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Abstract  

The rapid advances ofworld wide web（WWW）technology havc made a  

hugeamountorinfbrmationavailableovertlleIrltCrnet．Infbrmationonthe   

WWWis usually provided as structurcd HTML and XML documents．It  

has，therefbre7becomemoreandmoreimportanttouseandmanagethese  

StruCtureddocumentsefhciently．   

Bothbrowslngandquerylngaregenerallyusedtoaccessandidentifyuse－  

fulinhrmationcontainedinahugenumberofdocuments．Individualusers  

havetheirownapplication－SPeCi6crequircments，Whichshouldbercspccted  

inthequerylngandbrowslngenVironments・Inthissense，requiremcntadapt－  

abilityisadesirablef6ature払rquerylngandbrowslngSChemes・   

Whenusersbrowsedocuments，theyhaveinterestsrelatedtotheiraims．  

TheWWWenvironmentcomprisesahugenumberofdocuments，SOmeOf  

Whichmaybeverylarge・Thismakesitdi代．cult払ruserstoidentifysub－  
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StruCtureS andreglOnSrelevanttotheirinterests．Afacilityisneededthat  

makesiteasytoidentibTdescriptionsthat飢individualuserrequirements．   

When a userissues queries to structured document databases，SOme  

queries need functions that depend on thestruCture and content descrip－  

tionsofstructured documents・Given access tothesefunctions，auSerCan  

払rmulatequeriesinamorestraightforwardway．Itis，however，Verydi伍cult  

toprovideacompletesetoffunctionsthatcancopewithvariedrequirements．  

Sousersneedquerylanguagesthatcanbeextendedtoadopt user－defined  

functions．   

Thisdissertationdiscussestherequirementsfbradaptablebrowslngand  

queryingscherneS払rstructureddocuments・Itincludestwosubjects：（1）A  

SChemetosupportbrowslngWWWpagesandidentifyingrelevantdescrip－  

tionswithinthem，basedonauserつsinterest，and（2）anXMLquerylanguage  

CalledX2QLfbaturingextensibilityviauser－de丘nedfbreignfunctions．The  

PrOpOSedschemesenableuserstogetneededinfbrmationwithinstruCtured  

documentsinarequlrementadaptablemanner．   

Onthefirst subject，abrowsingsupport scheme based on speci丘cation  

Ofthe user’sinterestisstudied．In this scheme，the user’sinterestis ex－  

Plicitlyexpressed asauserprofi1e・VirtualWWWpagesca11ed view－Pa9eS  

tailoredtotheuser’sinterestarethendynamical1ygeneratedandpresented  
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whenbrowsing theWWW・View－pageSeSSentially show summaries ofex－  

istingHTMLpagescomplyingwithuserinterests andthelevelofdetai1s  

specifiedintheuserprohle・Withthisscheme，uSerShavingdifferentinter－  

estsareglVendifferentviewsoftheWWW・   

We developed a prototype system that provides view－pageSin a non－  

intrusivewayinthecurrentWWWbrowslngenVironment・Thisdissertation  

explainsthe architecture・The usercanenJOytheproposedfbatures uslng  

ordinaryWWWbrowsersratherthanresortingtospecialbrowserstailored  

fbrthispurpose・   

Onthesecondsubject，anXMLquerylanguagecalledX2QL，Whichfba－  

tures theinclusion ofuser－defined jbrei9n舟nctions，is proposed・Foreign  

functions are provided as externalprograms writtenin programmlnglan－  

guages．x2QLprovidestheframework払rimplementingfbreignfunctions・  

It de丘nes the type systen，internalobject modelandJava binding・13y  

includingappropriateuser－de且nedbrelgnfunctions，individ11aluserscanex－  

tendtheprocessingpowerofX2QL・Thisextensibilitymakesitpossibleto  

integratetheprocesslngfacilitiesfbrapplication－Orientedhigh－1evelcontents  

intoquerylngdocuments・   

Thisdissertationalsoexplainsascheme丘）rimplementingX2QLquery  

PrOCeSSlngSyStemSOntOpOfXSLTprocessors・Thisinvolvesatranslation  
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schemeforX2QLqueriesintoXSLTtemplaterules．Wehavealreadydevel－  

opedanX2QLqueryprocessingsystemthatfbllowsthescherne．   

Adaptabilityhasbecomemoreandmoreimportantinaccesslnganduslng  

StruCtureddocuments・Theproposedschemesshowpromiseinrealizingthe  

adaptabilityrequlrementS董brbrowslngandquerylngStruCtureddocuments．  
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Chapter 1 

Introduction  

TherapidadvancesofWWWtechnologyhavemadeahugeamountofin－  

fbrmationavailableovertheInternet．InformationontheWWWisusually  

provided asstructureddocumentswrittenin HTML andXML・XML，eS－  

pecially，has attracted agreat dealofattention as a standard fbrmatfbr  

infbrmationexchange払rWWWpublishing，electroniccommerceandstor－  

1ngaPplicationdata．Ithas，therefbre，becomemoreandmoreimportantto  

useandmanagethesestructureddocumentse侃ciently・Avarietyofschemes  

andtooIsaddressingtheissueshavebeeninvestigatedtodate【1】［2】・   

Bothbrowslngandquerylngaregenerallyusedtoaccessandidentifyuse－  

fu1infbrmationinahugenumberofdocuments・Individualusershavetheir  

OWnaPplication－SpeCi6crequirements，dependingontheirpurpose・Theirre－  
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qulrementSShouldberespectedbythequerylngandbrowslngenvironments・  

TherecanbeavarietyofrequlrementSintheircontext，SOtheenvironments   

andtheirschemesshouldbeadaptabletovariedrequlrementS・   

Whenusersbrowsedocumentstofinddescriptionsrelatedtotheiraims，   

theymustaccess anumberofdocumentsin，ibrexample，theWWWenvi－  

ronment．Beyondthat，SOmeOfthosedocumentsmaybeverylargeandmay  

COntain many unrelated parts．This makesit di用cult fbrusers toidentify  

Substructures and reglOnSrelevant totheirinterests，CVenifWWWsearch  

englneSreturninterestingdocuments・Afacilityisncededthatmakesiteasy  

toidentifydescriptionsthatfitindividualuserrequlrementS．   

When a userissues queries to structured document databases，SOme   

queriesneedfunctionsthatdependonthestructureandcontentdescriptions  

Ofstructureddocuments・Ifthequerylanguagea1lowstheuseofsuchfunc－  

tions，theusercanfbrmulatesuchqueriesinastraight払rwardway．However，  

documentstructureisdesignedinresponsetothepurpose，andcontentsare  

Writteninnaturallanguage．Thisdiversitymakesitverydi侃culttoprovide  

acompletesetoffunctionsthatwillcopewiththevariedrequlrementS，Users  

needquerylanguagesthatcanbeextendedtoadoptuser－definedfunctions．  

ThisdissertationdiscussesthefollowlngtWOSubjects．  

2   



1．AsupportingschemefbrWWWbrowslngbasedontheuser’sinterest  

［3］［4】   

2．AnXMLquerylanguage，CalledX2QL，featuringextensibilityviauser－   

definedfbreignfunctions［5］  

Theschemesproposedinthisdissertationenableuserstogetneededinfbr－  

mation within structured documentsin away thatis adaptable tovaried   

requlrementS．  

BrowsingWWWPagesBasedonUserProfiles  

Asmentioned，WhenbrowslngWWWpages，itisdifRcultfbruserstoidenti付  

SubstructuresandreglOnSrelevanttotheirinterests・Theproposedschemein  

thissubject allowsusers toidentiけthesesubstructures and reglOnSWithin  

each WWW page writtenin HTML byproviding view－Pa9eS・View－PageS  

COnSistofsubstructuresrelevanttotheirrequirementsandaredynamically  

generatedh・OmSpeCifiedWWWpages．Eachuser’srequirementsarerepre－  

Sented asa userprqβle，Whichcontainsakeywordset andadetai11evelof  

View－PageS；itisusedtogenerateview－pageS．   

Documents genera11y have hierarchicallogicalstructures comprlSlng  

meanlngfu1blocks ofcontents．rIb providein払rmativedescriptions払rin－  
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dividualusers，View－PageSShouldcontainf6wdescriptionsirrelevanttouser  

requlrementS，and theirorlglnalcontents andloglCalstructures should be  

respected．Providingautomaticallygeneratedmini－Summariesisnotalways  

suitable to our purpose，Whichis to help users browseindividualWWW  

pagesandroughlyunderstandtheircontents・Thisisdoneratherthanhave  

the user select pages丘・Om many Candidate pages・View－pageS are gener－  

atedbyprunlngaWayirrelevantsubstructuresh・OmSpeCifiedWWWpages  

basedontheirloglCaldocumentstructures・Notethatgeneratedview－PageS  

mustbevalidHTMLdocuments．Ourprocedurestoprune awayirrelevant  

substructuresandtogenerateHTMLdocumentsensurevalidity・   

Instructureddocuments，loglCalstructuresareindicatedbymarkupsem－  

beddedastags．However，HTMLtaghierarchiesdonotalwayscoincidewith  

adocument，sloglCalstructure．HTML tags construct nat structures and  

SOmeareuSedtoindicatephysicalpresentationf6aturesratherthanloglCal  

StruCtureS．Tbovercomethisshortcomlng，Weintroducelo9icaltrees，Which  

representloglCalstructures．Theyarederivedbyderivationrulesbasedon  

HTMLtags．ThederivationrulesareapplicabletomostHTMLdocuments・   

RelevanceofeachsubstructuretoauserrequlrementCanbejudgeduslng  

methods ofinbrmation retrieval．This dissertation uses the vector space  

model．Eachnodescoreofthelogicaltreeiscalculatedbythesimilarityof  

itscontentsandthekeywordsetinaglVenuSerprOfile・Thescoreisthen  
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COmparedwith the detai11evelglVen by theuserpro丘1e・Note that some  

HTMLtagsareusedtoemphasizeencloslngPhrases，andsomesubstructures  

playlmPOrtantrOlesinthedocuments・Wetakethesefactsintoaccountwhen  

calculating the node score. 

A prototype systemimplementingour scheme has been developed・In  

thisdevelopment，Wetakeintoaccountthefbllowingpoints．（1）Userscan  

useordinaryWWWbrowserstobrowseview－pageS・Itisnoteasytodevelop  

anewfullyf6aturedWWWbrowser．AndevenifwecouldbuildoneフuSerS  

have aright to use theirfavoriteWWW browsers・Therefbre，WeprOVide  

View－PageSthroughanHTTP proxyserverf6aturingview－pagegeneration・  

（2）UserscaninteractivelyandeasilycontroIview－pagegeneration・When  

View－PageSarePrOVidedfbrindividualusers，theydonotnecessarilyfittheir  

requirements，becauseappropriatedetaillevelsgenera11ydependonbrowsed  

pages．Moreover，itisdesirablethatausercanbrowseeachpageatvarious  

detaillevels・So we also display theloglCaltreeofthe page andits node  

SCOreSVisuallyuslngaJavaapplet．Thisappleto鮎rscluesthata1lowusers  

tomodifytheiruserprofi1es．   

Finally，We eXPerimenta11y evaluate theproposed scheme against three  

Criteria・（1）First，WeeValuatevalidityofthelogicaltreesderivedh・OmeaCh  

glVenpage・TheloglCaltreesmusthaveanappropriatestructuretoextract  

Substructuresfbrinclusioninview－pageS・（2）Second，WeeValuatecorrectness  
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OfthenodescoresinagivenloglCaltree・Whenthegivenlogicaltreestructure  

andcalculatednodescoresarecorrect，thegeneratedview－pageCanCOntain  

Onlytheappropriatesubstructureswithintheorlglnalpagebyadjustingthe  

detai11evelofview－PageS・（3）Third，Weappliedthe abovetwoevaluation  

methodstomoregeneralWWWpages・Inthisexperiment，WeuSedWWW  

pagessearchedbytheGoosearchengine・Wecancheckelrectivenessofthe  

proposedschemeinamorerealisticcontextofWWWpagebrowslng．  

Ⅹ2QL：AnExtensibleXMLQueryLanguage  

XMLhasattractedagreatdealofattentionasastandardfbrmatfbrinfbト  

mationexchange，andthenumberofXMLdocumentshasbeenincreaslng・  

Ithasthereforebecomemoreandmoreimportanttouseandmanagethese  

StruCtureddocumentse航ciently．QuerylanguagesfbrXMLdocumentsplay  

importantroIcs，justastheydointhecontextoftraditionaldatabases，and  

manyXMLquerylanguageshavebeendeveloped．   

XML a1lows users to de丘ne their own document structures，and their   

StruCtureSgenerallyintroducedatastructures．Itshouldbepossible，there－  

fbre，fbrstructure－dependentfunctionstobeusedinqueries．Additionally，   

theircontentsarewritteninnaturallanguages，SOSOmequeriesrequlreCOn－  

tent processlngfunctions，Some examples are similarity－based selection，  
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ranking，autOmaticsummarygeneration，andothercontentprocesslngfunc－  

tions．Thus，itisverydifhcult toprovideacompletesetofsuchfunctions  

to cope with the varied requlrementS・Thisis whyXMLquerylanguages  

shouldbeextensible．Whenwestartedinvestigatingthissubject，therewere  

noXMLquerylanguageswithexcellentextensibility．   

ThisdissertationproposesextensibleXMLquerylanguageX2QL，Which  

fbatures theinclusionofuser－de丘nedhrei9nルnctions．X2QLisbasedon  

XML－QL，Whichis the best－known XML querylanguagef6aturingpower－  

ful，tag－baseddocumentstructuremanipulation．WedesignedX2QLusing  

XMしQLasaplacetostart．InX2QL，fbreignhlnCtionsarewritteningen－  

eralprogramminglanguages，andthecurrentversionofX2QLsupportsJava  

binding．   

First，WeintroducetwokindsoffbreignhlnCtions：9eneralhmctionsand  

element methods．GeneralnlnCtions are normalfunctions：they compute   

returnvaluesh・OmglVenargumentValues．Elementmethods，Ontheother  

hand，are aSSOCiated with element types．Each element methodisinvoked   

fbr an element andits execution depends on the elementitself．Element  

methods enable object－Oriented fbatures・Tb de呂ne andimplementfbrelgn  

functions，We define data types that represent pleCeS OfXML documents．  

Individualelementtypescanalsoberegardedasdatatypes．Therefbre，We  

treatelementsaselementobjectsinqueryprocessing，andprovideinterfaces  
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toinvoke element methods and tostore objects createdby theimplemen－  

tationasproperties．Theseinterfacesmakeitpossibletotreatelementsas  

statefulobjects．WethendefinethemapplngOftypesintoJavainterfaces  

andinvocationmechanismsoffbrelgn仇1nCtionimplementations．   

WehavedevelopedanX2QLqueryprocessorontopofanXSLTproces－  

SOr．XSIJris apopular XML trans払rmationlanguage，andseveralXSIJT  

processors are available．The rationale fbr ourimplementation approach  

is three一弘1d・（1）The approach contributes to rapid development ofthe  

query processor．We have been able to build our query processor by de－  

Veloplng董brelgnfunctioninvocationmechanismsandquerytranslationinto  

XSI∬templaterules・（2）AnimplementationontopofXSI∬processors  

assures a certainlevelofportability．XSIJr allowsits processors to have  

implementation－dependent fbatures，払rinstance，eXtenSionfunctions．We  

needthemtoimplementbrelgnfunctionsontopofXSI∬processors・These  

ftaturesareabstractedbytheadoptermodulefbreachXSI∬processor・（3）  

X2QLcanworkasa丘ontendtoXSI∬processors．XSUrspecificationsare  

low－1evelandprocedural，andtheyaredi用．cultfbrnoviceusers．   

Fina11y，Weintroduce advanced f6atures：a99re9ation舟nctions and a  

Variable bindin9βlterin9meChanism．We calla tupleforeach set ofvari－  

able bindings，Whichis generated by a vhere clause and consumed by a  

COnStruCt Clausein query processlng・Aggregationfunctions areforelgn  
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functions，Whichcomputeavaluefrommultipletuples，forinstance，themax－  

imum，minimumoraveragevalue・Thevariablebindingfi1teringmechanism，  

on theotherhand，isused to controlthe tuplesequence．Thismechanism   

enablesuser－definedre－Ordering，Selection，andotheractivities，byuslngfoト  

eignfunctionscalledj；lierin9舟nctions・Javabindingofthesefunctionsis  

definedandourimplementationapproachmakesitpossible払rthesef6atures  

tobeimplementedusingXSLTprocessors・  

Outline  

The remainder ofthisdissertationisorganized as fbllows，Chapter2de－  

SCribesthebackgroundoftheresearch．Structureddocumentsareexplained・  

Thevectorspacemodelisthenexplainedinthecontextofinfbrmationre－  

trieval．Fina11y，XMLprocesslnglanguagesaredescribed．Thedescription  

includes XML－QL and XSLT，Which are XML query and translationlan－  

guages．Chapter3surveysrelatedworks，Chapter4explainsoursupporting  

SChemefbrWWWbrowslng．ThisincludesloglCaltreederivation，View－page  

generation，prOtOtype SyStem development，and experimentalevaluations・  

Chapter5describesX2QL．ThisinvoIvesthequerysyntax，foreignfunctions，  

thedevelopmentofqueryprocessorontopofXSLT，andadvancedf6atures．   

Finally，Chapter6concludesthedissertation．  
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Chapter 2 

Background  

Thischapterfirstexplainsstructured documents．Second，thevectorspace  

modelfbrinformationretrievalsisexplained・ThechapterthenglVeSSimpli－  

fiedoverviewsofXML－QLandXSLT，WhicharelanguagestoprocessXML   

documents．  

2．1 Structured Document  

Ingeneral，documentssuchasnewsarticles，teChnicalpapersandbookshave  

internalstructures．Forexample，aneWSarticleconsistsofitsheadline，date，  

CategOry，bodycontainlngSeVeralparagraphs，and so on．Tb makepossi－  

bletheexchangeofstruCturalinfbrmationaswellastext，SGML（Standard  
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Generalized Markup Language）was developedin1986［6］・SGML docu－  

ments have two main parts‥Thefirst partisthe DTD（DocumentType  

Definition），Whichlistsrulesfbrthelogicalstructureofthedocument・The  

SeCOndpartistaggedtext，WhichconfbrmstotheDTD．SGMLreceiveda  

boostinpopularitywhentheU．S・DepartrnentOfDef6nseadopteditasthe  

Standardfbrmilitarydocumentation・SGMLwasalsoadoptedasthebasisof  

theHytimehypermediadescriptionlanguage［7】・However，thebest－known  

applicationofSGMLisHTML（HyperTextMarkupLanguage），Whichisthe  

languageforcodingWWWpages［8］andhasbeenadoptedbyW3C（World  

WideWebConsortium）・HTMLdocumentsareSGMLdocumentswithin－  

ner document structures coded agalnSt a predefined DTD・In1997，XML  

（ExtensibleMarkupLanguage）wasdevelopedasanextgenerationlanguage  

fbrWebpagecoding〔9］・ⅩMLisasimplifiedversionofSGML，andallows  

Webpages to have user－defined document types．In2000，HTMLwasre－  

fbrmulatedasanXMLapplicationandnamedXTHML（ExtensibleHTML）  

【10］・   

Figure2．1shows a sample XML document．The text surrounded by  

“＜！DOCTYPE rvot［”and H］＞”in the documentis the DTD．Itis fbllowed   

bythetaggedtextpart．Taggedtextisdividedintoelemenlsenclosedbya  

Startta9“＜ta9＞”andanendta9“＜／ta9＞”，Where“ia9”isa9enericiden瑚er  

representingthe elementtype・Elementscanhave attributes，Whichconsist  

Ofthe attributenamesand attribute values．Theyaredescribedasthe払rm  
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“name＝‖value‖”instarttags．Elementscanbenestedwithinotherelements．  

