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Abstract

XML is rapidly becominga standard for data exchange on the Internet. WhileXML’s documentman-
agementrootshaveled manyto focuson queryingandprocessingof large documents,webelievemuch
XML datawill bein theform of streams.Onecanenvisionstreamsof XML dataflowingthroughoutthe
Internet: a streamof stock quotesor minute-by-minuteupdateson positionsof a fleetof vehicles- one
XML fragmentper vehiclereport. In this paper, we proposea new operation, Merge, which provides
thecapabilityto createaggregatesoverstreamsof dataandtheability to takeXML documentsfromdif-
ferent inputsandpiecethemtogetherto createa new XML document.TheMerge operation effectively
handleshighly-nested,semi-structureddataandwasdesignedto beusedin anenvironmentwhere there
are long-runningqueriesand stream-baseddata sources. We describea flexible mechanism,called a
Merge Template, which wehavedevelopedto specifyhowto merge twoXML documents.

1 Intr oduction

XML is fundamentallychangingthenatureof dataon the Internet. A prominentfeatureof this changeis the
appearanceof datastreams.Datano longerlivesin localfiles thatcanbereadandre-readat thediscretionof the
DBMS. In fact,someXML dataexistsonly in streamson theInternetwhich mustbeprocessedasthey arrive.
Examplesof thiskind of dataincludestockquotesandB2B andB2Cmessages.In thispaper, wepresentanew
operation,Merge,whichprovidesasteptowardseffectively processingXML datastreams.

TheMerge operationcombinestwo XML documentsinto a resultdocument.Oneapplicationof Merge is
accumulatingandaggregatingdatafrom an XML stream.Considera streamof stockquotesfrom the NYSE
expressedin XML; eachquotecontainsa ticker symbol and tradeprice. Merge can be usedto createand
maintainanXML documentcontainingtoday’s current,high, low andaveragepricesfor all stockstradedonthe
NYSE.This evolving documentis calledanAccumulatorandit canbequeriedlike any XML documentstored
in a DBMS. Figure1 shows a graphicalrepresentationof suchanAccumulator. Figure2 shows a stockquote
for IBM thathasjust arrivedon theNYSE stockticker (stream)andFigure3 shows theresultwhenthis quote
is Mergedinto theAccumulator. Notethe functionsthat theMergeoperationperforms.Thefirst time a ticker
symbol(i.e. IBM) appearsin thequotestream,Merge insertsa Stockelementfor IBM into theAccumulator.
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This new elementcontainsIBM’ s ticker symbolandelementsfor IBM’ s low, high, averageandcurrentstock
prices,the valuesof which areall set to the initial tradeprice. As additionaltradesoccuron IBM stock,the
updatesarrive assmallXML documentsandaremergedinto theexisting elementfor IBM: Thecurrentstock
priceis replacedwith thetradepriceandtheaggregatevalueslow, highandaverageareupdatedappropriately.
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Figure1: NYSE StockQuoteAccumulator
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Figure3: AccumulatorafterMergeof StockQuote

A new mechanism,calledaMergeTemplate,specifieswhatactionsshouldoccurwhencombiningtwo XML
documents.MergeTemplatesareveryflexible andprovide for operationsincludingcontentupdate,aggregation
andsub-treereplacement.A Merge Templatealso incorporatesa simple form of equality predicates,called
MatchTemplates,to allow auserto specifywhentwo elementsrepresentthesameentity.

In addition to aggregating streamingXML, Merge is useful for replication,cachemaintenance,and in-
crementalqueryprocessing.Merge is specificallydesignedto work on irregular andincompletedataandcan
functionwithoutaDTD. A singleMergeTemplatecanhandlearangeof inputstructures.Finally, amerge-based
accumulateoperatorhasbeenimplementedin Version1.0 of theNiagaraQueryEngine[8]. (SeetheNiagara
paperin thisvolumefor anoverview of thesystem.)

