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Abstract

XML is rapidly becominga standad for data exchange on the Internet. While XML's documenman-
agementrootshaveled manyto focuson queryingand processingf large documentsye believe mud
XML datawill bein theform of streams.Onecan ervision streamsof XML dataflowingthroughoutthe
Internet: a streamof stok quotesor minute-by-minute@ipdateson positionsof a fleetof vehicles- one
XML fragmentper vehiclereport. In this paper we proposea new opeition, Merge, which provides
the capabilityto createaggregatesover streamsof dataandtheability to take XML documentéromdif-
ferentinputsand piecethemtogetherto createa new XML document.The Merge opeiation effectively
handleshighly-nestedsemi-structued dataandwasdesignedo beusedin an ervironmentwhele there
are long-runningqueriesand stream-basediata sourcces. We describea flexible metanism,called a
Merge Template which we havedevelopedio specifyhowto meige two XML documents.

1 Intr oduction

XML is fundamentallychangingthe natureof dataon the Internet. A prominentfeatureof this changeis the
appearancef datastreamsDatanolongerlivesin localfilesthatcanbereadandre-readat the discretionof the
DBMS. In fact,someXML dataexistsonly in stream®n the Internetwhich mustbe processe@sthey arrive.
Examplesof thiskind of dataincludestockquotesandB2B andB2C messagedn this paperwe presentanev
operationMerge, which providesa steptowardseffectively processingKML datastreams.

The Merge operationcombineswo XML documentsnto a resultdocument.One applicationof Merge is
accumulatingand aggrgatingdatafrom an XML stream. Considera streamof stock quotesfrom the NYSE
expressedn XML; eachquote containsa ticker symbol and trade price. Merge can be usedto createand
maintainan XML documentontainingtoday’s current,high, low andaveragepricesfor all stockstradedonthe
NYSE. This evolving documents calledan Accumulatorandit canbe queriedlike any XML documenstored
in a DBMS. Figure 1 shows a graphicalrepresentatiof suchan Accumulator Figure 2 shavs a stockquote
for IBM thathasjust arrived on the NY SE stockticker (stream)andFigure 3 shavs the resultwhenthis quote
is Mergedinto the Accumulator Note the functionsthatthe Merge operationperforms. Thefirst time a ticker
symbol(i.e. IBM) appearsn the quotestream Merge insertsa Stockelementfor IBM into the Accumulator
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This new elementcontainsIBM’ s ticker symboland elementgor IBM’ s low, high, averageand currentstock
prices,the valuesof which areall setto theinitial tradeprice. As additionaltradesoccuron IBM stock,the
updatesarrive assmall XML documentsandare mergedinto the existing elementfor IBM: The currentstock
priceis replacedwith thetradepriceandthe aggrgatevalueslow, high andaverageareupdatedappropriately

|NYSE Stock Performance |

| Stk | | Stock |

|sym:1BM | | |curr:110 /8| [sym:MMM| | [curr:117 | Stock
|Low:109 18] [High:110 1/8| [Low:115 58 | [High:119 | |symiBM | [Trade:110 38
Figurel: NYSE StockQuoteAccumulator Figure2: StockQuotefor IBM

[NY SE Stock Performance |

[ Sock | [ Stock_|

|sym:iBM | | [Curr:110 38| [Sym:MMM]| | |Curr:117 |

|Low:109 ¥8 | [High:110 3/8| [Low:115 58 |High:119 |

Figure3: Accumulatorafter Merge of StockQuote

A new mechanismgalledaMerge Template specifiesvhatactionsshouldoccurwhencombiningtwo XML
documentsMerge Templatesarevery flexible andprovide for operationsncluding contentupdate aggreation
and sub-treereplacement.A Merge Templatealsoincorporatesa simple form of equality predicatescalled
Match Templatesto allow a userto specifywhentwo elementgepresenthe sameentity.