TheDTDprescribeshowtheelementscanbehierarchica11yconstructedby  

Childelements・TherootelementisspecifiedbytherootintheDTD．XML  

a1lowsinstance documents wit，hout DTDs．Such documents are called well－   

for・med．DocumentswithaDTDarecalledvalid．   

In Figure2・1，eaChline starting with“＜！ELEMENT”in the DTDis an  

elementiype dqfinition．It defines an element nameandits content model，  

Whichistheruleforcontentstructureoftheelementtype．TherootDocument  

element consists of one or more Article elements．An Article element   

isasequence ofDate，Category，Location，Headline and Bodyelements・  

Note that the Location elementis optional．Additionally，eaCh Article  

elementhasanattributenamedAID，WhosevaluesglVeidentinersofArticle  

elements・ADateelementisalsoasequenceofYear，MonthandDayelements・  

TheBodyelementconsistsofoneormoreparagraLPhelements・Theelement  

types such as Year，Month，Day，Category，Headline and Pa・ragraPh are  

definedashavingnointernalstructures．   

Instructureddocuments，StruCturalirregularityiscausedbycontentmod－  

elswithrepetitionsbyH＋”and‖＊H，OPtionalstructuresbyH？‖，andselections  

by“J”・Thus，theyareoftensaidtobesemi－StruCtureddata［11］［12］・  
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＜？ⅩML version＝‖1・0．r encoding＝一■UTF－8‖MD＝‖ALLll？＞  

＜！DOCTYPE Docunent［  

＜！ELEMENT Document  
＜！ELEMENT Article  

＜！ATTLIST Article  
＜！ELEMEⅣT Date  

＜！ELEMENT Year  

＜！ELEMENT Month  

＜！ELEMENT Day  

＜！ELEMENT CaLtegOry  

く！ELEMENT Location  
＜！ELEMENT Headline  
＜！ELEMENT Body  

＜！ELEMENT Paragraph  

Article＋＞  

（Date，Ca・tegOry，Location？，  

Headline，Body）＞  

AID ID ＃REqUIRED  

（Year，Month，Day）＞  

♯PCDATA＞  

♯PCDATA＞  

＃PCDATA＞  

＃PCDATA＞  

♯PCDATA＞  

＃PCDATA＞  

Paragraph＋＞  

♯PCDATA＞  

］＞  

＜Document＞   

＜Article AID＝l120000101－001Ir＞  

くDate＞  

＜Year＞2001＜／Year＞ くMonth＞1＜／Month＞＜Day＞1＜／Day＞  

く／Date＞  

くCategory＞Financial＜／Category＞  
＜Headline＞‥．＜／Headline＞  

くBody＞  

＜Paragraph＞ ‥・＜／Paragraph＞  

くParagraph＞ ‥・＜／Paragraph＞  

くノ用ody＞   

＜／Article＞  

＜／Document＞  

Figure2．1：SampleXMLdocument  
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2.2 Vector Space Model 

Inin重brmationretrieval，documentsarecomparedwitheachotherorglVen  

SearCh requests，Called queries，and most similardocuments are obtained．  

The vectorspace modelisthe best－known scheme払rinformationretrieval  

SyStemS［13］・   

Inthevectorspacemodel，documents arelocatedina documentspace，  

andtheyarerepresentedasvectorsfromtheorlgintotheirlocations．The  

axes ofthe document space correspond to document fbatures．Generally，  

features are given by the weights of indexed terms. A query given by a 

keyword setis represented asaf6ature vectorinthesameway．Af6ature  

VeCtOrl亮ofdocumentdisfbrmulatedasfbllows：  

鴇＝（叫卯1，W郎2，…ル射れ）  

Whereeachtiisanindexedtermandwd，tiisitsweightind・   

The most standard method ofgivingf6ature weightsis抑榔In this  

method，theweightwd，tOftindisglVenbythefbllowlngeXPreSSions‥  

町巾 ＝ 兢，t・宜仇，亡  
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棚＝log（品）  

Where兢，tisthenumberofoccurrenceofthetind，CalledthetermPequency  

hctor，Nisthenumberofa11documents，andntisthenumberofdocuments   

includingf・Thei（机iscalledtheinversedocument舟equencyhctor・   

Thesimilaritybetween adocumentdandaglVenqueryqiscalculated  

bytheわiandar4）cosinemeasure：  

l′：ナOt●；  

β宜m豆gαr軸（d，ヴ）＝CO£れe（鴇，埼）＝   
l昭‖」l埼II  

TherangeofthecosinemeasureisOtol，anditgivesthehighestsimilarity  

valueofl．O to the same vectors．   

Inthestandardcosinemeasure，thelengthsofvectorsarenormalizedto  

l．O so that thesize ofeach documentis not explicitlytakeninto account．  

Therefbre，Whenthecollectioncontainsdocumentsofdiff6rentlength，Smaller  

documents tend to have higher similarityvalues［14］．Tb dealwith this  

PrOblem，Singhalandothersproposedthe C－Pivotmeasure［15］．According  

totheC－Pivotmeasure，thesimilaritybetweenthedandqiscalculatedas  
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bllows：  

l克  
β豆m〃αγ軸（d，ヴ）＝   ○  

（1－ぶ）・エ＋ぶ・仇Il坑Il   

WhereListheaveragenumberoftermsinthedocuments，Ubisthenumber  

Ofdistincttermsind，andSisaslopeconstantin［0，1］．Theslopeconstant  

isdecidedemplrlCally．  

2．3 ⅩML QueryLanguage  

In database managementsystems，querylanguagessuch as SQL［16】and  

OQL［17】have been used to access databases・Querylanguagesmakeit  

easytospecifyrequireddataindatabasesandtoaccessitusingdeclarative  

and powerfu1expressive power．Querylanguages have been proposed fbr  

XMLdocumentsandtheirdatabases，becauseithasbecomemoreandmore  

importanttouseandmanagethesedocumentse伍ciently・   

ThissectiongivesasimplifiedoverviewofXML－QL［18］，thenXSI∬【19】・  

ⅩML－QListhebest－knownXMLquerylanguageandthebasisofX2QL．  

XSIXis the most widelyusedXML transfbrmationlanguage．XS工∬isa  

low－1evelandprocedurallanguagetoprocessXMLdocumentsandisused  

byourX2QLqueryprocessor．  

16   



2．3．1 ⅩMしQIJ  

ⅩML－QL［18】isanXMLquerylanguageproposedtoW3CbyA・Deutsch  

andothersin1998．It allowsdeclarativedescriptions toextractdataftom  

XMLdocumentsandintegratethemintoaresultingdocument・  

ⅩMしQIノQuery  

ThebasicsyntaxofanXML－QLqueryasfbllows・  

where  patterns［in source］［，Paiterns［in source］］＊  

［，predねαまe］＊  

［orderLby orderin9keys［descending］］  

COnStruCt COnSiruction qfeachou卸ut   

Forexample，glVenthesampleXMLdocumentinSection2・1，thequery  

togenerateanewXMLdocumentinwhicharticlespublishedafter1999are  

selectedandgroupedbythecategoriescanbespeci丘edascodedbelow・  
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where  ＜Docunent＞ ＜／＞ content＿aS ＄Ⅹ  

COnStruCt ＜Document＞   

where  ＜Article＞  

＜Date＞＜Year＞＄y＜／＞＜／＞  

＜Category＞＄c＜／＞  

＜／＞ element＿aS ＄ain＄Ⅹ，  

V
J
 
C
 
 

＄
 
＄
 
 

＞＝1999  

Order－by  

COnStruCt＜GroupID＝CtgID（＄c）＞＄a＜／＞  

＜／＞  

Whereclause：ThisclausespeciBestheelementpatterns，predicatesっand  

variable bindings・Element patterns are glVen by XML－1ikefbrms・Each  

variableis bound to either an element，the content ofan element，an el－  

ement name，an attribute name，Or an attribute value・The expression  

element＿aS＄Ⅹbindsthevariable＄ⅩtOtheprecedingelement，andtheex－  

pression content＿aS＄Ⅹbinds＄ⅩtO thecontentofthe precedingelement・  

Theexpressioncontent＿aS＄Ⅹisabbreviatedtothevariable＄ⅩenClosedby   

tags・   

Intheaboveexampleっ＄ⅩisboundtothecontentofaDocu皿entelement  

inthefirstwhereclause．Variables＄a，＄c，and＄yareboundtoanArticle  

element，thecontentofaCategoryelementintheArticleelement，andthe  

content ofaYear elementintheDate element，reSpeCtively，inthesecond  

where clause．Moreover，theYear valuemustbegreaterthanorequalto   

1999．  

18   



Construct clause：This clausespecifieshowtoconstruct anoutputeト  

ement fbreach set ofbound variables・The queryresultis asequence of  

Outputelements．Asshowninthisexample，thewhere・・・COnStruCtClauses   

maybenested．   

EachoutputelementcanbeglVenitsIDattributevaluebyaSkolemfunc－  

tion．TheSkolemfunctiongivesone－tO－Onemappingfromasetofarguments  

toanID attributevalue．Inthe queryresult，elements thathavethesame   

elementname，ParentnOde，andIDvaluearegroupedintoaslngleelement．  

Thisfbaturecanbeusedtogroupelements．   

TheabovequeryreturnsaDocunentelementthatcontainstheresultof  

the subquery・The subquery returns asequence ofGroupelements・Each  

Groupelement has aone－tO－One COrreSPOndencetoaCatagoryvalue7and  

COntainsArticle elementsofthecategory．EachArticleelementisglVen   

by＄a．  

Order－by clause：Thisclausespecifies theorderingofoutputelements・  

Theyaresortedbythesortkey・Intheabovequery，theoutputelementsare  

sortedintheascendingorderofthevalueof＄c，namelytheCategoryvalue・  
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Function Definition  

ⅩML．QL supportsfunctions，Which are canned queries with arguments．  

Function are coded as fbllows：  

function♪上れC如m－mαme（α叩祝meγもH由ま）  

．て几〃ノー（ブ上伸だ7甘  

end  

EachfunctionisaquerythatcanincludeunboundvariablesglVeIlinfunction  

arguments・ThereturnvalueofahlnCtionistheresultofthequery．  

2．3．2 ⅩSLT  

ⅩSI∬［19］is an XML transfbrmationlanguagefbrXSL（ⅩML stylesheet  

language）［20］and aW3Crecommendation．SeveralXSLTprocessorsare  

available，andtheirusehasbecomepopularinthecontextofXMLdocument  

PrOCeSSing．  
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Template Rules 

AtransfbrmationexpressedinXSLrisanXMLdocument，Calledastylesheet，  

whoserootelementisxsl‥Stylesheet containingasetoftemplaterules・  

W占explaintemplaterulesbydescribinghowdocumentmanlPulationuslng  

theた）1lowingX2QLqueryisexpressedinXSIX・ThisqueryextractsI七em  

elements whoseⅣunber element values areless thanlOO．Its rcsultis a  

DocunentelementconsistingofItemelementssortedbythcNumbervaluc・  

where  ＜Docunent＞＜／＞ content＿aS ＄d  

COnStruCt ＜Docunent＞   

vhere  ＜Item＞＜Ⅳunber＞ ＄nく／＞ ＜／＞ element＿aS ＄iin＄d，  

0
 
 

0
 
 

1
 
 
 

く
 
 
 

n
 
n
・
⊥
 
 

＄
 
＄
 
＄
 
＞
 
 

／
 
 

Order－by  

COnStruCt  

＜  

Atemplaterulecorrespondingtothequeryisasfbllows：  
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＜ⅩSl：temPlate match＝．1／Document一一＞   

＜ⅩSl：Varia．ble na皿e＝●一dr．select＝一一．‖／＞   

くDocument＞  

＜ⅩSl：for－eaCh select＝‖Item／Nunber［．く100］■■＞  

＜ⅩSl：SOrt  Select＝”．1．／＞  

＜ⅩSl：Variable name＝”n‖ select＝‖．‖／＞  

＜ⅩSl：for－eaCh select＝1r．．H＞  

＜ⅩSl：Variable name＝‖i‖ select＝‖．‖／＞  

＜ⅩSl‥COPy－Of select＝‖＄i，．／＞  

＜／ⅩSl：for．each＞  

く／ⅩSl：for－eaCb＞   

＜／Docunent＞  

＜／ⅩSl：temPlate＞   

Elementswhosetagsareinthenamespacexslarecalledinstructions．A  

templateruleisrepresentedasanestedstructureofinstructions．EachXML  

documentis modeled as atree whose nodes are elements，attributes，teXt  

（＃PCDAm），andsoon・Eachinstructioninthebodyofatemplateruleis  

appliedtothenodesselectedbyapathexpressioncalledlocationpath［21］  

（fbrexample，“／Docunent”，“・”，and“Item／Number［・＜100］”）・Theselected  

nodes and their set are called context nodesand contert nodelist．   

Locationpathsmayberelativeorabsolute．Relativelocationpaths are  

evaluated on the basis ofthe current context node．Location paths that  

appearinthispa，PerareaSfbllows：（1）“．”selectsthecurrentcontextnode  

itself，（2）“‥”selectstheparentnode，（3）a／bselectsthechildbnodesof  

a，（4）a／＠bselectstheattributebnodesofa，and（5）a［Ⅹ］selectsanodes  

thatsatisfytheconditionx・TheconditionxisglVenbylocationpathsand  
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predicatescombinedbyand／or・Notethat七heseareabbreviatednotations；  

moresophisticatedlocationpathscanbespeciBed．Thosenotationsarenot  

explained・The払1lowlngbriefly explains the maJOrinstructions．It then  

interpretstheabovetemplaterule．  

ⅩSl：temPlate Atemplateruleisanelementwhosetagisthisinstruction．  

The match attribute specifies alocation pathtoidenti秒thetarget  

nodestowhichtheruleapplies．Whenanelementmatchesthelocation  

pathofatemplaterule，thecontentoftherule，Whichisasequenceof  

instructions，1Sinstantiatedastheoutput．  

xsl：Variable Thisinstructionisusedtobindavariable．Thevariablename  

isglVenbythena皿eattribute，anditsvalueisglVenaSthecontentof  

theelementorthelocationpathspecifiedintheselectattribute．In  

XSLT，thevalueofavariableisdenotedbyitsnamewithaprefiⅩ“＄”．   

XSl：for－eaCh Thisinstructionisusedtoselectthecontextnodesspeci鮎d  

bytheselectattribute，andtoconstructtheoutputfbreachcontext  

nodesimilarlytoxsl：ternPlate．  

xsl：SOrt Thisinstructionis used to sort the context nodes．It must occur  

firstin anxsl：for－eaCh element．  

ⅩSl：COPy－Of Thisinstructionis used to copy anodeset selected by the  

select attribute．  
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ⅩSl：if Thisinstructionisusedfbrconditionalprocesslng．Whenthecon－  

ditionglVenbythetestattributeistrue，thecontentisinstantiated・   

WhenthetemplateruleglVenatthebeglnnlngOfthissubsectionisap－  

pliedtoaDocumentelementinasourceXMLdocument，aDocu皿entelement  

iscreatedasanoutput．ItcontainstheresultgeneratedbyotherinstruCtions  

inthetemplaterule・TheRrstxsl：for－eaChinstructionselectsNumberel－  

ements whose values areless thanlOO，andthexsl：SOrtinstructionsorts   

them．The second xsl：for－eaChinstruction thenselects the parentItem   

element ofthe currentⅣumber element，and the xsl：COPy－OfinstruCtion  

copiesthecurrentItemelement．TheresultdocumentiswhattheX2QL  

queryspecifies．  

Extension Functions  

TheXSIJTspecificationmentionstheuseofextension舟nctions［19］・These  

functionsareexternalprogramswritteninprogrammlnglanguages・However，  

theavailabilityandtheusageofextensionfunctionsdependontheunderlying  

XSI∬processor，becausetheirdetailsarelefttotheimplementation・  

Inthisstudy，WeuSeLotusXSL［22】，WhichisanXSI∬processordevel－  

OPedbyIBM alphaWorks・The currentversionofLotusXSLisawrapper  
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1ibraryfbrXalan［23］developed bytheApacheXML project・Extension  

functionsinLotusXSLaredefinedbylxslt：COmPOnentelementsasfollows・  

＜1ⅩSlt：COmPOnent Prefix＝‖namespace’t  

functions＝‖lisiqFthe extensionhnctions”＞   

＜1ⅩSlt：SCriptlang＝■ljavaclass‖ src＝”tLRI”／＞  

く／1ⅩSlt：COmPOnent＞  

Example：Supposewedefineanextensionfunctionhead（）inthenames－  

PaCemy－SPaCe・Itisimplemented asamethodofMyHeadclassinJava・It  

returnstheheadpartoftheglVenStringwhoselengthislessthanorequal  

tothespecifiedlength．  

＜1ⅩSlt：COmPOnent Prefix＝’lmy－SPaCeIlfunctions＝‖head’．＞   

＜1ⅩSlt‥SCriptlang＝‖javaclass‖ src＝”MyHead■．／＞  

＜／1ⅩSlt：COmPOnent＞  

Intemplaterules，WeCanCallextensionfunctions，fbrexample，  

＜ⅩSl：Value－Of select＝‖my－SPaCe‥head（string（・），10）‖／＞・  
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Chapter 3 

RelatedⅥ7brks  

3．1 Supporting Schemes hr WWW Brows－  

ing  

IntheWWWenvironment，tOutilizeahugeamountofWWWpages，uSerS  

searchcandidatepagesrelevanttotheirinterests，browsethem7andgetreト  

evantdescriptionswithinthem．Avariety ofschemes andsystemstohelp  

interactivebrowsingoftheWWW，Orincontext ofdigitallibraryandin－  

formationretrieval，areprOPOSed．Bytheiraims，theycanbeclassiBedinto  

SuPpOrtSfbr（1）selectingsomedocumentsfromanumberofsearcheddocu－  

ments，（2）understandingoftopicswithineachdocument，（3）identiBcation  

ofrelevantpartswithineachdocument，and（4）hyperlinknavigationtoother  

pages．Mostofsupportingschemesareclassifiedinto（1）or（4）・Ourpro－  
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POSedschemeisclassifiedinto（3）．   