Therestof thispaperis organizedasfollows. Section2 describestheMergeoperationandMergeandMatch
Templates,Section3 discussesrelatedwork, andSection4 concludesanddiscussesfuturework.

2 The MergeOperation and MergeTemplates

Formally, theMerge operationmergestwo XML documentsinto a singleresultdocument.In this section,we
usea simpleexampleto explain the operationof Merge andto illustrate the structureandfunction of Merge
Templates. In short, a Merge Templatespecifiesthe structureof the merge result, predicatesto apply and
operationsto perform,andcanitself be representedin XML. For simplicity, we ignoreXML attributesin this
section;extendingMergeTemplatesto handleattributesis straightforward.

2.1 MergeTemplates

ConsideranXML documentthatconsistsof informationaboutclassesofferedin theComputerScienceDepart-
mentat theUniversityof Wisconsin.Figure4 showsagraphicalrepresentationof suchadocument.Eachboxin
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thefigurerepresentsanXML elementandthetagnamesandcontent(PCDATA) of theelementsarewritten as
TagName:Content.Figure5 shows a diagramof a smallXML documentrepresentingtheadditionof a student
to a class.TheMergeoperatorcanbeusedto mergetheAdd Record(Figure5) into theClassList (Figure4) to
producethedocumentshown in Figure6. TheMergeprocessis drivenby aMergeTemplate.

     Dept

Class
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Student

Class
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University

Name:CS

Figure4: ClassList
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Figure6: MergedDocument

Merge Templatesare a generalmechanismfor specifyinghow to merge two XML documentstogether.
Figure7 shows a logical representationof theMergeTemplatefor theClassList example;Figure8 shows the
MergeTemplatein XML. Conceptually, aMergeTemplateis atreeof ElementMergeTemplates.EachElement
Merge Template(EMT) specifieshow to producea (possiblyempty)setof elementsfor the resultdocument.
For example,theMergeTemplatefor theClassList examplecontainsa ClassEMT thatspecifieshow to create
theClasselementsin the resultfrom theClasselementsin the input documents.Thus,eachEMT is logically
associatedwith a setof elementsin theresultdocument.In Figure7, thenameof eachEMT is thenameof the
resultelement(s)to beproducedusingthatEMT. In general,this is nota requirement.

EachEMT consistsof threeparts:anoptionalMatchTemplate,a requiredContentCombineFunctionanda
possiblyemptysetof sub-EMTs.TheMatchTemplateis apredicatethatindicateswhentwo elementsshouldbe
deemedequivalent.TheContentCombineFunctionspecifieshow to createthecontentof theresultelement(s)
associatedwith anEMT. Thesetof sub-EMTsspecifieshow to producetheresultelements’children.Consider
the EMT for Classelements.The Match Template,representedby ”Match on Valueof Num,” indicatesthat
that two Classelementsmatchif they have thesamenumber. TheContentCombineFunction,representedas
”Empty,” indicatesthatClasselementsin theresultshouldnothaveany content.Finally, theClassEMT contains
a sub-EMTfor eachtypeof sub-element(Num,Professor, Student)thata Classmayhave. Thestructureof the
MergeTemplateparallelsthestructureof theresultdocumentof themerge.Noticehow the”tree” of grayEMTs
in Figure7 is similar to thestructureof theMergedDocumentin Figure6.
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Figure7: LogicalRepresentationof MergeTemplate

<?xml version=“1.0”?>
<!DOCTYPE DocMergeTemplate
                                    MergeTemplate.dtd>
<DocMergeTemplate MergeType=“outer”>
   <EltMergeTemplate, Name = “ University” >
    <Empty/>

       <EltMergeTemplate, Name = “ Dept” >
       <MatchTemplate>...</>
       <Empty/>

            <EltMergeTemplate, Name = “ Name” >
               <MustMatch/> </>

            <EltMergeTemplate, Name = “ Class” >
            <MatchTemplate>...</>
            <Empty/>