In additionto aggreyating streamingXML, Merge is useful for replication, cachemaintenanceand in-
crementalquery processing.Merge is specificallydesignedo work on irregular andincompletedataand can
functionwithoutaDTD. A singleMerge Templatecanhandlearangeof inputstructuresFinally, ameige-based
accumulateoperatorhasbeenimplementedn Versionl1.0 of the NiagaraQueryEngine[8]. (Seethe Niagara
paperin this volumefor anoverviewn of the system.)

Therestof this papetis organizedasfollows. Section2 describeshe Merge operatiorandMerge andMatch
TemplatesSection3 discusseselatedwork, andSection4 concludesanddiscussesuturework.

2 The MergeOperation and Merge Templates

Formally, the Merge operationmeigestwo XML documentsnto a singleresultdocument.In this section,we
usea simple exampleto explain the operationof Merge andto illustrate the structureand function of Merge
Templates. In short, a Merge Templatespecifiesthe structureof the memge result, predicateso apply and
operationgo perform,andcanitself be representedth XML. For simplicity, we ignore XML attributesin this
section;extendingMerge Templatego handleattributesis straightforvard.

2.1 MergeTemplates

Consideran XML documenthatconsistof informationaboutclasse®fferedin the ComputerScienceDepart-
mentatthe University of Wisconsin.Figure4 shavs agraphicalrepresentationf suchadocumentEachboxin
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thefigurerepresentan XML elementandthetagnamesandcontent(PCDATA) of the elementsarewritten as
TagName:Contentrigure5 shavs a diagramof a small XML documentepresentinghe additionof a student
to aclass.The Merge operatorcanbe usedto megethe Add Record(Figureb) into the ClassList (Figure4) to

producethedocumenshawvn in Figure6. The Merge processs drivenby a Merge Template.

Dept
[Namecs |  [Class]
INum:514 | |Professor:Smith | [Student | [Num:521 | [Num:514 | [Stucent |
[Name:Joe | |ID:154] [Name:Sue | |ID:133]
Figure4: ClassList Figure5: Add Record

NameCS | Class |
|

INum:514 | Professor:Smith |[Student | [Student | [Num:521 |

|Name:Joe | |Name:Sue|

Figure6: MergedDocument

Merge Templatesare a generalmechanisnfor specifyinghow to melge two XML documentdogether
Figure7 shavs a logical representationf the Merge Templatefor the ClassList example;Figure 8 shavs the
Merge Templatein XML. Conceptuallya Merge Templatds atreeof ElementMerge TemplatesEachElement
Merge Template(EMT) specifieshow to producea (possiblyempty)setof elementdor the resultdocument.
For example,the Merge Templatefor the ClassList examplecontainsa ClassEMT thatspecifieshow to create
the Classelementsn the resultfrom the Classelementsn theinput documents.Thus,eachEMT is logically
associateavith a setof elementsn theresultdocumentIn Figure7, thenameof eachEMT is the nameof the
resultelement(sjo beproducedusingthatEMT. In generalthisis notarequirement.

EachEMT consistof threeparts:anoptionalMatch Template a requiredContentCombineFunctionanda
possiblyemptysetof sub-EMTs.TheMatchTemplates apredicatehatindicatesvhentwo elementshouldbe
deemecdequialent. The ContentCombineFunctionspecifieshow to createthe contentof the resultelement(s)
associateavith anEMT. Thesetof sub-EMTsspecifieshow to producetheresultelementschildren. Consider
the EMT for Classelements.The Match Template representedby "Match on Value of Num;" indicatesthat
thattwo Classelementanatchif they have the samenumber The ContentCombineFunction,represente@ds
"Empty,” indicateghatClasselementsn theresultshouldnothave ary content.Finally, theClassEMT contains
asub-EMTfor eachtype of sub-elemenfNum, ProfessarStudentthata Classmayhave. The structureof the
Merge Templateparallelsthe structureof theresultdocumenbf themerge. Noticehow the”tree” of grayEMTs
in Figure7 is similar to the structureof the MergedDocumeniin Figure6.
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<?ml verson="1.0"?>
<IDOCTY PE DocMergeTemplate
MergeTemplate.dtd>
<DocMergeTemplate MergeType=" outer” >
<EltMergeTemplate, Name = “ University” >
<Empty/>

|MergeTempIate (Insert on No Match) |

Match on Value
of Name

<EltM er geTemplate, Name = “ Dept” >
<MatchTemplate>...</>

<Empty/>
<EItM er geTemplate, Name = “Name' >
[Name | [Class| <MustMatch/> </>
<EltM er geTemplate, Name = “ Class >

