Inthengure，thex－aXisisthepageamountsnc（i），  
namely，thenumberofpagesinthecorpusthatscoredatleasti・They－aXisistherecallde重nedbyTb（i）／埠，  
Where入いSthetotalnumberofpositivesampledata，nP（i）isthenumberofpositivesampledatathatscored  
atleasti（1≦i≦12）．Foreachplot，themostupandrightdatacorrespondstoathresholdscorel，andevery  
nextonecorrespondstoathresholdscoreincrementedbyl・lngeneral，ahigherrecallandalesspage  
amountindicatebetterperformance；however，WeputPri0rityonrecall・   

Figure3showstherunresultsoftopthreebestperformedcombinationsofPGMs・Wewillreftrtoeach  
ofthemhereinafterasfbllows：  

PGM－Cl：PGM－Od＠5（0，2），Ou＃（1，3），I＃（0，3），U＃（0，3）  

PGM－C2：PGM－Od＠10（0，2），Ou＃（1，3），I＃（0，3），U＃（0，3）  

PGM－C3：PGM－Od＠20（0，2），Ou＃（1，3），I＃（0，3），U＃（0，3）   

Eachofthemusesallfourmodi丘edPGMswiththesameparametersexceptfbrOofPGM－Od．Ass＝Ois  
usedfbrPGM－Od，S＝1isselectedforPGM－Ou・Alltheotherparameterswereeventua11ythesameforall  
combinations．   

TheresultsshowthateventhebestperformedrunPGM－ClisinfbriortoSPMinalltherecallranges  
exceptfbr100％・However，itisshownthattheproposedmethodreducedthepageamounttoacertain  
degreedespiteitsuseofPGMs．  
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Recall  

100％  

99％  

98％  

97％  

96％  

95％  

6  7  8  

Pageamount（Xl，000，000）  
0  1  2  3  4  5  

Fig．3PerfbrmanceoftypicalPGMcombinations・   

4．4．3Considerations  

（1）Abilityto伽doYerlookedhomepages  

Inordertoevaluatetheabilityoftheproposedmethodto丘ndpositivepagesthatwereoverlookedinthe  
manualassessment，thepagesthatwerecontainedinJnamedataandscoredlessthan3withSPM，but  
scoredatleast4withPGM－C3，WereaSSeSSedand13newpositivedatawerefbund・Then，fbreachofthem，  
wecheckedthescoresforSPMandPGM－Clto－C3respectively．Thenumbersofthedatafbreachscore  
areshowninTable4．Theresultshowstheabilityoftheproposedmethodto貢ndpositivepagesthat  
CannOtbegatheredbySPMevenifweselectthethresholdscoreof3sothatthereca11ismorethan99％  
forthemanua11yassessedpositivesamples・  

Tablc40verlookedpositivepagesperscore  

ScorefbrSPM  

0   ユ  Total   

Scorehr  4   2   0   3  

PGM－Clto  0  7（6）  
C3  6－1ヱ  3  

Total  4（3）  8   口  13（12）  

Note：Each cellindicates the number ofpositive page．The  

numberinparenthesesisthatfbrPGM－Clonly．   

TakinglntOaCCOuntthenew13positivedatashowninTable4，reCallsofSPMatthresholdscoresof2  

and3shouldbecorrected舟om99．8％（425／426）to97．0％（426／439）andfrom99．1％（422／426）to96．1％  

（422／439），reSPeCtively．Bycomparingthesevalueswiththerecallsoftheproposedmethodsatthreshold  

SCOreS Of4and5respectively，itis obvious that the proposed methods outperfbrm SPM with5％  

SlgniBcance・Furthermore，fourofthepositivepagescannotbegatheredwithSPMevenifthethreshold  

SCOreissettol．ThisimpliesSPMcanhardlyachievethegoalrecallatanyf由siblepageamount．   

Furthermore，afailureanalysis on allthethreepagesthat scoredonly3withPGM－Clthrough－C3  

revealedthattheyareinsimi1arpatternandscoredonly2withSPM．Althoughtheyhavehyperlinkstothe  

researchers’personalhomepages，Ourmethodcannotexploitthembecausetheyexistinseparatesites．The  

fhctssupportthatfbrapplicationswhereonlyaninfbrmativehomepagesumceswhenmultiplehomepages  

exist fbraresearCher，the proposed method musthaveworkediftheirpersonalhomepages hadbeen  

crawled．   

Fina11y，aStherearetrade－0魚betweentherecallandthepageamount，itisdifnculttosaylngeneral  