               <EltMergeTemplate, Name = “ Num” >
               <MustMatch/> </>

               <EltMergeTemplate, Name = “ Professor ” >
               <ShallowContent Function =  “replace”
                                      DominantSide =“right” /> </>

               <EltMergeTemplate, Name = “ Student” >
               <DeepReplace DominantSide=“right” /> </>
</> </> </>

Figure8: ClassList MergeTemplatein XML

A MergeTemplateincorporatesa form of equalitypredicates,calledMatchTemplates.Figure9 shows the
Match Templatefor the Classelement. In general,a Match Templatecontainsa list of paths. Eachpathcan
referenceanelementor sub-elementvalueor attribute value. Two elementsmatchif thevaluesreferencedby
all pathsareequal.Mergeallows matchingon valuesfoundthroughtraversalof IDREFs,but doesnot support
merging throughIDREFs.Wenext discusstheMergeoperation.

<MatchTemplate>
     <MatchNode>
          <Path> Num </>
          <Content ValueType = “String” />
     </>
</>

Figure9: MatchTemplate

2.2 MergeOperation

The Merge operationworks by traversingthe Merge Templateandthe input documents(ClassList andAdd
Recordin our example)in parallelandcombiningthe input documentson an element-by-elementbasis. For
eachEMT in theMergeTemplate,apossiblyemptysetof elementsis producedfor theresultdocument.
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Theprocessbeginsby usingtherootEMT in theMergeTemplateto producethecontentof therootelement
of theresultdocument,by combiningthecontentof therootelementsof theinputdocuments.Thesub-elements
of the result root elementare producedusing the sub-EMTsof the root EMT. For eachEMT encountered,
theMergeoperationlocatestwo setsof elements- onefrom eachinput document(theelementsin eachsetare
siblings).ThesesetsarejoinedbasedontheMatchTemplatein theEMT. Thejoin is aninner, outer, left-outeror
right-outerjoin asis specifiedby theMergeTypeof theMergeTemplateandproducesarelationcontainingpairs
of elements.We currentlyrequirethat this be a one-to-onerelation,with theexceptionof thenulls generated
by theouterjoins. For eachpair in therelation,anelementis producedfor theresultdocument.Thecontentof
the resultelementis producedby combiningthecontentof the two elementsin thepair basedon theContent
CombineFunctionin the EMT. The possiblecombinefunctionsinclude replacecontent,variousaggregates
andreplaceelement.Merge Templatessupporta limited versionof typing so mathematicalfunctionssuchas
aggregatescanbe calculatedproperly. The sub-elementsfor the resultelementareproducedby scanningthe
sub-EMTsof thecurrentEMT andprocessingthemasjust described.Very loosely, Mergeis a seriesof nested
joins - with potentiallyonejoin for each”type” of elementin the resultdocument.This proliferationof joins
mayseemexcessive; however, a join is executedonly whenanEMT producesasetof elementsfor theresult.

Merge is designedto handlea rangeof structuresin its inputs, so it canbe usedwith streamsof varied
structureandcontent.For example,we have discussedtheClassList MergeTemplate(Figure7) in thecontext
of addinga studentto a class,but it is not specificto thatfunction. A singleinstanceof a Mergeoperatorusing
the ClassList Merge Templatecould merge documentsrepresentingany of the following eventsinto a Class
List: theadditionof a studentto a class,a changeof professorfor a class,or theadditionof a new class.Note
thatfor eachtypeof inputdocument,differentactionsmustoccur. For aprofessorchange,theappropriateClass
elementmustbeupdatedandfor aclassaddition,anew Classelementmustbeinsertedinto theClassList. This
type of functionality is difficult to effect in a relationalsystem,wherethe type andorderof operationsmust
bedecidedin advance.Theflexibility of theMergeoperationis possiblein partbecausetheClassList Merge
Templatefully specifieshow to mergeall of theseupdatesinto theClassList documentandin partbecausethe
Mergeoperationdoesnot requiretheinputdatato exactlymatchthestructureof theMergeTemplate.