<MatchTemplate>...</>

Match on Value
of Num <Empty/>
<EltMergeTemplate, Name = “ Num” >
<MustMatch/> </>

|N“"} | |Profes|sor | |Stud|ent | <EltMergeTemplate, Name = “ Professor” >

MustMatch ||Replace Match on Value <ShallowContent Function = “replace’
Content of Id DominantSide =“right” /> </>
(Use value ) )
from Replace Element <EltMergeTemplate, Name = “ Student” >
AddRecord) (Use dement from <DeepReplace DominantSide="right” /> </>

Add Record) </></></>
Figure7: Logical Representationf Merge Template Figure8: ClassList Merge Templatein XML

A Merge Templateincorporates form of equalitypredicatescalledMatch TemplatesFigure9 shawvs the
Match Templatefor the Classelement. In general,a Match Templatecontainsa list of paths. Eachpathcan
referencean elementor sub-elementalueor attribute value. Two elementanatchif the valuesreferencedy
all pathsareequal. Merge allows matchingon valuesfoundthroughtraversalof IDREFs,but doesnot support
meging throughIDREFs. We next discussghe Merge operation.

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

Figure9: MatchTemplate

2.2 MergeOperation

The Merge operationworks by traversingthe Merge Templateandthe input documentqClassList and Add
Recordin our example)in paralleland combiningthe input documentn an element-by-elementasis. For
eachEMT in the Merge Template a possiblyemptysetof elementss producedor theresultdocument.
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Theprocesdgyinsby usingtherootEMT in the Merge Templateto producethe contentof therootelement
of theresultdocumentpy combiningthe contentof theroot elementf theinputdocumentsThesub-elements
of the resultroot elementare producedusing the sub-EMTsof the root EMT. For eachEMT encountered,
the Merge operationlocatestwo setsof elements onefrom eachinput documenithe elementsn eachsetare
siblings). ThesesetsarejoinedbasedntheMatchTemplatan theEMT. Thejoin is aninner, outer left-outeror
right-outerjoin asis specifiedby theMerge Typeof the Merge Templateandproducesarelationcontainingpairs
of elements.We currentlyrequirethatthis be a one-to-onerelation, with the exceptionof the nulls generated
by theouterjoins. For eachpairin therelation,an elements producedor the resultdocument.The contentof
theresultelementis producedby combiningthe contentof the two elementsn the pair basedon the Content
CombineFunctionin the EMT. The possiblecombinefunctionsinclude replacecontent,variousaggregates
andreplaceelement. Merge Templatessupporta limited versionof typing so mathematicafunctionssuchas
aggr@atescanbe calculatedproperly The sub-elements$or the resultelementare producedby scanningthe
sub-EMTsof the currentEMT andprocessinghemasjustdescribedVery loosely Mergeis a seriesof nested
joins - with potentiallyonejoin for each”type” of elementin the resultdocument.This proliferationof joins
may seemexcessie; hovever, ajoin is executedonly whenanEMT producesa setof elementdor theresult.