WhichofPGM－Cl，－C2and－C3isthebest．Inordertoguaranteethattheoverallrecallwi11bemorethan  

98％consideringthecon重denceintervalbasedonthepositivesample datanumber，WeShouldsetthe  

thresholdscoreto4・Wewi11eventuallyselectPGM－C2asthemostappropriateonefbrthecurrentgoal，  

becausetherecallatthresholdscoreof4isthesamefbrPGM－C2and－C3．  

－28－   



（2）AppJicabilitytoaLargerDataSet   

Weappliedtherough創teringtothe）argerdatasetNWlOOOG－04withtheprocedurewhichissimilaras  
thatfbrNW100G－01・ApproximatecomputationalcomplexitiesoftheoverallprocesslngCOStfbrtherough  
ⅢteringisOいrlogN）whereNisthenumberofthewebpagesinthecorpus．   

The same parameters ofPGMs used fbrNWlOOG－01are applied to NWlOOOG－04．The threshold  

numberOofout－1inkpagesfbrPGM－Odissetas20・Thecandidatepagesaregatheredwiththethreshold  
SCOre4・Table5presentsthecomparisonoftheexperimentresults．   

Comparlngtheproportionofthepagesoutput舟omtheroughnltering，theexperimentresultshowsthat  

theoutputpag讐Canbereducedmoreforthelargerdataset（lessthan15％ofthecorpus）・Therefbrethe  
roughⅢteringlSnOtOnlyapplicabletobutalsomoree餓cientfbralargerdataset、However，aSWehave  

notassessedthecorrectnessoftheoutput，Stabilityoftheaccuracyisyettobeinvestigated・  

5TIleAccurateClassi茄cation  

5．1CompositionoftheAccurateClassification   

Figure4showsthe composition ofthe proposedmethod（95％recalland99％precision arethe  
exampIequalityrequirementfbrillustration）・Weusetwocomponentclassi鮎rstoconstructathree－Way  
Classi鮎r・The recalトassured（precision－aSSured）classinerassuresthetargetrecall（precision）withthe  
highestpossibleprecision（recall）．   

Thepagesoutput舟omtheroughnlteringarenrstinputtotherecall－aSSuredclassineranditsnegative  
Predictionsareclassifiedto㍑assurednegativen・TherestarethenlnPuttOtheprecision－aSSuredclassiner  
anditspositivepredictionsare classinedto＝assuredpositiveH・TheremalnlngPageS areClassi鮎dto  
“uncertain”，Whichrequlremanualassessment．   

Sincesupportvectormachine（SVM）isshowntobee餌cientandefftctivefortextclassincation，We  

usesvMJightpackage［18］byJoachimswithlinearkemelinthecurrentwork，tuningwithitsoptionsc  
（tradeoffbetweentrainingeTOrandmargin）andj（COSt－fhctorbywhichtrainingerroronpositiveexamples  
Out－Weighterrors on negatlVe eXamPles）・For alltheexperiments，the performance ofeachclassi鮎r  

COmPOSedbya氏aturesetisevaluatedbyprecision，reCall，OrF－meaSureWhicharede伽edas：   

♪recねわ〃＝＃correc7月o∫肋eクre成c血那／軸0∫肋eprg戎cJわ那   

点ecαJJ＝＃correcr卯∫肋叩redfc如乃∫／軸0∫肋e∫α〝甲Je∫   

み椚eα叩re＝2りrecねわがrec（才JJ／匝rec如才o打十J・犯明  

Fig．4Compositionoftheaccurateclassincation．  
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5・2SurroundingPageGroupandFea壬ureSet   

Whenapage（currentpage）isgiven，its surroundingpagesarecategorizedtogroupsGcJbasedon  

COrmeCtiontypesc（in－1ink（in），Out－1ink（out），anddirectoryentry（ent））andURLhierarchylevelsl（same，  

仰er，andlower）relativetothecurrentpage・ThecurrentpageconstitutesanindependentgroupG。IJrand  

al1defined sulTOundingpage groups are showninTable6．Each group ofGc．／hasits own potential  

meanlnglnaloglCalpagegroup．Forexample，G，nJ。WCOnSistsofin－1inkpagesinlowerdirectorieswhich  

mightrepresentcomponentpageshavingbacklinktotheentrypage，andGenI．z”eTCOnSistsofdirectory  

entry pagesin upper directories which mightrepresententry pages ofthe organizationtheresearcher  

belongsto．   

We usetextualfiaturesf．vkw，），Where tindicates a texttypeplain（plain－teXt－based）ortagged  