3 RelatedWork

The Niagara[8] and Lore [6] projectshave built databasesystemsdesignedfor queryingXML data. The
Tukwila [7] projecthasdevelopedanadaptive queryprocessingsystemandis currentlyfocusingon processing
XML streams.Our work provides a new operation,Merge, which is not currentlyavailable in any of these
systems.YAT usesXML for dataintegration[3]. Mergediffersfrom dataintegrationin thatwe focussolelyon
aggregatingdataover XML streamsanddo not addressissuessuchmediationandqueryreformulation.Some
XML processingsystems[3, 8] flattenthedataandthenprocessit usingrelational-styleoperators,constructing
theXML resultoncetheprocessingis complete.In contrast,Mergeworkson XML datain a tree-basedfashion
without flatteningit first. Flatteningmaynotbetractablewhenthedatais highly irregular.

TheAccumulatordescribedin theIntroduction,whichmaintainedcurrent,high, low andaveragepricesfor
asetof stocks,canbeseenasaview over theincomingstreamof stockquotedata.As data(stockquotes)arrive
on the streamthe ”view” (Accumulator)is updated.In this way, our work is similar to work on Materialized
View Updates.View updateshave beenstudiedextensively in the context of relationaldatabasesystems[4].
Researchhasbeendoneonview updatesfor semi-structureddata;however, muchof thatwork supposesthatthe
updatesareidentifiedby OIDs[1, 12]. Updatesto XML documentsmaybeXML documents,Updategrams[11],
or updateoperationsasproposedby Tatarninov etal. [10]. In any case,OIDs areunlikely to beavailable.

Bunemanet al. have proposedtwo operators:DeepUnion andDeepUpdate,which aresimilar in natureto
Merge [2]. DeepUnion andDeepUpdateareusedto combineandupdateedge-labeledtreesthataresimilar,
but not identicalto, XML trees.TheWHAX view updatesystemusesDeepUnionasamechanismfor updating
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views [5]. DeepUnionandDeepUpdateresembletheUnionandJoinoperatorsof theVersoAlgebra[9], which
usesadatamodelbasedonNestedRelations.Thesedatamodelsrequirethatelements(treenodesin themodels
usedby DeepUnion andWHAX andtuplesin theVersomodel)have keys. Neitherwork hasthe conceptof
anexplicit externalMergespecificationsuchasour MergeTemplate.In thesesystems,thefunctionsthatoccur
whentwo documentsareunionedor joined is solelydefinedby theoperatordefinitionandthestructureof the
document.Thedifferenceis similar to thatbetweennaturaljoin andtraditionalexplicit join.

4 Conclusionand Futur e Work

We have describeda new operation,Merge, that piecestogethertwo XML documentsin a flexible, general
fashion.Repeatedapplicationof Mergecanbeusedto accumulateandaggregatedatafrom anincomingstream.
Two key featuresof Mergearethat its actionsdependdirectly on thestructureof the input dataandthat it can
easilyandeffectively handleirregular andincompleteinput. Documentsarenot requiredto have DTDs to be
mergedandIDREFsaresupported.A Merge-basedAccumulatorhasbeenimplementedin theNiagaraInternet
QuerySystemandperformancetestsare in process.In addition,we are in the processof creatinga formal
specificationfor theMergeoperationbasedon latticetheory.

In thefuture,we expectto addsupportfor deletionandordereddocumentsto Merge. Currently, we do not
have a mechanismfor updatingtheAccumulatorto reflect,for example,thata studenthasdroppeda class.In
addition,theconceptof orderneedsto beintegratedinto theMergedefinitionsothatMergecansupportXML
documentsthatconvey semanticmeaningby theorderof theirelements.
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