Schemesincategory（1）givesupporttoselectrelevantdocuments丘om  

manycandidatedocuments．AnapproachistoglVeaShortsummarytoeach  

documentin thelistofsearchedresults，andusedinmanysearchservices，  

e・g・AltaVista［24】，Google【25］andYahoo【26］・Another approachisto  

Visualizethedocumentspacebyassociationsandclustersoftheirdocuments，  

e・g・InfbrmationVisualizer［27］，VIBE［28］，TileBars［29］，Envision［30］and  

Scatter／Gather［31］・Thesesummariesandvisualcluesenableuserstoselect  

easilyrelevantdocumentswithoutbrowslng．However，theseschemesdonot  

COnSideruserrequirements，Ordonotchangethedi租cultytoidentifyrelevant  

descriptionswithineachdocument．   

Schemesincategory（2）givesupportfbrroughunderstandingoftopics  

WithinindividualdocumentsinthebrowslngprOCeSS．Foradocument，these  

SChemesprovideaninfbrmativesummarylnCludingenoughsentencestorep－  

resentalmostthetoplCSinthedocument．Whensummariesareusedinthis  

PrOCeSS，itisalsoimportantthattheyshouldbegenerateddynamicallyand  

automaticallywhenevernewpagesaref6tched・Miikeandothersdeveloped  

aninfbrmationretrievalsystemwhichautomatica11ygeneratesthesummary  

Ofeachdocumentinadocumentrepository［32］．Inthissystem，thedetail  

levelsofthesummariescanbechangedinteractively．  
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Ourproposalistogivesomesupportincategory（3），namely，SuPPOrt  

fbridenti鮎ationofrelevantdescriptionswithineachdocument，inWWW  

browslngprOCeSS・Tbthebestofmykn0wiedge，therearenoknownproposal  

Classi鮎ddirectlyintothiscategory・Someaboveapproachesuseautomatic  

Summarizationtechniques［13】［33］［34］・Mostofthemdonottaketheuser’s  

interestintoconsideration，SOthatthesummariesarestatic・Suchsupports  

makeiteasytonarrowcandidatedocumentsthroughroughunderstanding  

with／without browsing・However，they do not alsochange the difBculty  

toidentifyrelevant Substructures・UserrequlrementSareimportanttoget  

relevantdescriptions，inparticular，inthebrowslngPrOCeSS・Tbconsideruser  

requirements，WeCanuSePaSSageretrieval［35］【36】［37】［38］，andquery－biased  

Summarygeneration［39］［40］■   

Inourscheme，SCOreSOfsubstructuresinadocumentaremeasured・In  

thissense，OurapPrOaChhassomesimi1aritywiththepassageretrieval・How－  

ever，WOrksonthepassageretrievaldonotexplicitlyconsiderthebrowslng  

process. We should more interactively and dynamically provide relevant 

substructures．Moreover，they usua11yconsideronlysimplersubstructures  

such as sentences，paragraPhs andblocks ofBxedlength・In ourscheme，  

morecomplicatedsubstructuresaredynamicallyextractedinourdocument  

model．  

InHTML documents，theirtaghierarchiesarenotenoughtorepresent  
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theirlogicalstructures・Therefore，SOmeSChemesareproposed［41］［42］【43］  

［44］［45】［46］incontextofwrappergenerationfbrWWWpages．Theyextract  

theirloglCalstruCture and contents．Ashishand others derive hierarchical  

logicalstructures丘omHTMLdocuments［41］．Theyalsopayattentionto  

headingsofchapters，SeCtionsandsoon，inthesamewaywithourloglCaltree  

derivationrules・Notethattheir“headings”arenotgivenbyheadingtagsHl，  

H2，…，H6inHTML，butrenderedasslnglelineshilightedbyB，STROⅣG，and  

SOOn・Theworkof［42】extractsonlydatarecordsbyheuristicrules・Wrapper  

Induction［43］［44］andNoDoSe［45〕［46］providemoregeneralizedftameworks  

bypatternmatchingrules．Theirrulesgenerallydependontargets，andcan  

beappliedtoonlylimitedpages．   

Ourschemes provide view－pageS，Which containjust relevantsubstruc－  

tures by prunlnglrrelevant substructures away．View－pageS Can be re－  

garded as summaries ofexisting HTML documents basedon userrequlre－  

ments．Query－biasedsummarygenerationmethodsalsoproviderequirement－  

Orientedsummaries．However，theyonlyconsiderflattext，andtheirview－  

pointdoesnotfbcusontheWWWbrowslngPrOCeSS．Moreover，theydonot  

COnSiderthe case thatthetargets areHTML documents・Tbbrowsesum－  

mariesonubiquitousWWWbrowsers，thesummariesmustbevalidHTML  

documents・Note that view－page generationmaybeimprovedbyincorpo－  

ratingquery－biasedsummarygeneration，  
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Finally，thereareschemesincategory（4）．Thereareanumbcrofworks  

tosupportthehyperlinknavigationinthehypertextbrowsing・WebWatdler  

［47］，Letizia［48］，andSyskillandWebert［49］haveaf6aturetosu脚St・hy－  

perlinkswhicharelikelytoleadtotheproperdestinations・WebWat，（：11（甘an（1  

Letiziaautomaticallyacqulretheuser，sinteresth・Omthenavlgati（mI）att・（汀rlS・  

SyskillandWeberto鮎rshyperlinksbyusingtheratingsofhypcrlinksgiven  

manua11ytolearnauserspeciBctopicprofi1e．Lisa［50］collectsWWWI）鞘CS  

relatedtotheuser，sinterestsandenableshimtobrowse thcWWW（，）Lrlirl（モ．   

Suchf6aturesmayworkwe11withourscheme．  

3．2 QueryingXML Documents  

Severallanguages have been proposed for manipulating XMIJd（）（Tt‖nf†Ⅰ雨・  

Theycanbeclassifiedintoquerylanguagesandmoregcncrall－｝rOgmmmmg  

languages［2］［51］［52］・Programminglanguagescanprocessintrri（て主軸t．mns－  

fbrmationofXMLdocuments，andhave月．exibleexpressivepow（1r．Ⅰ州Ⅰ（）W（モⅤ（汀，  

theirprogramscanbe complicated・Onthe other hand，quCrylaIl脚El．g（1S  

allowmoredeclarativeandsimpledescriptions・Mostofthemg（モ‡l即礼Ilyhav（モ  

fbwextensibility・Ⅹ2QLiscategorizedasaquerylanguage and has ri（：ll  

extensibilityviafbrelgnfunctions・  

Thereareseveralquerylanguageswhichcan be applied toXMIJd（）（：l卜  

30   



ments．Someofthem are querylanguagesfbrXML documents・Most of  

theremainderarequerylanguagesfbrsemi－StruCtureddata，andtheymodel  

XML documents as semi－StruCtured data．   

Well－knownproposalofXMLquerylanguagesareXPath［21］，XQL［53］，  

XML－QL［18】andQuilt［54］・ⅩPathandXQLarelocationpathlanguages・  

ⅩPathhavebeendevelopedasapartofXSLT，andXQLhasbeenproposedas  

anextensionofpreviousversionofXPath．Theseareveryweakindocument  

StruCturemanlPulation，andtheirqueriessimplyselectnodessatisbTingthe  

glVenPathexpression・Theyhavenoextensionmechanisms・Becauseofthis  

Simplicity，theyareoftenusedincombinationwithotherlanguageS，andas  

abasicquerylanguageincornmerCialXMLserverssuchasTamino［55］and  

eXcelon［56］・   

XML－QL［18］isaquerylanguagefbrXMLdocuments，anditisusedasa  

basisofX2QL．InthecurrentversionofXML－QL，uSeトdefinedfunctionsare  

justcannedqueries，aSeXPlainedinSubsection2・3・1・Theproposalmentions  

thepossibleuseofuser－definedpredicatesasafutureresearchissue・However，  

theirscope，rOle，SyntaX，andsemanticsarenotspecified・Forelgnfunctions  

inX2QL canrepresent useトdefined predicates・Furthermore，theycanbe  

usedforawiderangeofapplications，andcanreturnelementsandcontents・  

Quilt【54］hasrecentlyemergedfromdesigningexperimentsofXMLquery  
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languages．Ithasbeendesignedbyborrowingusefu1fbaturesfromSQL［16］，  

XPath，XML－QLandOQL［17】，andalsoinfluencedbyLorel［57］andYATL  

［58】・Therefbre，Quilthaspowerfu1structuremanipulationfacility・Italsohas  

extensibilitybyuser－definedfunctions，andcompeteswithX2QL．However，  

thedetailofitsextensibilityhasnot beenexplainedyet・Notethat Quilt  

hadnotappearedwhenwestartedtodevelopX2QL．   

Thesecondca，tegOryOfquerylanguagesincludesYATL［58】，Lorel［57］，  

UnQL［59］，andsoon・   

YATLisadeclarativeandrule－OrientedlanguageforYATsemistructured  

datamodel［58］・YATLhasapowerfu1structure manipulationcapability  

basedonpa・tternmatChingfacilities・Itsupportsgraphicalinterfacetowrite  

queriesandcomposlngthem・Theauthorsmentiontheuseofuseトdefined  

externalfunctions．However，YATLisnotdedicatedtoXMLdocumentpro－  

CeSSlng，andtheirusageofforelgnfunctionsislimitedtostring－basedpattern  

matching・   

Lorel［57］［60］isaquerylanguagefbrOEMdatamodel［11］［61］，agraph－  

basedsemistructureddatamodel．XMLdocumentsarerepresentedinOEM  

andprocessed．LorelcanberegardedasanextensionofOQL［17］・Itsdata  

restructuringcapabilityisverylimited・UnQL［59］［62］isaquerylanguage  

fbrasemistructureddatamodelsimilartoOEM．UnQLhasapowerfuldata  
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restructuringcapabilitybyapplyingtemplaterulesrecursively・However，the  

useoffbrelgnfunctionsisnotconsidered・   

Examples ofXML programminglanguages areXSI∬［19］andXDuce  

【52］・ⅩSLTi戸alow－1evelandproceduralXMLtransfbrmationlanguagerec－  

Ommended by W3C．XSLTis designed to be usedindependently ofXSL  

（ⅩMLStylesheetLanguage）［20］・However，XSLTisnotintendedasacom－  

Pletegeneral－PurPOSeXMLtransfbrmationlanguage，and allowstwokinds  

ofextension：eXtenSionfunctions andextension elements．These areimple－   

mentedbygeneralprogrammlnglanguagessuchasJava，aSisthecasewith  

fbreignfunctionsofX2QLHowever，implementationofextensionsdepends  

OntheindividualXSLTprocessor．   

ⅩDuce【52］is astatica11ytypedfunctionalprogramminglanguagefbr  

transfbrmation ofXML documents．Isis based on Haskellbut specialized   

tothedomainofXMLprocesslng．Itsnovelf6aturesareregularexpression  

typesandacorrespondingmechanismforregularexpressionpatternmatch－  

1ng．XDucecanflexiblyprocessXMLdocumentsbyregularexpressionsand  

PrOgrammablefbatures・   

XML querylanguages have di鮎rent expressive power and underlying  

datamodels．恥establishtheirfbundation，W3CQueryWorkingGrouphas  

beendiscussingXMLQueryRequirements［63］，ⅩMLQueryDataModel［64］  
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andXMLQueryAlgebra［65］・XMLQueryRequirementincludesdesirable  

featuresofXMLquerylanguages・XMLQueryDataModelformallydefines  

theinfbrmationcontainedintheinputtoanXML Queryprocessor・This  

isbasedonXMLInformationSet［66］，Whichprovidesadescriptionofthe  

informationavailableinawell－fbrmedXMLdocument．Italsosupportsdata  

typesinXMLSchema［67］［68】［69］，WhichextendsaninstanceoftheXML  

InfbrmationSetwithmoreprecisetypeinfbrmation・ⅩMLQueryAlgebra  

introducesafbrmalbasisfbranXMLquerylanguagebasedonXMLQuery  

DataModel．X2QLmayhavesomeftatureswhichdonotpreciselycoincide  

withtheirfbundation．X2QLshouldsupporttheminthenearfuture・  
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Chapter 4 

BrowsingWWWPagesBased  

On User Profiles  

4．1 0verview  

Therapidadvancesofworldwideweb（WWW）technologyhavemadeahuge  

amountofinbrmationavailableovertheInternet．Thenumberofavailable  

WWWpagesiscontinuallyincreaslng，makingitdi侃culttofindanduse  

relevantinfbrmation・AvarietyofschemesandtooIshavebeeninvestigated  

toaddressthisproblem［1】［41】【70］・   

Bothquerylngandbrowslngaregenera11yrequiredtoaccessandidentify  

relevantWWWpages・Inatypicalscenario，theuserfirstsubmitsqueries  
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to search englneS that return aset ofcandidateWWWpages・The user  

then selects and browses candidates h・Omthe set returned．The user may  

thenneedtobrowseotherlinkedpagesandgobacktopreviouspages・In  

thisway，querylngandbrowslngareuSediterativelytoreachWWWpages  

relevant七o theuser，sin七erest．   

TheinterestofabrowslnguSerisusuallyimplicit，Whilequeriesareexplic－  

itlyexpressed・ThismeansthatexisもingWWWpagesareusual1ypresented  

exactlyinthesamefbrmat andlayout toal1users，eVenifthe users have  

di鮎rentinterests．Itthen becomesthe user，s responsibilitytounderstand  

the structure and semantics ofWWWpagesand toidentifyrelevantsub－  

StruCtureSandreglOnS．Thisisnot，however，aneaSy taSk・IntheWWW  

environmentespecial1y，theuserhastomanipulatemanydocuments，mOSt  

Ofwhichareunfamiliar・Beyondthat，eaChWWWpagesometimescontains  

alarge amount ofinfbrmation．Most WWW browsers，Ofcourse，PrOVide  

astringsearch facilitytohelp theuser・Simplestringmatching，however，  

isnotenoughtohelpauserunderstandpagecontents・Moreover，aString  

SearChfacilitydoesnotchangetheenvironmentinwhicheveryuserisglVen  

thesamepagepresentations．   

This chapter proposes anew scheme to support the browslngPrOCeSS  

basedonspecificationsofuserinterest．Inourscheme，theuser，sinterestis  

explicitlyexpressedasauserprofile・VirtualWWWpagesnamedview－Pa9eS  
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tailoredtotheuser）sinterestarethendynamica11ygeneratedandpresented  

WhentheuserbrowsestheWWW・View－PageSeSSentia11yshowsummaries  

OfexistingHTMLpagesthatcomplywiththeuser，sinterestandlevelof  

details specifiedin the userprofi1e．Underthisscheme，userS Ofdi鮎rent  

interestsareglVendi鮎rentviewsoftheWWW．Intheview－pagegeneration，  

adocumentmodelca11edalo9ZCalireeisusedtomodeltheloglCalstruct11re  

Ofan HTML page and plays animportantrole．This chapter alsoshows  

howview－PageSCanbeachievedinanon－intrusivewayinthecurrentWWW  

browslngenVironment．Withthisapproach，theusercanenjoytheproposed  

f6ature onordinaryWWWbrowsers ratherbeingcompelledtousespecial  

browserstailoredtothispurpose．  

Figure4．1illustratesourapproach．  

RealWWWSpace  

㊥  
′ ＼、 

＜ 

．p軋′′ 、▲ 焚  

転  ／、／  筋・・，．．View＿Page  
VirtualWWWSpace  

Figure4．1：0verviewoftheproposedscheme   

Inourenvironment，theuser’sinterestsareexplicitlyspeci鮎dasauser  

profi1e．Auserpro別econsistsofkeywordstorepresenttheuser7sinterestand  

37   



athresholdvaluethatcontroIsthedetaillevelofthepresentation・Whencver  

theuseraccessesWWWpages，View－pageSaregenerateddynamicallybased  

ontheuserpro6le払rpresentation・Thepagesmaycontainhyperlinksrefbr－  

rlngtOOtherWWWpages．Thismakesitpossiblefbrtheusertonavlgate  

throughthevirtualWWWspace．Eachview－pageisessentiallyasummary  

OftheorlglnalWWWpagefromthestandpointofuserinterest・Apageis  

generatedasfbllows．   

（1）We assume that WWW pages are writtenin HTML・In thc first  

Phase，theloglCaldocumentstructureembeddedinthetargetHTMLpageis  

extracted，andismodeledinadocumentmodelcalledaloglCaltree・HTML  

PageS COntain tags，SOme Ofwhich are used to construct theloglCaltrecs．  

However，aSPOintedin［41】，thelogicaldocumenthierarchydoesnotalways  

COincidewiththetaghierarchy．   

（2）Similaritybetweeneachnodeinthelogicaltreeandtheuserprolilc  

is calculated．   

（3）Wemarkallnodeswhosesimilaritiesfallbelowthethresholdvaluein  

theuserprofile・Aview－PageisconstructedbyprunlngaWaySubtrceswhose  

nodesandancestorsareallmarked・Thisphasemustensurethatview－pagCS  

are also valid HTML documents．  
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Theremainingpartofthischapterisorganizedasfollows：Section4・2in－  

troducesalogicaltreetoputlogicalhierarchiesonHTMLpages・Section4・3  

presentsaschemetogenerateview－pageSbasedonauserpro丘1e・TheloglCal  

treeinSection4・2isusedintheview－pagegeneration・Section4・4shows  

thesystemarchitecturetoirnPlementtheproposedschemenon－intrusively  

inordinaryWWWbrowslngenVironments．Section4．5showsexperimental  

evaluations．Finally，Section4．6summarizesanddiscussesthechapter・  

4．2 LogicalTrees  

ThissectionexplainsderivationofloglCaltreesfromHTMLpages・Fc・rthis  

purpose，Brst，HrrMLtagsareclassifiedinSubsection4．2．1．Then，isisshown  

howtagsinsomegroupareusedtoderiveloglCaltreesinSubsection4．2．2・  

4．2・1 Classification ofHTMIJTags  

HTMLtagsareclassiBedintothe払1lowlng董burgroups・  

a）Structure－Oriented tags： Tagsinthis group areprlmarilyused  

toindicate document structures such as headings，paragraphs andlists of  

items・This grouplnCludes the fbllowlngtagS‥ Hl，H2，H3，H4，H5，H6，P，  

39   



BLOCKQUOTE，DIV，UL，OL，DL，TABLE．Generally，itis not easy to extract  

loglCaldocumentstructures丘omHTMLdocuments，buttagsinthisgroup  

glVeCluestoextractthem．Asamatteroffact，theyareusedtoconstruct  

theloglCaltreeasexplainedinSubsection4．2．2．  

b）Style－Oriented tags： Tagsinthisgroup aremainlyused toglVe  

SpeCialpresentatione鮎cts．The tagsSTRONG，EM，TT，Ⅰ，U，B，BIG，SMALL，  

STRIKE，S，FOⅣT，DL areincludedin this group．Note that some ofthem  

aredeprecatedinHTML4・0［8］，Whichrecommendsustousestylesheets  

instead・Elements enclosed bytagsinthisgroupare釘Ven predetermined  

Weightswhenderivlngf6aturevectorsofdocumentsubstructuresasexplained  

in Subsect，ion4．3．1．  

C）Media－Orientedtags： Tagsinthisgroupareusedtoembedmedia  

Objectssuchasimagesandapplets・TheylnCludethefb1lowlngtagS：IMAGE，  

FORM，SCRIPT，APPLET，OBJECT，EMBED，MAP・They arelgnOredin the con－  

StruCtionofloglCaltrees・Thecontentsofembeddedmediaobjectsarealso  

lgnOredinthederivationoff6aturevectors．  

d）Miscellaneoustags：TheothertagsarelgnOredintheconstructionof  

loglCaltrees・Existenceoftagsinthisgrouphavenoe鮎ctsonthederivation  
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Off6aturevectors7andelementsenclosedinthosetagsaretreatedasifthey  