（tagged－teXt～based），Vindicatesava】uetypebina7γOrreal，gdenotesasurroundingpagegroup，andw，∈町  

denotesaftatureword・Then，COrreSPOndingtothegofeachGc．［，aftaturesubsetf，t・kwt）isgeneratedand  

fbaturesetsarefurthercomposedbyconcatenatingoneormorefbaturesubsets賞．vk）＝‡f，V（glWt）lw（∈Wi  

）．Figure5illustratesthe way to compose the fbature sets．Forinstance，fbature set“u－1”shownin  

Subsection5・4iscomposedbyconcatenatingftaturesubsetsonpagesinGcu，andG蠣，仰e，（SurrOunding  

Page grOupS Ofupperhierarchylevel）and ftature set“0－i－e－1”is composed by concatenatingftature  
SubsetsonpagesinGcu，andG・，・（allsurroundingpagegroups）・  

Tab丑e6Groupsofsurroundingpages  
r   鳥mt（′）   彗n（r）   れnt（r）  Merged   

鳥肌（′）  Gmr  G叫叔抑ビ  G恒仰  G叫∬胱  G曲。mビ   

彗。W（り  G叫加   Gれ加  G。／佃・   

凡pper（り  G叫仰ビr  G如脚′  G叫叩坪r  G仙脚r   

M訂ged  G叫〝〟   G両〝   G弼。〝   G。伽〝  

5．3TcxtType，FeatureWord，andValueType   

Weusetwokindsoftextualftatures・Plain－teXt－basedfbaturesちh，jn．・（＊）areextractedfromtextual  

COntenteXCludingtags，SCripts，COmmentS，etC．WeuseChasen［19］forJapaneseandRainbow［20］fbr  

Englishtotokenizepagecontents■Top2，000wordsareselectedasftaturewords町血b，basedonmutual  

infbmation．  

Dir∝tOryStnlCture  

Fig．5Compositionofftaturesets．  
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Tagged－teXt－based fbatures Fl。gged・（＊）are extracted n■Om teXt SegmentS“teXt”that match either  

“＞text＜”or“＜img…alt＝一▼text一一．．．＞”andthatarenotmorethan16byteslongomittingspacesinJapanese  

CaSe and4wordsinEnglishcase．We agalnuSe Chasen and Rainbowtotokenize the extractedtext  

SegmentS．Theobtainedwordswithlessthanl％創e丘equencyinJapaneseandalltheobtainedwordsin  

English are used as ftature words W。ggedSinceallofthemareconsidered aspropertywords・Inthe  

experiments，aftaturesetiscomposedbyfヒaturewordseitherplainaloneorplainandtaggedtogether，  

withthelatterindicatedbythesu用x“」ag”oftherunname・   

A bina7yValuej；，bin。Ⅳ（g，W，）representsthepresenceofwting・Arealvaluej；，，e。／＠，Wt）represents  

PrOPOrtionofpagescontainingwtwithing・Therealvalueistestedtoseeiffhtureworddistribution  
Withinsurroundingpagegroupsisinformative．Thetwovaluetypesareusedexclusivelyfbrcomposlnga  
ftatureset．Usingrealvaluetypeisindicatedbythesufnx“real”oftherunname・  

5．4Experimem由amdComs畳der如ions  

5・4・1Experimemtsus畳mglⅣeb－＞Kbdataset  

（1）Web一＞Kbdataset   

WeusedWeb－＞Kbdataset（inEnglish）fbrtestingtheef托ctivenessofprop？Sedftatures・Itisprovided  
bytheWorldWideKnowledgeBase（Web－＞Kb）PrqiectattheCMUtextlearn1nggrOupandiscommonly  
used as atest collection fbrthe web page classincationtask・It contains8，282pages collected丘om  
cornPuterSCiencedepartmentsof4universitiesandothermisce11aneousuniversities・A11dataareclassi鮎d  
into7categoriesand4categories，Student，faculty，COurSe，andprqject，areuSedintheexperiment・  

（2）Experimemtprocess   

Asrecommendedbytheprqject，WeuSedLeave－One－university－OutCrOSS－Validationmethod・Thepages  

ofmisce11aneousuniversitiesarealwaysusedastralnlngdata．Forcomparison，aftaturesetcomposedby  