Merge is designedo handlea rangeof structuresin its inputs, so it canbe usedwith streamsof varied
structureandcontent.For example,we have discussedhe ClassList Merge Template(Figure7) in the context
of addinga studento a class,but it is not specificto thatfunction. A singleinstanceof a Merge operatorusing
the ClassList Merge Templatecould meige documentgepresentingary of the following eventsinto a Class
List: theadditionof a studentto a class,a changeof professoifor a class,or the additionof a new class.Note
thatfor eachtypeof inputdocumentdifferentactionsmustoccur For aprofessoichangetheappropriateClass
elemenimustbe updatecandfor aclassaddition,anew Classelemenimustbeinsertednto the ClassList. This
type of functionality is difficult to effect in a relationalsystem,wherethe type and order of operationanust
be decidedin advance. Theflexibility of the Merge operationis possiblein partbecausehe ClassList Merge
Templatefully specifieshow to memge all of theseupdatesnto the ClassList documentndin partbecausehe
Merge operationdoesnot requiretheinput datato exactly matchthe structureof the Merge Template.

3 RelatedWork

The Niagara[8] and Lore [6] projectshave built databasesystemsdesignedfor querying XML data. The
Tukwila [7] projecthasdevelopedanadaptve queryprocessingystemandis currentlyfocusingon processing
XML streams. Our work providesa nev operation,Merge, which is not currently availablein ary of these
systemsYAT usesXML for dataintegration[3]. Merge differsfrom dataintegrationin thatwe focussolelyon
aggr@atingdataover XML streamsanddo not addressssuessuchmediationandqueryreformulation. Some
XML processingystemg3, 8] flattenthe dataandthenprocesst usingrelational-styleoperatorsconstructing
the XML resultoncethe processings complete.ln contrastMergeworkson XML datain atree-basedashion
without flatteningit first. Flatteningmay not be tractablevhenthe datais highly irregular

The Accumulatordescribedn the Introduction,which maintaineccurrent,high, low andaveragepricesfor
asetof stocks,canbeseenasaview overtheincomingstreamof 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 beenstudiedextensiely in the contet of relationaldatabaseystemd4].
Researclnasbeendoneonview updatesor semi-structuredata;however, muchof thatwork suppose¢hatthe
updatesareidentifiedby OIDs[1, 12]. Updatedo XML documentsnaybe XML documentsUpdatgramsg[11],
or updateoperationsasproposedy Tatarnine etal. [10]. In any case OlIDs areunlikely to be available.

Bunemaretal. have proposedwo operatorsDeepUnion andDeepUpdate which aresimilar in natureto
Merge [2]. DeepUnion andDeepUpdateareusedto combineandupdateedge-labeledreesthatare similar,
but notidenticalto, XML trees.The WHAX view updatesystemusesDeepUnion asamechanisnfor updating



views[5]. DeepUnionandDeepUpdateresemblagheUnion andJoinoperatorof theVersoAlgebra[9], which
usesadatamodelbasedn NestedRelations.Thesedatamodelsrequirethatelementgtreenodesn themodels
usedby DeepUnion and WHAX andtuplesin the Versomodel) have keys. Neitherwork hasthe conceptof
anexplicit externalMerge specificatiorsuchasour Merge Template.In thesesystemsthe functionsthatoccur
whentwo documentsareunionedor joinedis solely definedby the operatordefinition andthe structureof the
documentThedifferenceis similar to thatbetweematuraljoin andtraditionalexplicit join.

4 Conclusionand Futur e Work

We have describeda new operation,Merge, that piecestogethertwo XML documentsn a flexible, general
fashion.Repeate@pplicationof Merge canbe usedto accumulatendaggre@atedatafrom anincomingstream.
Two key featuresof Merge arethatits actionsdependdirectly on the structureof the input dataandthatit can
easilyandeffectively handleirregular andincompleteinput. Documentsare not requiredto have DTDs to be
meigedandIDREFsaresupportedA Merge-based\ccumulatorhasbeenimplementedn the Niagaralnternet
Query Systemand performancdestsarein process.In addition, we arein the processof creatinga formal
specificatiorfor the Merge operationbasecn latticetheory

In the future, we expectto addsupportfor deletionandordereddocumentgo Merge. Currently we do not
have a mechanisnfor updatingthe Accumulatorto reflect,for example,thata studenthasdroppeda class.In
addition,the conceptof orderneeddo beintegratedinto the Merge definition so thatMerge cansupportXmML
documentghatconvey semantianeaningby the orderof theirelements.
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