areordinarycharacterstrings．  

4・2・2 DerivationofLogicalTrees  

This subsection describes derivation ofaloglCaltreefrom an HTML doc－  

ument・Structure－Oriented tags are used asimportantcluesinthederiva－  

tion・Insomecontext，SimilarschemestoderiveloglCalstructuresinherent  

inHTMLdocumentsaresuggested（e・g・［41］）・   

AloglCaltree consists of the eight types of nodes： ≪doc≫，  

≪deβペエ）≫，≪geαd豆れタ（エ）≫，≪frα官g五和タ（エ）≫，≪やαCたed（エ）≫，≪わJocた（エ）≫，  

≪headin9（L）≫，≪争aradiv≫，≪卸ra9raPh≫．Lrepresents the hierarchy  

levelofthenode，andthevaluescorrenpondtotheheadinglevelsofHl，…，  

H6tags・Given an HTMLdocument，itisparsedaccordingtorulesinFig－  

ures4・2and4・3，andthen，thelogicaltreeisobtained・Afterthis，“（L）”is  

Omitted whenitis obvious．   

The≪doc≫nodeindicetes whole the document．A≪desc≫node coト   

responds toasequence ofsubstructuressuch aschapters andsections，and   

≪leadin9≫and≪Lrailin9＞nodes representindividualsubstructures．A  

≪headin9≫nodecorrespondstotheheadingofa≪Lrailing≫node・Espe－  

Cially，a≪leading≫noderepresentsasubstruCtureWithoutheadings，Which  
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＜BODY＞≪deβC（1）≫＜／BODY＞  

≪geαd壱乃タ（エ）≫≪什扇拍叩（1）≫＋  

≪什α五加タ（ム）≫＋  

≪わわcた（エ）≫  

＜DIV＞≪汁α乞g豆mタ（エ）≫＜／DIV＞  

≪doc≫ →  

≪deβペエ）≫ →  

≪geαd宜叩（エ）≫ →  

≪け扇拍叩（エ）≫ →  

l≪卸Cたed（ム）≫  

≪pαCたed（エ）≫ → ≪九eαd五叩（ム）≫≪むわcた（エ）≫   

≪むJocた（エ）≫ → ＜DIV＞≪わgocた（エ）≫＜／DIV＞  

l≪deβC（エ十1）≫  

≪んeαd豆叩（1）≫ → ＜Hl＞まe∬ま＜／Hl＞  

≪九eαd豆れダ（2）≫ → ＜H2＞まe∬ま＜／H2＞  

≪んeαd宜叩（3）≫ → ＜H3＞壬e∬f＜／椚＞  

≪んeαdれタ（4）≫ → ＜H4＞壬e∬f＜／H4＞  

≪んeαd五叩（5）≫ → ＜H5＞fe∬ま＜／H5＞  

≪んeαdれタ（6）≫ → ＜H6＞まe∬f＜／耶＞   

≪deβC（7）≫ →（≪如r叩r叩九≫l≪餅肌山九≫）十  

Figure4．2：Derivationrules（a）  

tends to glVe aSummary Ofthe≪desc≫node or anintroduction払r the  

fbllowlng≪trailing≫nodes．This factis usedin the next section．A  

≪desc（7）≫node represent asequence ofleafsubstructures such aspara－  

graphs，lists，tables，andquotes・Nodesof≪事aradiv≫andgaragraph≫  

COrreSpOndtoindividualleafsubstructures，and≪わacked＞and≪block≫  

nodes areintroduced fbr convenience．   

GiventhesampleHTMLdocumentinFigure4．4，thederivedloglCaltree  

ShowninFigure4・5isderivedbytheru1es・Thedottedlinesindicatenode  
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≪餅肌加伽≫ → ＜DIV＞≪pαrαdね≫＜／DIV＞  

I≪卸r叩r呼ん≫  

l＜BLOCK叩OTE＞≪むgoc頃1）≫  

＜／BLOCKqUOTE＞  

≪卸r叩rqpん≫ → ＜P＞f紺f＜／P＞  

l＜UL＞fe∬f＜／UL＞  

l＜OL＞fe∬亡＜／OL＞  

l＜DL＞fe∬f＜／DL＞  

l＜TABLE＞te∬t＜／TABLE＞  

l“励トw拙仙トβれcれげe′′   

Notel：L＝1，2，・・．，6 where ≪desc（L）≫，≪leadin9（L）≫，≪trailin9（L）≫，  

≪如C加d（エ）≫，≪むgoc可エ）≫．  

Note2：“te3；t”isanycharacterstring，While“まexトwithout－βLrucLur・e”a（‥CePtS  

Onethatisnot decomposablebyanyrule．Thus，“teXt－Wit7wuトstruc壬ure”ac－  

CePtS aStringwhichappearsimmediatelyinsideaBODY，DIV、OrBLOCKqUOTEele－  

men七anddoesnotcontainanystructure－Orientedtags．  

Figure4・3：Derivationrules（b）  

groupshavingthesameL－Value・Inthisexample，tWO≪heading（1）≫are  

derivedffomtheHltags・Inthesubtreerootedbytheleft≪block（1）≫node，  

One≪leading（2）≫nodeisderivedfromtheptagenclosingtheintroduction  

PartOfthe6rstchapter，andtwo≪headin9（2）≫nodesarederived丘omH2  

tags・  
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＜BODY＞   

＜Hl＞1．heading of chapter＜／Hl＞   

＜P＞introduction of chapter＜／P＞   

＜H2＞1．1．hea．ding of section＜／H2＞   

＜P＞bodyl・1．1＜／P＞   

＜P＞bodyl．1．2＜B＞IMPORTAⅣT＜／B＞＜／P＞   
＜H2＞1．2．heading of section＜／H2＞   

＜P＞body2＜／P＞   

＜Hl＞2．heading of chapter＜／Hl＞   

＜H2＞2．1heading of subsection＜／H2＞   

＜TABLE＞table2・1・1＜／TABLE＞   

＜P＞body2．1．2＜／P＞  

＜／BODY＞  

Figure4．4：SampleHTMLdocument  

4．3 View－PageS  

ThissectionexplainshowtoconstruCtview－PageSbasedontheloglCaltree・  

Weusethevectorspacemodel［13］【36］［71］，butstructure－Orientedandstyle－  

OrientedtagsintroducedinSubsection4・2・1aretakenintoconsideration・   

First，af6aturevectorfbreachnodeintheloglCaltreeisderived・Second，  

thesimilaritybetweeneachnodeandtheuserproRleuslngthef6aturevector  

iscalculated．Next，allnodeswhosesimilaritiesarelessthan thethreshold  

ValueglVenintheuserpro丘Iearemarked・Finally，theview－pagebyprunlng  

awaythesubtreeswhosenodesandancestorsareallmarkedisgenerated．  
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Figure4．5：ExtractedloglCaltree  

4．3．1 Derivation ofFeature Vbctors  

Leaf Nodes 

Initially，f6aturevectorsofleafnodesinthel0gicaltreearederivedbasedon  

thetraditionaltf・idf（termfrequencyxinversedocumentffequency）weight－  

ingscheme［71］・Inthecalculationoftheidffactor，thetargetdocumentset  

hastobefiⅩed．W白regardthesetofleafnodesasthetargetdocumentset  

inderivingtheidf．Namely，theinitialtf・idfweightsarecalculatedaccording  
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to distribution oftermswithintbe document．   

Then，Style－Oriented tags areprocessed．Theyareusua11yused toem－  

Phasizesometerms．Therefbre，Whentermsoccurwithinelementsenclosed  

bystyle－0rientedtags，theirweightsinthef6aturevectorsaremultipliedde－  

pendingonthetypesoftags．Thebiasfactorsassociatedwithstyle－Oriented  

tagsareshowninTable4．1．   

Fbreachleafnoden，itsf6aturevectorisfbrmulatedasた）1lows．When a   

termtoccursinmultipleelementsenclosedbydi鮎rentstyle－Oricntedtags，  

theirmaximum bias factoris used：  

Um＝（蟻・宜机，亡・乱）柁γ，  （4・1）  

Whereβnisthemaximumbiasfactorassociatedwiththestyle－Orientedtags  

encloslngthetermtinnoden．  

Non－LeafNodes  

ThefbaturevectorofeachnonJeafnodeisgivenasanaggregationoffぬture  

vectors ofits child nodes．  
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General1y，titles，headings，abstractsandintroductionsgivegoodsum－  

mariesoftheirbodiesandcontainmanyimportantterms【35］［36］．Inthe  

loglCaltree7headingsappearas≪headin9≫nodes・Moreover，≪leading≫  

nodeswhichappearasthenrstchildnodeofthe≪desc≫nodestendtoplay  

aroleofabstractandintroduction，aSmentionedinSubsection4．2．2．   

Tb reflect this property，the fbature vector ofeach non－1eafnode nis  

Calculatedasweightedsumsofthoseofitschildnodes：  

∑。α。・V。  
Um＝＃C   （4．2）  

∑。α。’   

Wherecisachildnodeofnand‡Cisthetotalnumberofthechildnodes．  

ThecoefBcientαcisglVeninTbble4．2．  

4・3・2 GenerationofView－PageS  

Tbgenerateview－pageS，WemuStdecidesubstructureswhicharelikelytobe  

relevanttotheuserprofi1e・ThescoreofeachnodeisglVenbythesimilarity  

OfeachnodeintheloglCaltreetotheuserprofi1e．itiscalculated血・Omits  

fba七urevectorandtheprofi1evectorderivedfromtheglVenkeywordset・In  

thecalculation，Wehavetonotethatthelengthoftext（namely，thenumbers  

Ofterms）associatedwitheachnodedifftrsdependingonnodes・Tbtakethis  

47   



Table4．1：Biasfactorsβnassociatedwithstyle－Orientedtags  

Semantics  

STRONG  5  StrOngemPhasis   

EM   3  emphasis   

BIG   3  bigletters   

U   2  underline   

B   2  bold   

2  italic   
DT   2  de丘nedterminDL   

Table4．2：CoefBcientsαcfbrchildnodes  

≪んeαd宜mタ≫（Hl）  15   ≪deβC≫   

≪んeαdれタ≫（H2）  田  ≪geαd乞mタ≫  5   

≪九eαd五mタ≫（H3）  8   ≪行扇抽叩≫  6   

≪んeαd官γ岬≫（H4）  6   ≪事αCたed≫   

≪九eαdれタ≫（H5）  4   くgわわcた≫   

≪九eαdれタ≫（H6）  3  ≪如r叩γ叩た≫  6   

intoaccount，theC－Pivotmeasureisusedratherthanthetraditionalcosine   

meaSure．   

View－pageSaregeneratedbyprunlngaWaySubtreeswhoseallnodesand  

ancestors have similarityscoreslower than the threshold valuein the user  

profile．Thisprocesshastoensurethat view－pageS areValidHTMLdocu－  

ments，Which the user can browse on the ordinaryWWW browsers．Note  

thatcarelessprunlngprOCeduremaybringaboutdocumentstructureswhich  

do not fbrm valid HTML documents．Forinstance，an HTML document   

musthaveaBODYelementanditmustnotbeempty．There払re，WeCannOt  
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deletetheBODYoritssubtreeevenifscoresofal1itsmembernodesareless   

than the threshold value．   

Anotherconcernistohelptheuserunderstandthedocumentstructures  

throughview－pageS．Sincetheheadingsareimportantcluesinunderstanding  

thewholedocumentstructures，Wehavedecidedtomaintaina11headingsin  

theorlglnaldocumentsinview－PageS・Inaddition，SOmeapPrOPriateindica－  

tionsshouldbeglVenaSnOteSWhensomepartsorsubstructureshavebeen  

pruned・Moreover，Simpleprunlngmaybringaboutunexpectedrenderingof  

theview－page・Forinstance，prunlngthePelementaway h・Om“teXt＜P＞  

paragraph＜／P＞text”bringsabout“texttext”・Inthis case，tWO“teXt”  

SegmentSareaCCidentallyconcatenatedtoformaslngletextsegment・   

Basedontheaboveconsideration，intheview－pagegeneration，eaChse－  

quenceofelementswhicharetObeprunedawayisreplacedbya“（snip）”  

enclosed by apalrOfDIVtags．Thecompleteprocedure togenerateview－  

PageSisglVenaSbllowlngS：  

1．CalculatethesimilarityscoreofeverynodeintheloglCaltree．   

2．Markthenodeswhosescoresarelessthanthethresholdvalue．Here，   

≪如e2＞and≪headin9≫nodesarealwaysexcludedeveniftheirscores   

arelow，SincetheBODYelement●ismandatoryandHl，．．．，H6elements  

areimportant．  
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3．IdentibT the maximalsubtrees whose nodes and ancestors are all   

marked．  

4・ReplaceeachsequenceofHTMLelementsassociatedwiththesubtrees   

with“＜DIV＞（snip）＜／DIV＞”・   

5．Generatetheoutputasaview－page■   

TheoremGivenanarbitraryvalidHTMLdocument，theaboveprocedure  

タe71erαまeβαUαg宜dガr〟エdommeγは  

（Proof）   

Itisobvious丘・OmthederivationrulesinFigures4・2and4・3thateach  

sequencecorrespondstotheBODYelementorasequenceofchildelementsin  

aBODY，DIVorBLOCKQUOTE element．AccordingtotheHTMLsyntax，the  

BODYelementcannotbereplacedbyaDIVelement，butthiscaseisavoided  

inStep2．BODY，DIVandBLOCKqUOTEelementscancontainDIVelements・  

Therefbre，the replacementinStep4preserves the confbrmityto HTML・  

Thus，theaboveprocedurederivesavalidHTMLdocument・   Q・E・D・   

Figure4・6illustratesthegenerationofaview－Page・Thecirclesarenodes  

whosescoresaregreaterthanorequaltothethresholdvalue・Thesubtrees  

indicatedbydottedlinesarereplacedby“＜DIV＞（snip）＜／DIV＞”elements．  
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Figure4・6‥Exampleofview－Pagegeneration  

＜BODY＞   

＜Hl＞1．heading of chapter＜／Hl＞   

＜DIV＞（snip）＜／DIV＞   

＜H2＞1．1．heading of section＜／H2＞   

＜DIV＞（snip）＜／DIV＞   

＜H2＞1．2．heading of section＜／H2＞   

＜P＞body2＜／P＞   

＜Hl＞2．heading of chapter＜／Hl＞   

＜H2＞2．1heading of subsection＜／H2＞   

＜TABLE＞table2．1．1＜／TABLE＞   

＜P＞body2．1．2＜／P＞  

＜／BODY＞  

Figure4・7‥HTMLdocumentforaview－page  
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Figure4・7showstheHTMLdocumentcorrespondingtothederivedview－   

page・  

4.4 Prototype System Development 

This section presents the system architecture to implement the proposed 

SCheme，andshowasamplesessionintheprototypesystem■  

4．4．1 System Architecture  

Overview  

Oneofcriteriafor our prototype system design hasbeen torespectuser－  

friendlinessprovidedinthecurrentWWWbrowslngenVironment．Thepro－  

totypesystemarchitectureisshowninFigure4・8．Itconsistsofthreemod－  

ules．  

● Browser  

● Controller  

・BrowslngAssistanceEnglne  
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TheusercanuseanordinaryWWWbrowser，SuChasNetscapeCommu－  

nicatorandInternetExplorer，Withoutanymodification．TheControllerand  

theBrowsingAssistanceEngine（BAE）areoriginaltoourbrowsingenviron－  

ment．Foreachuser，aPairofthe BrowserandControllerinstances works   

as a丘ont－end module and the BAEworks as aback－end module．   

The BAEis the centralmodulein our environment，and provides the  

View－Page fbr each WWW page・It works as an HTTP proxy server fbr  

the Browser，and can serve multiple pairs ofthe Browser and Controller  

instances．TheBAEgetstheuserproBle丘omtheControllerandmaintains  

it．It generatesview－pageSandtheirloglCaltreesuslngtheuserprofi1efor  

each user．The user can disable the view－page generation f6ature，When  

he／shewantstobrowseWWWpagesinanordinarymanner・   

TheBrowserdisplaystheview－PagegeneratedbytheBAE．Whenview－  

pagesincludehyperlinks，theusercanvisitotherpages・Then，View－pageS  

fbrthenextpageswillbegeneratedandpresented・   

TheControllerinteractswiththeusertogethis／heruserprofi1e・When  

theusermodiaestheprofi1e，itnotifiestheBAEofthemodification・The  

ControllervisuallydisplaystheloglCaltreeofthecurrentview－page，aSde－  

scribedinSubsection4．4A．Ithelpstheusertoidentifyrelevantsubstruc－   

turesineachpage．  
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Intheprototypesystem，theContro11erisimplementedasaJavaapplet  

andtheBAErunsasaJavaapplicationprogram・Thepresentationonthe  

SCreen given by the Browser and Controlleris synchronized．The applet  

COnteXtisusedfbrthesynchronization．  

4・4・2 BrowsingAssistanceEngine（BAE）  

Figure4・9showstheinternalarchitectureofthe BAEinIt consists ofthe  

払1lowlngfivemodules．  

・HttpProxy  

・UserManager  

・DocumentManager   

Http Processoror 

・ViewManager   

Thefirst three modules are created when the BAE startsits execution．   

TheHttpProcessorandViewManagerareinstantiatedanddestroyedbased  

On demands丘om other modules．Allthe modules except the Document  

Managerrunasthreads．  
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The HttpProxylistenstoaTCPport．When theBrowserrequests an  