ちl。m，bm叩（G。，，，）onlyisusedasthebaseline・   

TheftatureswereextractedwiththemethodshowninSubsection5．3．Around600tag－basedfbature  
WOrdswereextractedfbreachcategoryoftraiming－teStlngdatapalr・  

（3）Experim蝕treSults   

TheexperimentresultsofwellperfbrmedftaturesetsonWeb－＞KbdatasetareshowninTable7・The  
perfbrmanceofeachclassinercomposedbyaftaturesetisevaluatedbythebestF－meaSuretunedwithc  
andjoptions．Theoverallexperimentresultsshowthat，tag－basedfbaturesareconsistentlye脆ctiveand  
thedi銑rencescausedbythefbaturevalues，binaryorreal，arenegligible・0－i－e－1」agando－i－e－1」agJeal  
performed the best and u－1」ag also perfbrmed rather wellconsideringits relatively simple ftature  
COmPOSition．  

Table7ClassificationresultsofWeb－＞Kbdataset（inpcrcentageofF－meaSure）   

Classifier   COurSe  fhculty  project  student  Macro（4） Macro（3）   

baseline   68．41  76．01  39．62  74．95   64．75  73．12   

0－i－e－l   76．97   78．27  53．30  72．53   70．27  75．92   

u－1」ag   75．13   77．37  4l．49  71．5l   66．38  74．67   

0－i－e－1」ag   77．82   79．60  59．49  74．53   72．86  77．32   

0－i－e－1」agJeal  77．09   79．35  57．24  75．04   72．18  77．16   

（4）Comparisontopriorworks   

Wecomparedtheexperimentresultswithproposedmethodtopr10rWOrkswhichusedWeb－＞Kbdata  
settooinTable8・Theresultsshowthatourmethodout－PerfbrmedallthesevenprlOrWOrksbasedon  
macro－aYeragedF－meaSureOfallthefburcategories（Macro（4））andisalittleinftriortoonlylofthe  
sevenpr10rWOrksonmacro－aVeragedF－meaSureOfcourse，faculty，andstudentcategories（Macro（3））・Our  
methodout－PerfbrmedlOoutof120nPerpCategOrybasis（F－meaSureSOftheindividualcategoriesarenot  
availablefor40fthepriorworks）・  
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TabIe＄Perれ）rmanCeCOmparisontopriorworks（inpercentageofF－meaSure）   
metbod   COurSe 払culty  project  student  Macro（4） Macro（3）   

0－i－e－1」ag   77．8  79．6  59．5  74．5   7Z．9  77．3   

0－i－e－1」agJeal   77．1  79．4  57．2  75．0   72．2  77．2   

FOIL（LinkedNames）［11】   62．9   

FOIL（TaggedWords）［11］  59．1   

SVM（m）【3】  68．2  65．9  32．5  73．0  59．9  69．0   

SVM－FST（XATU）【41   60．9  40．9  66，5  25．3  48．4  42．4   

ME（m）［6】  62．7   

SVM－iWUM（CE＝l）［10］  54．7  87．6 17．1 95．S  63．8  79．4   

GE－CKO（FC5）［5】  76．5   

5．4．2ExperimentsuslngNWlOOGB－01sampledataset  

（1）NWlOOG－01sampledataset   

Wepreparedthesampledataset舟omNWlOOG－01・Firstly20，846pages（l％）wererandomlysampled  

丘omtherough創teringoutput，andtheneachpagewasmanuallyassessedbasedonitscontent（andthe  

COntent Ofits surroundingpages，ifnecessary）．Consequently，We Obtained480positive samples and  

20，366negativesamples・Weusetheformerandthe426positivesamplesusedintherough創tering  

experimenttogether（906inall）asthepositivesampledata，andthelatterasthenegativesampledata・  

（ユ）Experimemtprocess   

Five－fbld cross validationis adoptedfor allexperiments on NWlOOG－01sample data set・For  
COmparison，afヒaturesetcomposedbyi；h，jn，bin。ry（G。u，）onlyisusedasthebaseline・   

Firstweexperimentedwith氏aturesetscomposedbyftaturesubsetsち／。in，bin。，yな）withallpossible  

COmbinationsofg，s・Amongthem，WeSelectedseveralf由turesetsthatperfbrmedrelativelyhighrecall  

（precision）athighprecision（recall）area・Forthe selected ftaturesets，Fl。gged，bin。，y（g）inadditionand  