HTTPresource，itinstantiatesanHttpProcessoranddelegatestherequest   

toit．   

The Http Processor f6tches the requested HTTP resource．When the  

requestedHTTPresourceisanHTMLdocument，theHttpProcessorparses  

it，CreateStheDOMobject，andgeneratesthelogicaltreeandtheview－Page，  

bycallingtheDocumentManagerandtheViewManager・WhentheHttp  

Processor丘nishesprocesslngtherequest，itisdestroyedautomatica11y・   

TheDocumentManagerisresponsiblefbrparslngdocumentsandcreating  

the DOM objects andlogicaltrees．It also caches them on the memory  

residenthashtable．URIisthehashkey．   

The User Managerwaitsfbr the RMIconnection鈷・Om a Contro11erin－  

StanCeandcreatesaViewManagerた）reaChconnection（seebelow），   

The View Manager communicates with the Controller to maintain the 

userprofi1eandgeneratesview－pageS・View－pageSare generated丘omthe  

DOM objects andloglCaltrees managedinthe Document Manager．The  

ViewManageralsoprovidestheControllerwithinfbrmationaboutthecur－  

rentview－PageSuChasitsURI，loglCaltreestructureandnodescores．  
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4．4．3 TyplCalProcessingFlow                                        ■  

Starting－uP BefbreinvokingtheBrowser，WehavetostarttheBAE，anda  

WWWpagecontainingtheControllerapplethastoresideonthehost・The  

userhastousetheBAEasanHTTPproxyserverontheWWWbrowser・   

First，the user accesses to the WWW page containing the Controller  

applet．Then，theControllerisdownloadedandexecutedinthewindowof  

theorlglnalWWWbrowser．Itcreatesanewwindowandlaunchesanother  

instance ofthe WWW browser as the Browser．The Contro11er can control   

theBrowserthroughtheappletcontext．Next，theControllerinteractswith  

theUserManagerintheBAE，anditsViewManagerisinstantiatedby七he  

UserManager．  

ProcessinganHTTPRequest Aftertheabovestep，theusercanbrowse  

WWWpagesinanordinarymanner．WhenanewWWWpageisrequested，  

TheHttpProxyinstantiatesanHttpProcessortoprocessit．Iftherequested  

resourceisanHTMLdocument，theURIisregisteredintheViewManager  

asthe current URIoftheBrowser．Otherwise，itfbtches the resource and   

SimplyreturnsittotheBrowser．  

WhenprocesslngarequeSttOanHTMLdocument，theHttpProcessor  
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CheckswhetheritisinthecachemaintainedbytheDocumentManager．If  

not，itf6tchesandparsesthetheHTMLdocument．Next，theHttpProcessor  

generates aview－Page by callingtheView Managerand returnsittothe  

Browser．Ifthe requested URIis di鈍汀ent丘om thelast URI，the View  

ManagernotifiestheControllertomakethepresentationofthelogicaltree  

up－tO－date．  

ChangeofUserProRle Theusercanchangekeywordsandthethreshold  

Valueinhis／heruserprofi1e・Inthiscase，theContro11ernotifiestheView  

Manager・Whenthekeywordsarechanged，theViewManagercomputesthe  

SCOreOfeachnodeintheloglCaltreeagaln・   

Next，theControllergetsthecurrent URI丘omtheViewManager，and  

makestheBrowserreloadthecurrentpagethroughtheappletcontext・The  

reloadrequestiscaughtbytheBAE，andtheViewManagergeneratesthe  

View－pagebasedontheupdateduserprofi1e．   

Changes to the threshold valuein the user proAle are processedin a  

Similarmanner．  
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4．4．4 SessionExample  

thissubsectionshowssampleusageofourbrow＄ingenvironment，Suppose  

thatwewantdocumentswhicharerelatedtothischapterundertheW3C  

WWWsite（http：／／www・W3・Org／）・Here，WeSelect（browsing，uSer，Prqfile，  

interest，View，PaPer）asakeywordsset，   

First，We turnOfftheview－pagegenerationf6atureoftheBAE，andwe  

SearChcandidateWWWpagesqueryingtheindexserverexistingattheW3C  

Site．Tbcheck high1yranked WWWpages，Weturn Ontheview－pagegen－  

erationf6ature．Figures4．10and4．11showtheContro11erwindowandthe  

Browserwindow，reSpeCtively，Whenwebrowsethefirstdocumentinthelist．   

AtthetopoftheControllerwindow，therearecomponentstoinputand  

modifytheuserprofile・TheControllerwindowdisplaystheloglCaltreeof  

thecurrentpage．Thecolorofeachnodeisdeterminedbyitsscore．Nodes  

WiththehighestscorearedisplayedinredandnodeswithscoreOareinblue．  

Nodeswithscoresbetweentheextremesaredisplayedinorange，yellow，green  

andcyan．   

NodeswhosescoresaregreaterthanOrequaltothethresholdvalueare  

taggedwithlargeredicons・Nodeswhosescoresarelessthanthethreshold  

Valuearetaggedwithsmallcyanicons・Theview－PageCOnSistsofthecontents  
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Figure4．11：Browserwindow  
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COrreSpOndingtothenodestaggedwiththelargeredicons・Theusercan  

COntrOlthethresholdvalueinteractivelywiththeaidofthecoloredloglCal   

tree．   

Theview－pagedisplayedintheBrowserwindowhelpsourunderstanding  

thecontexts．Especially，We Can eaSilyidentifydescriptions relatedtothe  

keywords．Whenwewanttobrowsethenextdocument，WegObacktothe  

documentlistinthequeryresultandselectit・Then，theBrowserdisplays  

itsview－Page．Wecan browseotherpages similarly・When view－pageSin－  

Clude hyperlinksっwe can visit thelinked pages as usual．In this way，Our  

environmentsupportsbrowslngView－pageStailoredtotheuser’sviewpoint  

asiftheywereexistingWWWpages．  

4．5 ExperimentalEvaluation  

This section experimentallyevaluateseffectiveness ofthe proposed scheme  

from the three standpoints described below．Notethat these experiments  

excludedWWWpagesdesignedwithframesandlargetables   

First，ValidityoftheloglCaltreesderived丘omeachgivenpageisevalu－  

ated・TheloglCaltreesmust have anappropriatestructuretoextractsub－  

StruCtureS董brinclusioninview－pageS．  
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Second，COrreCtneSS Ofthenodescoresinagivenlogicaltreeisevalu－  

ated・WhentheglVenloglCaltreestructureandcalculatednodescoresare  

COrreCt，thegeneratedview－PageCanCOntainonlytheappropriatesubstruc－  

tureswithin七heorlglnalpagebyadjustingthedetai11evelofview－pageS・   

Third，the above two evaluation methods are appliedto more general  

WWWpages．In this experiment，We uSedWWWpagessearched bythe  

Goosearchengine．Wecanchecke鮎ctivenessoftheproposedschemeina  

morerealisticcontextofWWWpagebrowsing．  

Therestofthissection describestheseexperiments・  

4．5．1 Evaluation払rDerivationofLogicalTree  

ToevaluatevalidityofthederivedloglCaltrees，threesetsoftenpagesare  

randomlyselectedh・OmeaChofthefbllowlngSites：  

・IGD（http：／／www・igd・払g・de／www／www95／）   

・DLIB（http：／／www・dlib・Org／）   

・W3C（http：／／www・W3・Org／）・  
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Thesesitesprovidelarge，Well－StruCturedWWWpagessuchastechnicalpa－  

PerSandspecifications，andhavedistinctpoliciesfbrembeddingHTMLtags・  

ThestructuresofloglCaltreesarecomparedwiththehierarchicalstructures  

Ofchapters，SeCtions，Paragraphs，andotherstructures・   

TheselectedpageshadthefbllowlngPeCuliaritiesregardingtheuseofthe  

StruCture－OrientedtagsusedtoderivetheloglCaltrees‥  

●HeadersandfboterswiththeirlogotypeswereglVeninindividualways・   

●ThelowestlevelheadingsinDLIBonsomepageswerenotindicated   

byheadingtagssuchasH5andH6butbyBenclosedbyP■Anexample  

is，“＜P＞＜B＞someheading＜／B＞＜／P＞”・   

●InIGD andW3C，thelistofbibliographiesfbreach pagewascoded   

byOLorUL・InsomeDLIBpages，thelistsoftheirbibliographieswere   

notcodedbysuchtags，andeachitemofthemwasindicatedbyP・   

●MostpagesinW3CfbllowedrecommendationsoftheHTML4・Ospec－  

ification．InIDG，Ontheotherhand，thereweresomemisusesandthe   

meaninglessuseoftagsgeneratedbyWWWauthoringtooIs・  

Itwasalsojudgedwhetherphrasesenclosedinstyle－Orientedtagscon－  

tainedimportanttermstogenerateview－pageS・Table4・31iststheratios  
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Table4．3：Usageofstyle－Orientedtags   

Site  UseoftagsImportantphrases  Ratio   

IGD   167  112   0．670659   

DLIB   341  286   0．838710   

W3C   211  153   0．725118   

Ofthenumberofoccurrencesoftagstothenumberthatencloseimportant  

phrases．   

Welookathierarchicalstructurewithsevenlevels，Whichconsistofchap－   

ter，SeCtion，Subsection，paragraPh and so on．Such semant，ic boundaries  

Within theWWWpagesaremanua11yidenti6ed ateach hierarchicallevel，  

andusedasrightanswers．Theseboundariesaredecidedonthebasisofpre－  

SentationsrenderedbyWWWbrowsers．Here，thetoplevelisindicatedby   

hl，thesecondlevelisbyh2，…，andthelowestlevelisbyblock．Paragraphs，   

1istsandtablesarealwaystreatedasblocklevel．Thesetsofboundariesare  

COdedasAi（i＝hl，・・・，h6，block）・   

ValidityofaderivedloglCaltreeis evaluated asfb1lows：At eachlevel  

L＝1，‥．，6correspondingtoi＝hl，…，h6，letBibethesetofboundariesof  

≪leadin9（L）≫and≪trailin9（L）≫nodesinthelogicaltree・Beyondthat，  

1etBbE。Ckbethesetofboundariesof≪如radiv≫and≪如ra9raPh≫nodes．  

Theprecisions13andrecallsRiarethencalculatedfbrsubstructuresateach  
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hierarchica11evelineachgivenloglCaltree．  

14∩β五l  
彗＝  

匿l  

14∩β五l  
（豆＝九㍉．．，略わgoc可．   凡＝  

14l  

The results fbr the three sites arelistedin Tables4．4to4．6，and the   

average ofthe three arelistedin Table4．7．In the tables，Manualand  

Rules show the totalnumber ofthe boundaries decided manually and by  

derivationrules．Precision and Recallare the averages ofprccisions and  

recal1sofboundaries．Notethat，tOCalculateprecisionsand recallsateach  

level，We uSe Only pages that have boundaries produced manua11y and by  

derivationrulesattherespectivelevel・Pa9CSarethenumberofpagesused・   

Withthehighestthreeandtheblocklevels，inmostcases，Precisionsand  

Recallswere over90％．Atotherhierarchicallevels，theywere about25％  

to70％．Substructures at theselevels，however，Seldomoccur．Thisresult  

indicatesthatthederivationrulescanderivelogicaltreesthataresimi1arto  

humanJudgedstructures．   

Additiona11y，Tもbles4．8to4．111istscorrelationsbetweentheuseofhead－  

ingtagsandthedescriptionsofheadings．Inthetables，UseofTa9Sisthe  
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Table4．4：ExperimentalresultforIGD   

エelノeg  〟αれ視αJ 月別geβ  Prec豆βわ乃 P叩eβ  月ecαgg P叩eβ   

ん1   20  20   1．000  10   1．000  10   

ん2   61  60   1．000  9   0．984  9   

九3   63  63   1．000  9   1．000  9   

ん4   19  19   1．000  2   1．000  2   

ん5   3  5   0．500  2   1．000   1   

ん6   0  0   0   0   

むgocた   549  715   0．773  10   0．998   10   

Table4．5：ExperimentalresultfbrW3C  

エeてノeg  〃α相加αJ 月㍑geβ  PγeC豆β豆0†lP叩eβ  月ecαgg P叩eβ   

九1   17  17   0．850  10   0．850   10   

九2   72  70   0．917  9   0．930  9   

ん3   68  69   0．911  9   0．933  9   

ん4   71  71   0．933  5   0．933  5   

九5   0  0   0   0   

九6   0  0   0   0   

らgocた   665  738   0．852  10   0．937   10   

Table4．6：ExperimentalresultfbrDLIB  

エeてノeg  〟α相加αJ 月祝geβ  PγeC乞β宜0γも P叩eβ  月ecαgg P叩eβ   

ん1   3  3   1．000  3   1．000  3   

ん2   27  27   1．000  9   1．000  9   

九3   88  87   0．846  10   0．936  9   

九4   46  32   0．800  5   0．667  6   

九5   19  8   0．125  4   0   

九6   0  20   0．000  7   0   

らgocた   659  877   0．717  10   0．947   10   
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T b147 A ⊥aDle4・／：A VerageSIOrallSlteS   

エeてノeg  〟αれ㍑αg 月祝geβ  Prec豆βわm P叩eβ  月ecαgg P叩eβ   

ん1   40  40   0．935  23   0．935  23   

ん2   160  157   0．972  27   0．971   27   

ん3   219  219   0．916  28   0．956  27   

ん4   136  122   0．889  12   0．821   13   

ん5   24  13   0．250  6   0．667  3   

ん6   0  20   0．000  7   0   

わgocた   1873  2330   0．781  30   0．961   30   

Table4．8：ExperimentalresultfbrIGD  Table4．9：ExperimentalresultfbrW3C  

ガeαd宜乃g  UβeOJβeβCγ乞〆豆0γもβ   

上eγeg   rα卵 OJガeαd豆m卵   

九1   1．000  1．000   

ん2   1．000  0．990   

ん3   1．000  1．000   

九4   1．000  1．000   

ん5   0，333  1．000   

九6  

ガeαdれタ  UβeOJ βeβCγ豆〆五抑β   

エeueg   rα卵 Oメガeαd哀調ββ   

九1   1．000  1．000   

ん2   0．998  1．000   

ん3   0．923  1．000   

ん4   1．000  1．000   

ん5  

ん6  

Table4．10：Experimentalresult払rDLIB  Table4・11‥Averagesfbral1sites  

ガeαd五叩  UβeO／ βeβCγ乞p偏れβ   

ムeveJ   rα卵 Oメガeαd五和卵   

九1   1．000  1．000   

ん2   1．000  1．000   

ん3   0．816  0．938   

ん4   1．000  0．738   

九5   0．000  0．000   

ん6   0．000   

ガeαd豆mタ  UβeOJかeβCr乞p如mβ   

エeueg   r叩β 0ノ’ガeαdれgβ   

た1   1．000  1．000   

ん2   1．000  0．995   

九3   0．879  0．940   

九4   1．000  0．763   

九5   0．290  0．039   

九6   0．000  
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ratioofthenumberofphrasesenclosedbyheadingtagstothenumberthat  

describe actualheadings．Descriptions of Headings aretheratioofthe  

numberofdescriptionsofheadingstothenumberindicatedbyheadingtags．   

These tables allowus toobtaincorrelationsbetween Use of Tags and   

Precision，andbetweenDescriptionsofHeadin9SandRecall．Misusesof  

lowerlevelheadingtagstoemphasizeenclosedphrasesseemtoreducepre－  

Cision．Ontheotherhand，theuseofnon－headingtagstoindicateheadings  

SeemS tO reducereca11s．Therefbre，lowerlevelheadingtagsshouldnotbe  

usedtoderiveloglCaltreesh・OmaCtualWWWpages．   

Theseexperimentsrevealedthathigherandblocklevelsubstructurescan  

beextractedbythederivationruleshtomlargepages，Which comprisethe  

maintargetoftheproposedscheme．Wefurtherthinkthatotherlowerlevel  

SubstruCtureSCanbeextractedbythisschemeifcorrespondingheadingtags  

areusedvalidly．Inhtureresearch，WeWillmodifyourschemetoconsider  

theuseofactualtagsinthecurrentWWW．  

4・5・2 Evaluation丘）rGenerationofView－pageS  

Inthesecondexperiments，thecorrectnessofthenodescoresareevaluated．  

This evaluation is performed as follows under an assumption that target 

PageSareValidHTMLdocumentsandthederivedloglCaltreesarecorrect・  
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First，ahumanevaluatesthenodesofeachloglCaltreeaccordingtoafive－  

gradesysteminwhich丘veisthebestgradeandoneistheworst・Oursystem  

thenscoresthemusingthescorlngSChemeinSection4・3・Thecorrectnessis  

evaluatedbycomparlngtWOSequenCeSOfnodesrankedbythesescores・   

WeusedtenvalidHTMLdocumentsmanual1ygeneratedh・OmOurPub－  

1ishedpapersandtwokeywordsetsfbreachdocument・Foreachdocument，  

6vewordsthatappeared丘equentlyinafewreglOnSOfthedocumentwere  

decidedasakeywordset・Next，foreachpairofanHTMLdocumentanda  

keywordsetk）rthedocument，WegaVehuman岬judgedgradesandcalculated  

SCOreStOnOdesinthederivedloglCaltrce・   

Correctness ofthe scores oftheir nodes are evaluated on the basis of  

Bertell，smeasureJ［72】．Here，Wedescribethehuman－judgedgradebyG（n）  

andthecalculatedscorebyR（n）branoden・Givenatotalorder＞brthe  

nodeset，themeasureJisglVenbyfbllowingIbrmula：  

∑叶m′（属（m）一月（m′））  
J（〃）＝   

∑醇れ′匿（m）一月（mり】  

This measure calculates similarityofthe sequence ranked by thescorlng  

functionRtothesequencerankedbytheorder＞・Itgivesl・Ofbrthesame  

rankingsand－1．Ofbrreverserankings・  
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We determinethe totalorder．＞basedonG（n）・however，WeCannOt  

uniquelydeterminethesequencebasedonthehuman－judgedgradesbecause  

there are many nodes with the same grades・This evaluation uses three  

SequenCeSinsteadofaunlqueOnefbreachloglCaltree‥OPtimistically，PeS－  

Simisticallyandrandomlygeneratedsequencesbasedonthegrades．TheBrst  

twosequencesareglVenbyfbllowlngtOtalorders：  

（Ⅰ）G（m）＞G（m′）∨（C（れ）＝G（m′）∧月（れ）＞月（れ′））   

（ⅠⅠ）C（m）＞G（m′）∨（G（乃）＝G（m′）∧月（m）＜月（れ′））・  

Definition（Ⅰ）givesanoptimisticorderbecause月alwaysgivescorrectorders  

fbr nodes with the same grades・Definition（ⅠⅠ）gives apessimisticorder  

becauseRalwaysgiveswrongorders．WecallJbasedon（Ⅰ）and（ⅠⅠ）Jl  

andJi．We also generate sequences with nodes having the same grades  

Orderedrandomly．LetJ3betheaverageoftheJbasedonsuchonehundred   

SequenCeS・  
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Table4・12‥Condition（a）：Experimentresultusingunifbrmweightsαc  
tγe乞夕最£   JI  J2  J云   

all－1   0．89812  0．54273  0．71924   

all－5   0．90482  0．56939  0．73591   

alト10   0．90733 0．58532 0．74731   

all－15   0．90652 0．58581 0．74581   

all－20   0．90141 0．56719  0．73291   

仇JJereれCe   0．00921 0．04308  0．02807   

Jmpγ0γeme7扉（％）  1．01507  7．35392  3．75614   

Table4・13：Condition（b）：Experimentresultusingnon－uni払rmweightsαc  
lγe豆夕揖β   JI  Jら  ム   