F・，，e。鹿）insteadareappliedtothemtoo・  

（3）E叩erimemtresults   

Overallperfbrmancesoftypicalclass漬ersonNWlOOG－01sampledatasetareshowninFigure6，and  

theirdetailsinhighprecision／recal1areasareshowninFigure7andFigure8，reSpeCtively－Eachcurveis  

drawnbyconnectingresults ofwell－performlngtuningparameters．The perfbrmancemeasuresofwell－  

perfbrmlngfbaturesetsandthebaselineareshowninTable9．Theoverallexperimentresultsshowthat，in  

thehighprecisionarea，thebestandthesecondbestperformlngftaturesetso－i－e－1」ag●realandu－しtag  

Slightlyoutperfbrmthebaselinebutthee飽ctivenessisunclear．Incontrast，inthemiddletohighrecall  

area，0－i－e－1Jag｝ealevidentlyoutperformSthebaselineandu－1」agalsoperfbrmsratherwell．  
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TabJe9PerbrmanceofweIIperbrmed鎚aturesets（iTIPerCentageOfF－meaSure）   
Featureset   BestF－meaSure  Rccallat99％precision  Precisionat95％recaIl   

0－i－e－リa鼠Jeal   88．65  20．86  4l．33   

u－1」ag   88．58  23．18  33．22   

baseline   83．26  17．9g  26．49   

5．4．3Considerations   

（1）E蝕ctivenessoftheproposedfbatures   

BasedontheexperimentresultsonNWlOOG－01sampledatasetandWeb－＞Kbdataset，theproposed  

fbaturesalltogetherareshowntobeef托ctivefbrthegeneraIperfbrmance（inF－meaSure）．Inaddition，the  

experimentresultsonWeb－＞Kbdatasetcomparedtootherpriorworks（showninTable8）notonlyshow  
theefftctivenessoftheproposedftaturesbutalsoshowthepossibilitytheproposedmethodisapplicable  

tootherresearch－relatedhomepagecategoriesand／orinotherlanguagethanJapanese．   

Besides，the experiment results on NWlOOG－OIsample data set show the proposed fbatures are  

efftctive fbrthe perfbrmance ofprecision／recalトassured classi重ers too・Surrounding page groups are  
generallyef托ctivebuttheircontributionsvary・   

Forprecision－aSSuredclassi鮎rs，theupperhierarchypagegroups（G・岬e，）contributethemosttothe  

recall．Itprobablyindicatesthatsuchpagesprovidecontextualinfbrmation，e．g．，Organizationnamesand  

research窮elds，WhichislackinginthecurrentpageitselfbutisverylmPOIlantfbrclassifyingthemwith  

Veryhighconndence・Forrecall－aS㌣redclassiners，allsurroundingpagegroups（G・，・）contributetothe  

PreCisionnotably，despiteoftheirnoISynatureS．   

Otherexperimentresultsnotpresentedherehaveshownthefbllowings・（1）Ifwegroupthesurrounding  
PageSbasedeitheronconnectiontypesoronhierarchylevels，muChpoorerperfbrmancewouldbeobtained．  

（2）Addingtagged－teXt－basedftaturesconsistentlygainedperfbrmance・Itcanbeinterpretedthatmany  
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noISyinfbrmation如mthe surrounding pages are suppressed by thetagged－teXt－based ftatures and  
consequentlytheirusefu1infbrmationcanbeexploited・（3）Efftctofvaluetypesvariesdependingon  
ftaturesetsanditsgalnismarglnal・  

（2）Reductiomofmanualassessment  

Inordertoknowthereductionofthepagesrequiringmanualassessment（i・e・，thepagesclassinedas  
uncertain）byusingtheproposedmethod，WeCOmParetWOCOmPOSitionsofthree－WayClassiners・Table10  
shows estimated page numbers ofclass捕cationoutput＆om NWlOOG－01at three difftrent quality  
requlrementSfbrtwothree－WayClassiners，OneuSlngbaselineandtheotheruslngthebestperfbrmed  
ftatureset，i．e．0－i－e－1」agJeal，aSbothrecall／precision－aSSuredclassiners・Comparlngthe“uncertain”class  
sizes，0－i－e－1」agJealsign摘cantlyreducestheamountofpagesrequlrlngmanualassessment，eSPeCiallywhen  
therequiredqualityisrelaxed・  