A   0．90198  0．56822  0．72916   

B   0．90538 0．59328 0．74710   

C   0．90293  0．58371 0．73198   

D   0．90431 0．57121 0．73939   

E   0．90562 0．58931 0．74583   

β豆JJeγeγもCe   0．00364  0．02506  0．01794   

JmpγOUemeγ呵％）  0．40356  4．41026  2．46037   

Table4・14‥Condition（c）：Experimentalresultusingdi鮎rentweightsβn，t  

lγe豆夕加β   JI  Jら  ム   

al11   0．90381 0．58181 0．74194   

×1   0．90538 0．59328 0．74710   

× 2   0．90321 0．57619  仇73981   

×3   0．90298  0．57581 0．73973   

かげJeγeれCe   0．00240  0．01747  0．00737   

Jmpγ仇eme7扉（％）  0．26579  3．03399  0．99631  

Tables4・12to4・141isttheaveragesofresultsbythesemeasuresuslng  

SOmeOftheweightvariationslistedinTもble4．1and4．2．Differencesare  

thedi鮎renceofthemaximumandminimumvalues；Improvementsarethe  
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Table4．15：Non－uniformweightsαc  
NodeType  A  B  C D E   

≪九eαdれタ（1）≫  15 15 20 10 15   

≪九eαd乞几g（2）≫  15 15 20  8 11   

≪んeαd虞犯タ（3）≫  10 10 15  6  8   

≪九eαd宜乃タ（4）≫  10 10 15  5  6   

≪九eαd豆mタ（5）≫  5 10 10  4  4   

≪九eαd血g（6）≫  5 10 10  3  3   

≪Jeαd宜れタ≫  5  5  5  5  5   

ratioofDifferencestotheminimumvalues．Theweightof≪leadin9≫is  

fiⅩedat丘ve，andtheslopeconstantSisfiⅩedatO．21．   

First，tOinvestigate thee鮎cts ofbias factorsPnin Table4．2，WefiⅩed  

COe抗cientsαc tO Table4．1and applied the unifbrm weights．rrable4．12  

1iststheresults・Intheseweights，a11theheadingnodesareglVenthesame  

Weights，1，5，．．・，25．Wecalleachofthemall－1，all－5っ・．・，all－25．Theresult  

Showed alittleimprovementinall－10andall－15・Theweightsall－1always  

Showedtheworstresults・ThisshowedthatasslgnlngWeightscorresponding  

tonodetypesise鮎ctive．   

Second，tO decide more appropriate bias factors，We alsofixed weights  

toTable4．1andappliedthenon－unifbrmweights．Theresultsarelistedin  

Table4．2・TheseweightswereaboutlOto15basedon thebest resultsin  

Condition（a）．Inthesecase，WeightsBandEshowedrelativelygoodresults・  

In particular，Bshowedbetterresultsthanall－10and all－15．Thisreveals  

1ThisslopeconstantValueise侃cientforsomedatacollectionsofTREC［15］・  
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thatnon－unifbrmweightsaree鮎ctive．   

Finally，WeapPliedvariationsofcoe用．cientsbasedonTable4・1andfiⅩed  

biasfactorPntoweightsB・Weightsall－1givesltoallstyle－Orientedtags，  

and“×N”glVeS N times ofthe weightslistedin Table4・1・Weights xl  

yieldedthebestresults，buttheyprovidedlittleimprovement丘・Omall－1・   

Theaveragevalues払rJl，J2andJ3WereaboutO・91，0・59，0・75，reSpeCr  

tively．Throughallexperiments，JIShowed good・And althoughJ2is a  

PeSSimisticmeasure，theresultsityieldedwerenotbad．Thissuggeststhat  

OurSCOrlngSChemeworkswe11forHTMLdocumentswithappropriatetags，  

andcanbeimprovedwithappropriateweights・  

4．5．3 More ExperimentsintheWWW  

TheexperimentsinSubsection4．5．1and4．5．2weree鮎ctiveforWWWpages  

thathadbeenslightlycontrolled．RealWWWpages，however，donotneces－  

SarilyfbllowW3Crecommendations．Thissubsectioncoversourapplication  

of the two evaluation methods to a more realistic context of WWW page 

browslng・   

First，Wedecidedafivekeywordsetconsistingoffivewordsrelatedtothe  

wholetargetdomainandamorelocaltopic．Wethenselected丘vesetsof  
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tenWWWpagessearchedbytheGoosearchenginewiththekeywordsets・  

TheylnCludedsmallandunstructuredpagesaswell．Asmentionedatthe  

beglnnlngOfthissection，WWWpagescomprlSlngntameSandlargetables  

were excluded．   

Tables4・16to4・211istthe evaluatedresultsofvalidityonthederived  

logicaltrees・Theaveragesofprecisionsandreca11swereover70％inmost  

CaSeS・Becausethereweremanymisusedtagsandtagusewasinconsistent，  

SOmePreCisionsandreca11swerereduced．Weneedtodiscoverheadingsby  

uslng Clues other than heading tags．We also need to be able toidentify  

misusedtags．  

Table4．22showstheevaluatedresultsofcorrectness ofnodescores．The   

averages fbrJl，J2andJ3were O．80to O．95，0．56to O．80，0．69to O．87，  

respectively．Withtheseresults，WeCanCOnCludethatourschemealsoworks  

払rordinaryWWWpages．  

4．6 Discussion and FutureIssues  

ThischapterpresentedanewschemetosupportWWWbrowslngbydynam－  

icallyprovidingHTMLpagestailoredtoauserprofi1e．Thisschememakesit  

easy払rtheusertoidentifyinterestingpartsandtounderstandthecontents  
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Table4．16：ExperimentalresultfbrkeywordsetA  

ムetノeg  〟α乃視αg 虎視geβ  Prec豆β豆0γも P叩eβ  兄ecαgJP叩eざ   

九1   18  16   0．875  8   0．778  9   

ん2   48  27   0．717  6   0．465  9   

九3   30  33   0．926  5   0．833  6   

ん4   9  3   1．000  1   0．500  2   

ん5   0  0   0   0   

ん6   0  0   0   0   

わgocた   289  375   0．720  10   0．972   10   

Table4．17：ExperimentalresultfbrkeywordsetB  

上eてノeg  凡才αれ祝αg 虎視Jeβ  Prec五ざ宜077 P叩eβ  月ecαgg P叩e5   

ん1   26  20   0．912  9   0．688  8   

ん2   23  23   0．821  5   0．985  7   

九3   33  25   0．826  6   0．633  6   

ん4   12  10   1．000  2   0．402  3   

ん5   3  5   仇731  2   0．837  2   

ん6   0  0   0   0   

わJocた   267  325   0．814  10   0．912   10   

Table4．18：ExperimentalresultfbrkeywordsetC  

エeγeg  几すαm祝αg 月uJeβ  PγeC豆5宜0†lP叩eβ  月ecαJJP叩eざ   

ん1   19  18   0．958  8   0．932  9   

九2   16  10   0．715  5   0．373  8   

ん3   20  19   0．894  5   0．712  6   

ん4   1  0   0．000  1   0   

九5   0  0   0   0   

九6   12  11   0．712  4   0．632  2   

ゐJocた   218  238   0．832  10   1．000   10   
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Table4・19：ExperimentalresultfbrkeywordsetD   
エeてノeg  〟αm現αg 月祝～eβ  PγeC豆β豆0γも P叩eβ  月ecαgJP叩eβ   

ん1   20  20   1．000  10   1．000   10   

ん2   28  26   0．893  7   0．893  7   

ん3   13  14   0．813  3   0．872  3   

ん4   0  4   0   0．000   1   

九5   3  3   1．000  1   1．000   1   

ん6   0  0   0   0   

わgocた   764  893   0．819  10   1．000   10   

Table4．20：ExperimentalresultforkeywordsetE  

エe〃eJ  〟αm㍊αg 月祝geβ  PγeC豆5豆om P叩eβ  蝕cαgJP叩eβ   

ん1   23  20   0．871  8   0．773  9   

ん2   48  27   0．717  6   0．535  9   

ん3   21  38   0．451  3   0．858  6   

ん4   8  5   0．790  3   0．682  2   

ん5   0  0   0   0   

九6   0  0   0   0   

みgocた   289  375   0．720  10   0．972   10   

Table4・21：Averages払rallexperimentalresults  
エetノe～  〟αm祝αJ 虎視～e5  PγeC豆βわれ P叩eβ  月ecαgg P叩eβ   

ん1   106  94   0．942  43   0．842  45   

九2   163  113   0．835  29   0．686  40   

ん3   117  129   0．881  22   0．723  27   

九4   30  22   0．612  7   0．374  8   

ん5   6  8   0．829  3   0．912  3   

ん6   12  11   0．712  4   0．632  2   

わgocた   1827   2206   0．873  50   0．957  50   
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Table4，22‥EvaluationofscorlngSCheme  

KeywordSet   右  カ  ム   

A   0．94922 0．79706 0．87235   

B   0．88103 0．62138 0．75131   

C   0．87391 0．55931 0．71648   

D   0．79913 0．58138 0．69025   

E   0．84679 0．69719 0．77281   

OfWWWpages・Tbthisend，Wehaveintroducedadocumentmodelcalleda  

loglCaltree．Inourscheme，loglCaldocumentstructuresembeddedinHTML  

documentsareextractedintheloglCaltree，andsummariesbiasedbytheuser  

PrOfi1e are generated fbrbrowslng．Wehave alsoshown that the proposed  

SChemecanbeimplementednon－intrusivelyinthecurrentWWWbrowslng   

environment．Wealsohavesomeexperimentalevaluationsandhaveobtained  

goodresults．   

RemainlngreSearChissuesincludedetailedperfbrmanceanalysIS，andim－  

provement oftheprototypesystem．Wealsoplantoextend ourschemeto   

makethebestofhyperlinksandref6rencedpagecontentsinview－Pagegeneト  

ation．ApplicationsoftheschemetoXMLdocumentsisanotherinteresting   

researchissue．  

77   



Chapter 5 

Ⅹ2QL：AnExtensibleXML  
QueryLanguage  

5．1 0verview  

With the recent and rapidadvance oftheInternet，managementOfstruC－  

tured documents such as XML documents and their databases has become  

moreandmoreimportant【73ト［74］・AnumberofquerylanguagesforXML  

documentshavebeenproposeduptothepresent．   

ⅩMしQL［18］andXQL［53］arewell－knownXMLquerylanguages．Aト  

thoughLorel［57］，UnQL［59】，StruQL［75】，andYATL［58］areproposedas  

querylanguageSfbrsemistructureddata，ⅩMLdocumentsaretheirpotential  
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targets・Theyallowtheusertodescribequeriesinadeclarativemanner・Es－  

PeCially，ⅩML－QLandmanyquerylanguageSfbrsemistructureddataenable  

tag－based powerfuldocumentstructure manipulationsuch asrestructuring  

element hierarchies andjoins．However，they are very weakin document   

COntentSprOCeSSing・   

Here，thedocumentcontentsprocesslnglmPliesthesimilarity－basedse－  

1ection，ranking，Summarygeneration，tOpicextraction，andsoon［76ト【77］・  

Someofthe afbrementioned querylanguages havecertain kinds ofstring－  

basedpatternmatchingfacilities．However，theyarenotenoughtoperfbrm，  

fbrinstance，Summarygeneration．   

RequlrementS fbrdocument contents processlngVary dependingon ap－  

Plications，target document types，andtarget elementtypes・Forexample，  

SeVeraltechniqueshavebeenproposedfbrsummarygeneration［76】．Even  

insimilarity－basedsearch，meaSureS PrOpOSed sofarhavetheirownstrong  

andweakpoints［78］・Thus，itisverydi侃culttoprovideacompletesetof  

COntentSPrOCeSSingfacilitiesinadvancetocopewiththevarietyofrequire－  

ments．ApromlSlngapprOaChtothisdi伍cultyistomakeaquerylanguage  

extensibletoadoptuser－de丘nedcontentsprocesslngfunctions・  

Inthischapter，WeprOPOSeaneXtenSibleXMLquerylanguageX2QL，  

Whichf6aturesinclusionofuser－definedbrelgnfunctionstoprocessdocument  
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COntentSinthecontextofXMしQL－baseddocumentstructuremanipulation．  

XML－QListhemostwelトknownXMLquerylanguagef6aturingtag－based  

POWerfuldocumentstructuremanlPulation．Thisisthereasonwe havede－  

signedX2QLtakingXML－QLasastartingbasis．Foreignfunctionsa．regiven  

asexternalprogramswritteninprogrammlnglanguages・Byincludingap－  

propriateuser－definedfbrelgnfunctions，eaChusercanextendtheprocesslng  

powerofX2QL．Thisextensibilitymakesitpossibletointegrateapplication－  

Oriented high－1evelcontents processlng facilitiesinto querylng documents．  

WealsodescribeanimplementationofanX2QLqueryprocessingsystemon  

topofXSI∬［19］－［21】processors・   

TheremainlngPartOfthischapterisorganizedasた）1lows・InSection5．2，  

WeShowsomeexamplesofqueries，inwhichinclusionofdocumentcontents  

processingisbeneficial．Section5．3explainsthemainconstructsofX2QL，  

andshowsitsqueryexamples．Section5．4describestheextensionmechanism  

viafbreignfunctions．Section5．5describestheimplementationoftheX2QL  

queryprocessingsystemontopofXSLTprocessors．Section5．6explainsan  

advancedfbatureofX2QL．Finally，WeSummarizeanddiscussthischapter  

in Section5．7．  
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5．2 MotivatingExamples  

ThissectionshowstwoexamplesofXMLqueries，1nWhichinclusionofdoc－  

umentcontentsprocesslngisbeneficial．Thesequeryexamplesarespeci丘ed  

inX2QLinSection5．3．   

SupposethatanXMLdocumentincludingnewspaperarticlesisgiven，in  

whicheacharticleconsistsofitspublicationdate，headline，andnewsbody・  

ItsDTDisglVenaSfbllows・  

＜トーDTD of theinput docunent…＞  
Article＋＞  

（Da．te，Category，Headline，Body）＞  

（Yea．r，Month，Day）＞  

＃PCDATA＞  

＃PCDATA＞  

＃PCDATA＞  

＃PCDATA＞  

＃PCDATA＞  

Paragrapb＋＞  

＃PCDATA＞  

く！ELEMEⅣT  

く！ELEMEⅣT  

く！ELEMEⅣT  

＜！ELEMENT  

＜！ELEMEⅣT  

＜！ELEMEⅣT  

＜！ELEMEⅣT  

＜！ELEMENT  

く！ELEMENT  

く！ELEMENT  

Docunent  

Article  

Date  

Year  

Month  

Day  
Category  

Headline  

Body  

Paragraph  

ExamplelWegenerateanewXMLdocumentinwhicharticlespublished  

after1999areselectedandgroupedbythecategory，andtheirsummariesare  

added．TheDTDoftheoutputdocumentisshownbelow・Thisqueryre－  

qulreSboththedocumentstructuremanipulationtoselectArticleelements  
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Publishedafter1999andgroupthembytheCategoryvaluesandthedocu－  

mentcontentsprocesslngtOgenerateSummariesofArticleelements・  

＜トーDTD of the output document一－＞  

＜！ELEMENT Document  

＜！ELEMENT Group  

＜！ATTLIST Group  

＜！ELEMENT Article  

＜！ELEMEⅣT Date  

＜！ELEMENT Year  

く！ELEMENT Month  

＜！ELEMENT Day  

＜！ELEMENT Headline  

＜！ELEMENT Summary  

＜！ELEMENT Body  

＜！ELEMENT Paragraph  

I）ateGroup＋＞  

Article＋＞  

Category CDATA＃REQUIRED＞  
（Date，Headline，Snmmary，Body）＞  

（Year，Month，Day）＞  

＃PCDATA＞  

＃PCDATA＞  

＃PCDATA＞  

＃PCDATA＞  

＃PCDATA＞  

Paragraph＋＞  

＃PCDATA＞  

Example2 WeglVeaSetOfkeywordsandgetthetopNarticlesrelated  

tothekeywords．TherankingorderofeachArticleelementisdetermined  

bythesimilaritywiththekeywords・ThesimilaritymeasureisglVenbysuch  

contents processing function. 
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5．3 Ⅹ2QL：An eXtensible XML QueryLan－  

guage  

ThesyntaxofX2QLissimilartothatofXML－QL．However，X2QLcan  

incorporateuseトdefinedfbrelgnfunctions・rrheimplementationoffbrelgn  

functionsisgiven asexternalprograms．First，Subsection5・3・1givesthe  

syntaxofX2QL．Then，fbreignfunctionsareexplainedinSubsection5・3・2・  

Subsection5．3．3showshowexamplequeriesinSection5．2arespecifiedin  

X2QL．  

5．3．1 QuerySyntax  

Asaforementioned，thesyntaxofX2QLisbasedonXML－QLasfbllows・  

where  patterns［in source］［，PatternS［in source］］＊［，Predicate］＊  

［rank－by rankingkeys top number］  
［order－by orderin9keys［descending］］  

construct constructionqfeach ou卸ut  

Thewhere，Order－by，andconstructclausesaresameasinXML－QL，eX－  

ceptthattheycancontainfbreignfunctioncallsasexplainedinSubsection  

5．3，2．Eachvhere clausebindsvariables accordingtothespecified condi－  

tions．Forconvenience，WeCa11atupleeachsetofvariablebindings・Then，the  
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COnStruCtClausegeneratestheresultforeachtuple．Fina11y，ifanorder－by  