Tab  lelOEstimatedpagenumber50fclassi伽ationoutputfromthecorpus   
Requiredqua］ity   ba5eline   0－i－e－1」ag＿real   reductionratio   

assured  uncertain  assured  assured  uncertain  assured   
PreCision．／recall  

positive   （No）   negative   
No／Nb  

POSitive  （Nb）   r）egative  

99．5％／98％   3800   461832  1618988   9206  358207  1717187   77．6％   

99％／95％   6163  274524  1803913   11251   156782  1916567   57．1％   

98％／90％   11116  155418  1918066   15503  81157  1987940   52．2％   

6Conclusionsandfutureworks  

Inthispaper，WePrOpOSedarealisticframeworktoassurethequalityofthewebpagecollectionwith  
twostepprocesses：therough創terlngandtheaccurateclass浦cation・Inbothprocesses，Weintroducedan  

ideaoflocalpagegroupstruCtureanddemonstrateditse脆ctiveusesfbr創teringandclassifyingweb  
pages，Whereresearchers－homepagesareusedasanexample・  

Intheroughnlterlng，Wedescribedthemethodfbrcomprehensivelygatheringallprobableresearchers’  

homepages舟omthewebwithinasftwnoisepagesaspossible・Weproposedamethodofusingprope止y－  
basedkeywordlistscombinedwithfburpagegroupmodels・Twoorlgmalkeytechniqueswereusedto  
reduceirrelevantkeywordstobepropagatedbyexploitingthemutualrelationsbetweenthecontentandthe  
struCtureS amOng PageSin alogicalpage group：Out－1ink－number－based and keyword－1ist－tyPe－based  
keywordpropagation・  

Intheaccurateclass摘cation，WePrOPOSedawebpageclassincationmethodforbuildingahighquality  
homepagecollectionusingsupportvectormachine（SVM）withtextualftaturesobtained舟omeachpage  
anditssurroundingpages・Thesurroundingpagesaregroupedbasedontherelativelocationconsidering  
theconnectiontypesandtherelativeURLhierarchy，andanindependent飴aturesubsetisgenerated舟om  
eachgroup・Usingthefbaturesetcomposedbyconcatenatingthefbaturesubsetswhichisourorlglnalkey  
teclmique，WehaveachievedanevidentimprovementofclassiRcationperfbrmanCe・Furthermore，byuslng  

arecall－aSSuredclassinerandaprecision－aSSuredclassiBerincombination，WepreSentedthemethodfbr  

aCuratelyclassifyinginputdatatoassuredpositive，aSSurednegativeanduncertainclassesforassuring  
glVenPreCisionandreca11，SOthatonlythe“uncertainMoutputshouldbemanuallyassessed・Applyingthe  

PrOPOSedfbatures，Wehaveshowntheamountofthe山uncertain門outputisslgnincantlyreduced・   

Althoughwehavenotappliedourmethodto othercategories，WeeXPeCtOurmethodise脆ctiveto  

manyothercategories，SuChasshopplng，PrOductcatalogs，andsoon．Intermsofinfbrmationservice，the  

high－qualityco11ectionsbuiltwithourmethodwi11beapplicabletovariousdomainspeci且csearchengine  
with guaranteed high quality. 

Eventhoughourmethodis e餓cientandefftctivetoacertaindegreetofu1nlltheobjectivesofthe  
researCh，itisnotsatisfhctoryyet．Hence，Wewi11continuetheworkmainlyonthefo1lowlnglSSueS：   

Fortherough別tering，WeWi11trytofindasystematicwayfbrextractingtheproperty－basedkeywords  

andthepropertysetandto combineindividualkeywordlists with otherpossiblekeywordtypesina  
SyStematicwqy．  
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Fortheaccurateclassincation，WeWilltrytoexploitvariousfヒaturesonotherpromlSlngClues，SuChas  
nletypesoflinktarget，anChortext，OrPagetagStruCture，etC・Wewi11fhrtherinvestigatethewayto  
estimatethelikelihoodofthecomponentpagesandtointroduceittothecurrentmethod・  
Inconclusion，tOtaCklethediversityofwebdatabyexploitingtheirrichweb－basedfbaturespursuinga  
veryhighperfbrmancewithlessprocesslngCOStisachallenglngPrOblem・Themethodpresentedinthis  
paperisconsideredtoglVeageneral＆ameworkforsoIvingthesamekindofproblemsandwehopethat  
themethodwillbene斤tandcontributetotherelatedresearchonwebinfbrmationutilization．  
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