Clauseisspecified，thegeneratedresultsaresortedbytheglVenOrderm9keys・   

Arank－byclauseisusedtospeci＆atmostthetopnumbertuplesare  

Selectedbasedonthevalueoftherankingkeys．Thisselectionisperfbrmed  

befbre the construct clauseis processed．The orderofselected tuplesis  

notaffectedbythisclause，namely，theorderofoutputelementsisbasedon  

theorderin theinputdocument．Inthedocumentcontents processlng，it  

isoftennecessarytoranktargetelementSbysomesimilarityorimportance  

measure derived by the払relgnfhnction and toselectthe top N elements  

based on theirranks．Tb facilitatesuch processlng，We haveincluded the  

rank－byclauseasanextension・  

5．3．2 ForelgnFunctions                                        ■  

Asexplainedin Subsection2．3．1，functions definedin XMしQL arejust  

cannedqueries．InX2QL，uSerSCandefinefbreignfunctionswhoseimple－  

mentationisgivenasexternalprograms．InthecurrentversionofX2QL，We  

assumethattheyarewritteninJava・SeeSection5Atoimplementfbreign  

functions．   

Basic払reignhlnCtionsareclassifiedinto9eneral舟nctionsandelement  

methods．Theothertypesof払reignfunctionsaredescribedinSection5・6・  
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Generalfunctionsarede丘nedintheglobalnamespace．Ontheotherhand，  

each element methodis associated with a specific element type，namely，  

definedinitslocalnamespace．Therefbre，element methods ofthe same  

namecanbedeBnedfbrdi鮎rentelementtypes．WhenaforelgnhlnCtionis  

Ca11ed，theelementtypeofthetargetelementischecked，thenanappropriate  

elementmethodisinvokeddependingonthetargetelement．   

LetusconsiderforelgnfunctionsrequiredfbrtheexamplesinSection5．2．  

FbrExamplel，Weneedaelementmethod（namedabstract（））associated  

WiththeArticle elementtypetosummarizeeachArticle elementandto  

returnaSummaryelement・Theelementrnethodgeneratesasummaryofan  

Articleelementconsideringthetargetdependentpropertysuchthatterms  

appearedinitsHeadlineelementareimportant．   

ForExample2，Weneedafunctiontomeasurethesimilaritybetweenthe  

glVenkeywords andanelementcontent・Here，1etusde丘neitas ageneral  

function，SaySim＿COSine（），thatcalculatessimilaritiesbasedonthetradi－  

tionalcosinemeasure【13］，ByapplyingthefunctiontoanArticleelement，  

itssimilarityvalueisreturned・1  

Inourenvironment，払relgnfunctionsaredefinedasR）1lows・  

1similaritymeasuresoftenneed document－dependentglobalfactors（e・g・idf）・The  
implementations offbrelgnfunctions are responsibletocalculating themin theirBrst  

invocation．  
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function 加e－れαmeタeれerⅦg－舟柁C如和一れαme（叩押冊由一紘如）  

defined－by”URIqftheimplemeniation‖   

function 古狸e－れαme egemer乙才一吻e－れαme  

・egeme71才一me班od－れαme（α叩祝m綱吉－g豆β亡）  

defined－by”tTRIqftheimplemeniation‖   

叩ume柁f一紘扉‥：＝ま脚e一犯αmeα相加me†l壬－れαme［，  

土膵e－mαmeα相加meγもf－れαme］＊  

Inthedefinitionofafbreignfunction，thedatatypesofargumentsandreturn  

Values are specified・The data types number，String，element，COntent  

and any element types are allowed．Variables bound by element＿aS and   

COntenLasareassociatedwithelement andcontentvalues，reSpeCtively．  

Thedefinitionsofabstract（）andsim＿COSine（）aregivenasfollows．  

function Sunmary Article．abstract（）  

defined－by‖http：／／fqdn／path／pkg・ArticleMethods＃aLbstract‖   

function nu皿ber sim＿COSine（content target，String keyword）  

defined－by■．http：／／fqdn／path／common・VeCSPaCe＃cosine‖  

5．3．3 QuerySpecificationExamples  

The queryspecificationfbrExamplesland2inSection5・2aregivenas  

bllows．  
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where  ＜Document＞ ＄Ⅹ＜／＞  

construct ＜Document＞in ‖articles．xml‖   

where  ＜Article＞  

＜Date＞＜Year＞＄y＜／＞＜／＞element＿aS＄d  

＜Category＞＜／＞content＿aS＄c  

＜Headline＞＜／＞ element＿aS ＄h  

＜Body＞＜／＞   element－aS＄b  

／  

V 
J
 
C
 
 

く
 
＄
 
＄
 
 

Order－by  

COnStruCt＜GroupID＝CtgID（＄c）Category＝＄c＞  

＜Article＞  

＄d ＄h ＄a．abstract（） ＄b  

＜／＞  

く／＞  

＜／＞  

QuerySpecificationl  

where  ＜Document＞ ＄Ⅹ＜／＞  

construct くDocunent＞inllarticles．xmlH   

where ＜Article＞ ＜／＞element＿aS ＄ain＄Ⅹ   

ra皿k－by sim＿COSine（＄a，keywords）top N   

constr11Ct ＄a  
く／＞  

QuerySpecification2  

InQuerySpeciRcationl，themethod abstract（）associatedwiththe  

Article element typeis used・The query returns a Docunent Whichis  
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a sequence of Group elements・The Group elements are sorted by the  

Categoryvalues・Each GroupelementgroupsArticle elementswiththe  

SameCategoryvalue・ASunmaryelementiscreatedbyabstract（）and  

insertedbetweentheHeadlineandBodyelements．TheDateelementisalso   

includedin the Article element．  

In QuerySpecification2，ageneralfunction sim－COSine（）isused・It  

glVeSthesimilarityofanArticleelementwithre＄PeCttOtheglVenkeywords・  

Withtheuseoftherank－byclause，OnlythetopNArticle elementsare  

containedin the result．They appearin thesame order asin thesource   

document．  

5．4 ExtensibilityviafbreignFbnctions  

Userswritingfbrelgnfunctionimplementationsneedtounderstandthebr－  

elgnnlnCtionframework・Thisframeworkconsistsofthetypesystem，inter－  

nalobjectmodelandJavabindingst  
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5．4．1 Type System  

Therearefivebuilt－intypesinX2QL：String，number，boolean，COntent  

and element．Beyond that，eaCh elementtypeinXML documentscanbe  

usedasatypeinX2QL．Itistreatedasasubtypeofelementtype，Whichis  

thegenericbuilt－intypefbranyelementinanXMLdocument・   

Whenbindingavariable，thevaluetypeisdecidedaccordingtotheloca－  

tionfrom whichthevaluewasextracted．The typesareelement，COntent  

Or String・Whenevaluatinganexpression，thetypeoftheresultvalueis  

glVenbythetypereturnedbythefunction．   

When thetypeofavaluedi鮎rsffomthetypedesiredbyafunctionin  

an expression，the valueis translatedinto the desired typeifpossible．If  

translationisimpossible，then the querylSnOtPrOCeSSed．Thistranslation  

isdefinedinTable5・1・In thistable，afunctionpq（p，q∈（s，n，b，C，e））  

mapsavalueofthetypeqintoavalueofthetypep．Letterss，n，b，Cand  

e represent string，nunber，boolean，COntent andelement，reSPeCtively，  

and“－” indicatesthattranslationisunnecessaryorundefined．   

nユnCtionsscandsetranslateacontentitemandanelementintoastring  

ValuebyremovlngtagSWithinthem，andsnandsbreturnS thestringrep－  

resentation ofaglVen Value・When translatingintonumber andboolean  
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Table5．1：nanSlationrulesbetweentypes  

Values，thevaluesarefirsttranslatedintoastringvalue，thenintonumber  

andbooleanvaluesbybsandns．Functionscsandcereturnacontentvalue  

thatcontainsonlytheglVenValue．Onlycontent valuescanbetranslated  

into element values．Function ec returns thefirst element within aglVen   

content valueifthefirstitemis an element．  

5．4．2 Interna10bjectModel  

This subsection explains howto manageelementsin XML documents and  

implementationsoffbrelgnfunctions．   

Theassociationsbetweeneachelementtypeandimplementationsofele－  

mentmethodsareglVenbyforelgnfunctiondefinitions．Theseassociations  

aremanagedbythe♪↓nCtiontablefbreachelement・  

At thefirstinvocation ofan element method fbr agiven element，an  
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instanceobjectcalledelementoむectiscreatedfbrtheelement．Theimple－  

mentationisthenexecuted throughthecorrespondingfunctiontable，and  

theelement objectis passed totheimplementation．Instantiated element  

ObjectsstaylnmemOryWhileprocesslngaquery．Afterthis，Whenanele－  

mentmethodfbrthesameelementisinvoked，theelementobjectthathas  

alreadybeeninstantiatedisused．Allgeneralfunctionsaremanagedbythe  

anonymouselementobject．   

Element objects have an extendedinterface of W3C DOM Element．  

Therefore，implementationscan be accessed to the elementitself，its par－  

ent and child nodes and the document with the element．They also serve   

functions to  

●invokeanelementmethodassociatedwithanelement，and   

・StOreObjectscreatedbytheimplementationasprvperties・  

Thefirstfeatureisrealizedbytheinvoke methodofelementobjects・By  

thisf6ature，implementationscaninvokeelementmethodsofotherelement  

objects．Thisinvocationisenabledbyitsinternalfunctiontable・Thesecond  

ftatureisprovidedbytheirsetPropertyandgetPropertymethods・These  

methodsrealizetheimplementationofforelgnfunctionswhoseresultsdi鮎r  

fromordependontheresultsofpreviousinvocations・Propertiesarenamed  

bystringkeysandkeptinadictionarycollectionwithintheelementobject・  

91   



5．4．3 JavaBinding  

Asmentioned earlier，theimplementationsofbrelgnfunctions arewritten  

asJava programs．InJavabinding，data types nunber，String，element  

andcontent aremappedintoXⅣunber，ⅩString，ⅩElement andXContent  

interfacesinthepackageprovided壬brX2QL．Allelementtypesaretreated  

as element values．Theseinterfaces are subinterfaces ofXObject・Note  

that XElement and XContent are extensions of W3C DOM Element and   

DocumentFragmentinterfaces．XElement representselementobjects・Espe－  

Cia11y，additionalmethodsofelementobjectsaredefinedasfbllowsinJava：  

PaCkageJP・aC・tSukuba・is・kde・Ⅹ2ql・Objects；  

ⅩElement extends org■W3c・dom・Element   

invoke（String name，ⅩObject［］aLrgS）；  

SetProperty（String na皿e，Object value）；  

getProperty（String name）；   

PublicinterfaLCe  

（   

Public XObject   

Public void   

Public Object  

）  

When anelementmethodistobeimplemented，aJavaclassiscreated  

andtheimplementationisglVenaSitsmethod．Whenanelementmethodis  

invokedfbranelement，theelementisaddedastheBrstargumentselfinthe  

argumentlistoftheJavafunction．Asanexample，theJavaimplementation  

ibrthemethodaLbstract（）isgiveninSubsection5．3・2．Thequeryprocessor  
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Checks the element type oftheelement boundto self befbre themethod   

invocation．   

Implementations can create new values uslng aninstance objectwith  

thexobjectFactoryinterface・TheinstanceisprovidedbySystemModule，  

Whichisaslngletonobject．  

／／The class file should belocated at http‥／／fqdn／path／．  

PaCkage pkg；  

import jp・aC・tSukuba・is・kde■Ⅹ2ql・Objects・ⅩElement；  

import jp・aC・tSukuba・is・kde・Ⅹ2ql・util・SystemModule；   

Public class ArticleMethods  

（   

Public XElement abstra．ct（ⅩElement self）   

（  

ⅩElement result ＝null；  

result＝SystemModule・getXObjectFactory（）  
．createXElement（．‥）；  

return result；   

）   

）  
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5・5 QueryProcessingonXSLTProcessors  

WehavedevelopedanX2QLqueryprocessingsystemontopofanXSLT  

processor．Therationalehereisthree－fbld．First，theapproachcontributes  

torapiddevelopmentoftheprototyl）eOfanX2QLqueryprocessingsystem．  

Second，animplementationontopofXSIJrprocessorsassurcscertainlevel  

Ofportability．Third，X2QLcanworkasafrontendtoXSLTprocessors．As  

Shownbelow，ⅩSLTspeci丘cationsarelow－levelandproccdural，andtheyare  

di侃cultfbrnoviceusers・WithX2QL，WeCanSPeCi付documcntrnanipulation  

moredeclaratively．  

5．5．1 SystemArchitecture  

Figure5・1showsQueryprocessinginourprototypesystem．Thetranslator  

translateseachX2QLqueryintoXS汀templaterulesinstyleshects．The  

XSI∬processorthenexecutesthequerybyinterpretingthestyleshects．  

Thecurrentimplementationhasthefb1lowlngreStrictions・  

●Thequerydoesnotincludejoinsofmultipledocuments．   

●Noregularpathexpressionscontainingclosuresoftagnamesareused．  
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、一 ′、、、   
Source  
ML Document   

Result  
ML Document  

Figure5．1：Queryprocessingscheme   

●Nosubblocks2are used．  

●NoelementswithIDsspecifiedbyskolemfunctionsarenested．  

●● 5．5．2 MapplngOfForelgnFunctions  

ForeignfunctionsinX2QLaremappedtoextensionfunctions．Asmentioned  

before，1mplementation ofextensionfunctions depends on the underlying   

XSI∬processor．In this study，We COnCentrate On theimplementation on  

LotusXSL［22】［23］tomakeourdiscussionconcentrate・Theimplementation  

offbreignfunctionsofX2QLarewritteninJava．   

Thedefinitionofeachforelgnfunctionisprocessedbefbrethestylesheet  

generation．Thisisdonebytheadaptormoduleinsidethetranslator．Imple－  

2AsubblockisanⅩML－QLsubqueryenclosed‘（，and｛），，andisusedforouterjoins．  
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Java Stub ⅩSLTProcessor   
＞ イ  

Fhnction Table  

Figure5．2：Mechanismofamethodinvocation  

mentationoftheadaptormoduledependsontheunderlyingXSUrprocessor・   

TheLotusXSLadaptormodulereferstotheforeignfunctiondefinitions  

andgeneratesstubclassesinJava・Astubclassiscreatedforeachelement  

typeassociatedwithmethod3・Astubclasshasstubmethodswhichwork  

asextensionfunctionsinLotusXSL．ForeignfunctioncallsinX2QLqueries  

aretranslatedintocallsfbrappropriatestubmethods．Whenacertainstub  

methodisca11ed，thestubmethodtranslatestheargumenttypeinLotusXSL  

intotheJavatypeaccordingtotheJavamappingfbrtheX2QL，andcallsthe  

implementationofthecorrespondingforelgnfunctionbyuslngthefunction  

table（SeeFigure5・2・）Thetypeofthereturnvalueistranslatedinthereverse  

direction．Wehavealsodevelopedaclassloadertoloadtheimplementation  

Of払relgnfunctionsthroughthenetwork，andtheJavaReflectionAPIisused  

tomanlPulateclassesandmethodsdynamically．   

3Inthecurrentimplementation，generalfunctionsaretreatedasiftheyweremethods  
associatedwithadummyclass．  
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5・5■3 QueryTranslation  

Basic Translation 

First，Wedescribethetranslationofquerieswithoutrank－byandorder－by  

Clauses・In thiscase，aqueryis translatedinto astylesheet with acorre－  

SpOndingtemplaterule．   

BasicconstructsinwhereandconstructclausesinX2QLaretranslated  

into their counterpartsin XSIJT asillustratedin Subsection2．3．2．Basi－  

Cally，templaterulesaregenerated alongtheelementstructurespecifiedin  

COnStruCt Clauses，because template rules describe the output document  

StruCture・Namely，thetagsusedintheoutermostconstructionenclosethe  

Others・ElementhierarchypatternsglVeninvhereclausesareexpressedas  

locationpaths，andvariablesareboundasoccasiondemands．   

Each variable bindingis done with xsl‥for－eaCh and xsl：Variable  

instructions．Genera11y，intemplaterules，SOme auXiliaryvariablesarein－  

troducedinadditiontoonesspecifiedintheglVenquery・Theyareusedto  

SimplibTthelocationpathderivation，andtokeepvaluesdependingonthe   

Current COnteXt nOdelist．  

Theorderofvariablebindingsprlmarilycoincideswiththeorderinwhich  
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theyareusedintheoutputconstructioninthequery．Whenitgivesthesame  

Ordertomultiplevariables，theirusageinSkolemfunctionsandsortingkeys  

is takenin consideration．  

● TranslationofGrouplngbySkolemFunctions  

ThereturnvalueoftheSkolemfunctionhasaone－tO－OneCOrreSPOndenceto  

theset ofvalues glVenin arguments．Basedon this，agrOuplng SpeCified  

uslngtheSkolemfunctionistranslatedasshownbelow・   

Here，Article elements aregroupedbytheCategoryvalues・First，an  

Articleelementisselected・ItsCategoryvalueisboundtothevariable＄c・  

Thexsl：ifinstructionsaysthat，ifitisthefirstArticleelementhavinga  

Categoryvalue，theGro11Pelement，COllectingArticleelementssharingthe  

SameCategoryvalue，istheoutput・Ifthisconditionisnotmet｝nOGroup  

elementiscreated．Thus，agrOuplngOfArticleelementsbytheCategory  

valuesis attained．  

くトーA glVen query－－＞  

where  ＜Document＞ ＄Ⅹ＜／＞in ‖articles．xml●t  

COnStruCt ＜Docunent＞   
Where  ＜Article＞  

くCategory＞＄c＜／＞  

＜／＞ element＿aS ＄a  
＞
 
 

／
 
 

＜
 
 
 

Ⅹ
 
a
 
 

＄
 
＄
 
 
 

n
 
 

・
ュ
 
 

COnStruCt＜GroupID＝CtgID（＄c）＞  

く／＞  
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（a）Anexamplequeryincludinggrouping  

く！M The template rule to gro11P Articles－－＞  
＜ⅩSl‥temPlate match＝‖／■l＞   

＜ⅩSl：for－eaCh select＝‖Document‖＞  

＜ⅩSl：Variable naLme＝．一Ⅹ‖ select＝‖．‖／＞  

＜Document＞  

く！－－Select only the first Article  
With each Category value”＞  

＜ⅩSl：for－eaCh select＝‖Article［not（Ca・tegOry  
＝PreCeding－Sibling：：Article／Category）］  

／Category‖＞  

＜ⅩSl：Variable name＝‖c‖ select＝‖node（）‖／＞  

＜ⅩSl：Variable name＝’ICtgIDl’＞  

＜ⅩSl：Value－Of select＝■l＄cH／＞  

＜／ⅩSl：Variable＞  

＜！…Create the Group element －－＞  

＜Group＞  

＜ⅩSl：attribute name＝．■Category■■＞  

＜ⅩSl：Value－Of select＝一■＄c，．／＞  

＜／ⅩSl：attribute＞  

＜ⅩSl‥for－eaCh select＝‖＄Ⅹ／Article［Category＝＄c］‖＞  

＜ⅩSl：Variable name＝‖a”select＝一●．．．／＞  

＜ⅩSl：COPy－Of select＝l，＄a”／＞  

く／ⅩSl：for－eaCb＞  

く／Group＞  

＜／ⅩSl：for－eaCh＞  

＜／Document＞   

＜／ⅩSl：for－eaCh＞  

く／ⅩSl：temPlate＞  

（b）取anslationResult  
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TranslationofRank－byand Order－byClauses  

Genera11y，querieswithrank－byand order－byclausesaretranslatcdinto  

twoandthreestylesheets，reSpeCtively・TheyareinterpretedintheXSLT  

processoronebyone，andthecontrollerinFigure5・1controIstheinterprc－  

tation．   

Querieshavingonlyorder－byclausesareprocessedinthefollowingtwo  

StepS，andastylesheetisassociatedwitheachstep．  

1．Construct theoutput asexplained above．The di蝕renceis that the   

SOrtkeyvaluesareaddedtoelementstobesorted，  

2．Sortthetargetelemcnts，andremovetheaddedsortkeyvalues．   

Querieshavingrank－byclausesareprocessedinthreesteps．Thcy arc  

translatedintothreestylesheets，eaChwithatemplaterule．Here，WeShow  

howQuery2inSection5・3istranslated・Thenrststylesheetisshownbelow．  

Othertwostylesheetsareomitted．   

Thetemplateruleinthe＆rststylesheet generates anx2ql：Order elc－  

mentfbreachArticle element・Ithasrankandposattributes．Therank  

attributeglVeSthesimilarityoftheArticleelementcalculatedbythe壬brclgIl  
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functionsim＿COSine（）・Theposattributehastherelativepositionofthe  

Article element．IthastheArticle elementasitssub－element．Moreover，  

wegenerateanx2ql：SOrtelementwhichcontainsthex2ql：Orderelements・  

Itisusedinthesecondandthirdsteps．  

＜トーThe first template rule －－＞  
くⅩSl：temPlate match＝”／‖＞   

＜ⅩSl：for－eaCh select＝HDocument＝＞  

＜ⅩSl：Variable name＝‖Ⅹ”select＝”‖／＞  

＜Docunent＞  

＜Ⅹ2ql：SOrt＞  

＜ⅩSl：for－eaCh select＝l，ArticleIr＞  

＜ⅩSl：Va．riable naLme＝I■aI．select＝”‖／＞  

＜ⅩSl：Variable na皿e＝●rtmpl‖ select＝‖position（）■t／＞  

＜Ⅹ2ql：Order rank＝l一（sim－COSine（＄a））．．pos＝‖（＄tmpl）”＞  

＜ⅩSl：COPy－Of select＝■■＄a，．／＞  

＜／Ⅹ2ql：Order＞  

く／ⅩSl：for－eaCb＞  

＜／Ⅹ2ql：SOrt＞  

＜／Document＞   

＜／ⅩSl：for－eaCh＞  

＜／ⅩSl：temPlate＞   

Thesecondtemplateruleselectsthex2ql：Orderelements，andsortthem  

bytherankvalue・Then，WeOutPutthefirstNx2ql‥Orderelements・   

Thelasttemplaterulesortsthe remainlngNx2ql：Order elements by  

theposvalue，andremoveunnecessaryelements．  
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5．6 Advanced Features  

This section discusses advanced extension fbatures．These fbaturesinclude   

aggregationhlnCtionsand負1teringfunctions．  

5・6・1 AggregationFunctions  

Grouplngfacilitybygroup－byclauseandbuilt－inaggregationfunctionswill  

besupportedinXML－QLinfuture【18］・Thissubsectionintroducesuseト  

defined a99r印ationhnctions，Which calculateavalue丘om agivenset of  

Values・Their definitionisglVen bythefb1lowlngSyntaX，Whichislikethe  

SyntaXLbrgeneralfunctions・  

aggregation type－name a99re9ation－name（aryument－1isl）  
defined－by ‖tmIqFtheimplementation”  

TheJavabindinglSalsothesameaswithgeneralhlnCtions・   

They can be usedin construCt Clauses．Tb group tuples，Optional  

group－byclausescanbeused・Whenagroup－byclauseisspeci鮎d，tuPles  

aregroupedbytheargumentvalues，thenaggregationfunctionscomputea  

Valuefromallthetuplesofeachgroup・Intheabsenceofgroup－byclause，  
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aggregationfunctions are applied to allthe tuple，SO that the constmct  

Clausegenerates one result．Note that the variablesin agroup－byclause  

mustbeusedasargumentstotheSkolemfunctionintheoutermosttagin  

t．he construct clause．   

InaquerylnCludingaggregationhlnCtions，Grst，tuPlesareboundbased  

OnPatternSSPeCifiedinwhereclauses・Foreachtuple，aggregationfunctions  

arecalled．Thereturnvaluesinthesecallsareignored．Whenthereareno  

moretuples，theyarecalledagalnWithnu11argumcntvaluesandtheirreturn  

Valuesareusedastheaggregatedresults・  

Fbrinstance，aqueryCOuntingarticlesofeachyearisglVenaSfbllows：  

aggregation number count（elementitem）  
defined－by ‖http：／／fqdn／path／funCS．Coumter＃count一．  

Lnd，  

where  ＜Document＞ ＄Ⅹ く／＞in ●■articles．xml‖  

COnStr11Ct ＜Document＞   

where  ＜Article＞  

＜Date＞くYear＞ ＄y＜／＞＜／＞  

＜／＞ element＿aS ＄ain ＄Ⅹ   

group－by ＄y   

COnStruCt＜ⅣunberID＝YearID（＄y）Year＝＄y＞  

count（＄a）  

＜／＞  
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く／＞  

Thecountisimplementedasfb1lows：  

PaCkage funcs；   

Public class Counter  

（  

int number＝0；／／To keepintermediate result   
Public XNumber count（ⅩElementitem）   

（  

XNumber result ＝n1111；  
if（item！＝null）  
＋＋ number；  

else  

（  

result＝SystemModule・getXObjectFactory（）  
．createXⅣumber（number）；  

nunber＝ 0；／／initializeitself  
）  

return result；   

）  

）   

The above queryis translatedinto the fbllowingXSI∬templaterule・  

Thistemplateruleisgeneratedasfbllows・First，thevariablesingroup－by  

clausearebound，andthenaggregationfunctionsareinvoked・Therestof  

thequeryistranslatedin thesamewayasgrouplngqueries・Notethata  

extensionfunctioncount＿get（）isusedinternal1y．Thisextensionfunction  

Callstheaggregationfunctionwithnullargumentvalue＄・  
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＜ⅩSl：temPlate match＝‖／■●＞   

＜ⅩSl：for－eaCh select＝‖Docunent‖＞  

＜ⅩSl：Variable name＝‖Ⅹ‖ select＝”．‖／＞  

＜Document＞  

＜トーVa・riablesin the group－by cla・11Se－－＞  

＜ⅩSl：for－eaCh select＝1．Article［not（Year  

＝PreCeding－Sibling：：Article／Yea・r）］／Year■一＞  

＜ⅩSl：Variable name＝■Iy‖select＝‖node（）■．／＞  

＜ⅩSl：Variable name＝HYearID‖＞  

＜ⅩSl：Value－Of select＝●l＄y一．／＞  

く／ⅩSl：Variable＞  

＜トーintermediate calls －－＞  

くⅩSl：for－eaCh select＝■一＄Ⅹ／Article［Year＝＄y］一l＞  

＜ⅩSl：Variable name＝‖a‖ select＝‖．．■＞  

＜ⅩSl：Variable na皿e＝＝tmpl‖select＝Hcount（＄a）I（／＞  

く／ⅩSl：Variable＞  

＜／ⅩSl：for－eaCb＞  

＜！－－the result of the aggregate function－－＞  
＜ⅩSl：Variable name＝‖tmpl‖select＝‖count．get（）‖／＞  

＜トーthe rest of the query－－＞  

くⅣu皿ber＞  

＜ⅩSl：attribute name＝‖Yearll＞  

＜ⅩSl：Value－Of select＝‖＄y‖／＞  

＜／ⅩSl：attribute＞  

＜ⅩSl：COPy－Of select＝‖＄tmpl‖＞  

く／Ⅳu皿ber＞  

＜／ⅩSl：for－eaCh＞  

＜／Docunent＞   

＜／ⅩSl：for－eaCb＞  

＜／ⅩSl：temPlate＞  
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5．6．2 VAriableBindingFiltering  

Ⅹ2QLprovidesthevariablebinding負Iteringmechanismasanadvancedfea－  

ture・Thismechanismgetsthesequenceoftuples丘omthewhereclause，  

generatesanewsequenceoftuplesfromit）andpasses the resulttothe  

construct clause．This mechanism can be used by the filter－by clause   

insteadoftherank－byandorder－byclauses・  

Insequencegeneration，OnetyPeOffbreignhlnCtions，Calledjuteringjhnc－  

tions，areuSed．Theirde負nitionisgivenbythcfb1lowlngSyntaX‥  

filter   β鮎r－mαme（叩押m血－g由f）  

defined－by‖URIqFtheimplemeniation，．   

Eachfilteringfunctionisca11edwithaqueuetooutput61teredtuples，  

anlnPuttuple，andargumentvaluesspecifiedinitsde鮎1ition・Thefunction  

putstuplesintotheglVenqueuebasedonthearguments・Notethatgiven  

tuplesareimmutableinthisprocess．Theendofinputtuplesisindicat・edby   

anemptytuple．   

Forsimpleinstances，afi1teringhnctiongreaterselectingtupleswhen  

theglVenValueisgreaterthantheglVenbase，isde丘nedasfollows：  
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filter  greater＿than（number value，number base）  

defined－by‖http：／／fqdn／path／funcs・FilterFunc＃greaterThan一■  

Aqueryuslngthisfunctionisspecifiedasfb1lows．  

where  ＜Document＞ ＄Ⅹ ＜／＞in ＝articles．xmlf－  

COnStruCt ＜Document＞   
Where  ＜Article＞  

＜Date＞＜Year＞＄y＜／＞＜／＞  

＜／＞ element－aS ＄ain ＄Ⅹ   

filter－by greater＿than（＄y，2000）   

COnStruCt ＄a  

＜／＞  

ThisquerylSequlValenttothefbllowlngquery：  

Where  くDocument＞ ＄Ⅹ ＜／＞in．■articles．xml”  

COnStruCt ＜Docunent＞  
くArticle＞  

＜Date＞＜Year＞＄y＜／＞＜／＞  

＜／＞element＿aS ＄a，  

＄y＞2000  

COnStruCt  ＄a  

＜／＞  
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Theyareimplementedastheh1lowingcodeinJavabinding・  

PaCkage funcs；   

Public cla・SS FilterFunc  

（   

Public void greaterThan（TupleQueue queue，Tuple tuple，  

ⅩNunber value，‡Nunber base）   

（   

if（tuple＝＝nu11）  
queue．close（）；  

elseif（／＊valueis greater thanbase＊／）  
queue．push（tuple）；   

）  

）   

Querieswithfilter－byclausesareprocessedasfbllows．First，atem－  

Plateruleisgenerated．Inthistemplaterule，allthetuplesaregenerated，  

and output as x2ql：tuPle elements with x2ql：Variable elements repre－  

Sentingeachvariablebinding・Second，thequeryprocessorappliesfiltering  

functionstotheresultinterna11y，andgeneratesthefilteredXMLdocument．  

Thestructureisthesamewiththeoutputofthefirsttemplaterule．Finally，  

thesecondtemplaterulewhichprocessestherestofthequerylSapplied．  

108   



Forexample，theabovequeryisprocessedbyfollowingtemplaterules・  

＜！－－The first template rule－－＞  

＜ⅩSl：temPlate match＝‖／．I＞   

＜ⅩSl：for－eaCh select＝‖Document‖＞  

＜ⅩSl：Variable na皿e＝一■Ⅹ”select＝”．‖／＞  

＜Ⅹ2ql：tuple＞  

＜Ⅹ2ql：Variable name＝■■Ⅹ■■＞  

くCOPy－Of select＝tl＄Ⅹ一一／＞  

＜／Ⅹ2ql：Variable＞  

くⅩSl：for－eaCh select＝‖ArticleH＞  

くⅩSl：Variable name＝，ra．1select＝■■．‖／＞  

＜ⅩSl：for－eaCh select＝●■Date／Year‖＞  

＜ⅩSl：Variable name＝‖y‖ select＝‖・‖／＞  

＜Ⅹ2ql：tuple＞  

＜Ⅹ2ql：Variable name＝”a‖＞  

＜ⅩSl：COPy－Of select＝”＄a‖／＞  

く／Ⅹ2ql：Variable＞  

くⅩ2ql：Variable name＝”y一一＞  

＜ⅩSl：COPy－Of select＝‖＄y‖／＞  

＜／Ⅹ2ql：Variable＞  

く／Ⅹ2ql：tuple＞  

＜／ⅩSl：for－eaCh＞  

＜／ⅩSl：for－eaCh＞  

＜／Ⅹ2ql：tuple＞   

く／ⅩSl：for－eaC血＞  

＜／ⅩSl：temPlate＞  
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＜トーThe second templateru1e －－＞  
＜ⅩSl‥temPlate match＝‖／■■＞   

＜ⅩSl：for－eaCh select＝”Ⅹ2ql‥tuPle＝＞  

＜ⅩSl：Variable name＝Ilx‖  

select＝．．Variable［＠name＝Hx‖］／node（）”／＞  

＜Document＞  

＜ⅩSl‥for－eaCh select＝‖Ⅹ2ql‥tuPle‖＞  

＜ⅩSl：Variable name＝‖a．H  

select＝”variable［＠name＝”a一一］／node（）”／＞  

＜ⅩSl：Variable na皿e＝－■y‖  

select＝‖variable［＠name＝■■y．■］／node（）■I／＞  

Select＝．，＄a‖／＞   ＜ⅩSl：COpy－Of  

＜／ⅩSl：for－eaCh＞  

＜／Document＞   

く／ⅩSl：for－eaCb＞  

＜／ⅩSl‥temPlate＞  

Afi1teringfunctionsortingtuplesisanotherexample．Thisfunctionneeds  

toaccessa11thetuples．Insuchcases，theimplementationstoresthepassed  

tuplesinto a collection object at eachinvocation．Then，When an empty  

tupleispassed，itmovesa11sortedtuplesffomthecollectionintotheresult  

queue．Therefbre，therank－byandorder－byclausescanberegardedasa  

SPeCializedversionofthismechanism．  
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5．7 Discussion and FutureIssues  

SomeXMLquerylanguagesprovidepowerfu1，tag－baseddocumentstructure  

manlpulation・They are，however，generallyweakinprocesslngdocument  

COntentS，SuCh assimilarity－basedselection，ranking，Summarygeneration，  

andtopicextraction・RequlrementS払rprocesslngdocumentcontentsvary  

Withapplicationcontext，SOitisverydi抗culttoprovideacompletesetof  

COntentPrOCeSSlngfacilities．   

ThischapterproposedX2QL（eXtensibleXMLQueryLanguage），Which  

f6aturestheinclusionofuser－definedfbreignfunctionstoprocessdocument  

COntentSinthecontextofXML－QL－baseddocumentstructuremanipulation．  

Thischapteralsoexplainedtheextensionmechanisms．Italsocoveredimple－  

mentationoftheX2QLqueryprocessingsystemontopofXSI∬processors・  

WehavebeendeveloplngtheprototypesystemasacommandlineJavaap－  

Plication．   

FutureworkincludesrelaxationoftherestrictiononX2QLqueriesmen－  

tionedinSection5．5．Anotherimportantresearchissueisthedevelopment  

OfanX2QLqueryprocessingsystemwithoutneedforanXSI∬processor・  

Inheritanceofelementmethodsandotherobject－Orientedextensionsarealso   

interestingfutureresearchtopICS・  
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Chapter 6 

Conclusion  

Intheuseofstructureddocumentsandtheirdatabases，requirementadapt－  

abilityhasbecomeincreaslnglyimportant．Thisdissertationhasproposed  

（1）aschemetosupportWWWbrowsingbasedonuserprofilesdescribing  

userintereStS，and（2）anXMLquerylanguage，CalledX2Q・L，fbaturingthe  

inclusionofuser－defined fbrelgn functions．Theseproposed schemesenable  

userstogetneededinfbrmationwithinstruCtureddocumentsbasedonadap－  

tation to requirements．Thisis the main contribution ofthisdissertation・   

More detailed contributions are summarized below．  
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Scheme to support WWW browsing 

AnewschemetosupportWWWbrowsingwasdiscussedinChanter4・In  

thisscheme，theinterestsofindividualusersareexplicitlyrepresented asa  

userpronle，andtheuserispresentedwithaview－Pagegenerated丘omeach  

SpeCifiedWWWpagebasedontheuserprofi1e・Viewqpagesmakeiteasyfbr  

theusertoquicklyidentifytherelevantsubstructures・   

Forthispurpose，firstthelogicaltree，WhichrepresentstheloglCalstruCr  

ture ofthe WWW page，is derived．Substructuresirrelevant to the user  

profi1earethenpruned away．Finally，aView－pageisgenerated from the  

prunedloglCaltree・Theview－PageSgeneratedareensuredtobevalidHTML  

documents．Inthesesteps，SOmeHTMLcharacteristicsarealsoused，   

Thischapteralsohasshown howview－PageSCan be realizedinanon－  

intrusive wayin the current WWW browslng enVironment・Beyond that，  

theexperimentalevaluationfbrthisschemehasshowngoodresults・These  

resultsrevealthattheproposedWWWbrowsingschemeisfbasible・  

ExtensibleXML querylanguage  

Ⅹ2QL，WhichisanextensibleXMLquerylanguagebased onXML－QL，is  
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PrOPOSedinChapter5．Thisextensibilityismadepossiblebytheinclusion  

Ofuser－defined払relgnfunctionswritteninprogrammlnglanguages・This  

extensibilitymakesit possible tointegrate application－Oriented，high－1evel  

COntentprOCeSSlngfacilitiesintoquerylngdocuments・   

Generalfunctionsandelementmethods，Whicharebasicfbrelgnfunctions，  

aredefined．Speci6cally，elementmethodshavebroughtaboutsomeobject－  

Orientedf6atures．Additionally，aggregationfunctionsandvariablebinding  

filteringmechanism viafilteringfunctions as advanced features have also  

beenintroduced．TheirJavabindingshavebcendefined・   

ThischapteralsodiscussedaschemeforimplementinganX2QLquery  

processor on top ofan XSIJr processor．Thisincludes translation proce－  

duresofX2QLqueriesintoXSl∬templaterules・Implementationsoffbreign  

functionsareindependent丘omfeaturesdependingonindividualXSI∬pro－   

CeSSOrS．   

Theproposedschemesshowpromiseinrealizingrequirementadaptabil－  

ityinbrowslngandquerylngStruCtureddocuments・Mostimportantisthat  

userscanmanlpulatestructureddocumentsintheirownway・Ihopethatin  

f6aturerequlrementadaptability，a11userswi11beableto月．exiblyusestruc－   

tured documents．  
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