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Abstract. In this paperwe analyzea geospatiahpplicationfor visualizingU.S.elec-
tion resultsin orderto show the problemsthat needto be solved in the mapping
betweendifferent XML representationandtheir conceptuaimodels.We proposea
frameawork thatprovidesanumberof coreclasseshatallow applicationgo treatXML
documentssgraphsandto evaluateXPathexpressionggainssuchdocumengraphs.
We alsoproposea mechanisnthatallows informationto be exchangedetweerdoc-
umenttypes.Our goalis to ultimately attainan overall framework for interoperation
wheremaintenanceroblemsare minimized. To achieve this, we anticipatethe need
for introducingmetadatan the semantidayerthatwill guidethe translationprocess
betweerdocumentypes.

Keywords: Geospatiabpplicationsuserinterfacebackend,objectinteroperabil-
ity, technologiedor interoperability

1 Introduction

In statevide geospatiabpplicationshundredf systemaeedto be integrated.In theseap-
plications,challengedsn achiesing interoperabilityare at the semanticdevel (e.g., different
classificationschemespand at the datastructurelevel (e.g.,different XML DTDs). Current
approachethatdealwith this problemrequiretheinterventionof a humanexpertto perform
the mappingbetweenXML representationsr to map betweenthe conceptualmodelsfor
thoserepresentation#\Iso, changesn therepresentationwill typically entailspecificcode
changedy a humanexpert. A recentlyproposedayeredmodel[11] partitionsthis problem
by consideringherequirementsf differentlayers:syntax,object,semanticandapplication.
This paperdiscussesur approacho interoperabilityin the objectlayerusing XML [2],
developedasa part of a framework for geospatiadatavisualizationapplications Applica-
tions using our frameavork shouldbe ableto seamlesslyull datafrom multiple XML data
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Figurel: Userinterfacefor the electionscenario

sourcesThus,we focuson thebaclendportionsthatallow for queryingandintegratingdata
from multiple XML sources.

In developingour framenork, we have focusedon a numberof applicationscenariosin
this paper we examineour electionresultsscenarioln this scenariowe createan applica-
tion thatwill visualizeresultsfrom the 2000U.S. PresidentiaElection,superimposingote
totals and campaigndonationsover a given region on a map. Userswill be ableto search
for a geographiareain the United Stateschoosewhich datato display(e.g.,demographic
information,votescastper candidatecampaigndonationsetc.),andthenview thatdataon
amapof theregion. Datacanbe displayedat multiple granularitiesdependingon whatthe
userwantsto see(e.g.,theusercandisplaya mapof Massachusettwith countyboundaries
showing electionresultsfor eachcountyandthenzoomin on a map of WorcesterCounty
showing electionresultsandcampaigndonationgor eachmunicipality). A screershotfrom
this scenarias shovn in Figurel.

XML waschoserasour datarepresentatiotanguagebecaust is quickly becominghe
new standardor informationinterchangeThe main appealof XML is thatit allows users



to definetheir own documentypes,andthenstoreandexchangedocumentonformingto

thatdocumentype.A documentypedeclarations usedto accomplistthis. Documentype

declarationssene to identify the root elementof a documentput canalsocontaina docu-
menttype definition (DTD) [1]. This providesusersa way of declaringthe markup,syntax,
andstructureof a givendocumentype. This alsoprovidesthe parsera way of determining
whetheradocuments valid (i.e.,conformsto aDTD), ratherthanjustwell formed(i.e.,uses
correctXML syntax).

Allowing everyoneto createtheir own documentypesmakesdataexchangeeasieybut it
alsomakesdatainteroperabilitymoredifficult. Differentorganizationcouldmodelthesame
informationwith differentdocumentypes[1]. It is trivial to load andview documentawith
differentdocumentypes,but integratingthe databetweerthemis potentiallyquite difficult.

In this paper we concentraten providing a general-purposapplicationframewnork that
allows datato be interchangedetweernvariousXML documentypes.We utilize XPath to
conciselydescribea paththroughthe documengraphandto selectanumberof nodeswvhose
valuescan be aggreated.Finally, we introducethe conceptof a geospatialauthority. Au-
thoritative geospatiainformationaboutthe region being coveredby a given applicationis
collectedin an XML documentThis documentsenesasthe sourcefor geospatialelation-
shipsat the core of the application.For instance,in our electionscenariowe maintaina
geospatiahuthoritycontainingthe namesof all of the statesthe countiescontainedn those
statesandthe municipalitiescontainedn thosecounties.This providesuswith a meansof
guery refinementby providing contet for a given geospatialquery (e.g.,a searchfor the
string “Worcester"would yield matchesn New York, Vermont,MassachusettdVisconsin,
Missouri,andPennsylania—theauthorityallows usto asktheuserfor clarificationin which
“Worcester’is desired).This alsoprovidesuswith context anda startingpointwhenlooking
up datain otherdocumentsasseenin the examplesgivenbelow.

Ourframenorkisimplementedn Javal.3andusesApaches Xalan-Jaa2 API for XML,
XPath,andXSLT processing.

The paperis organizedasfollows: In Section2, we examinetreatingan XML document
asagraph,usingthe DocumeniObjectModel (DOM) andXPathasa meanof traversingthe
graph.In Section3, we presenta numberof classeghatform the coreof the baclkendof our
applicationframenork. In Sectiord, we introduceour lookupmechanisnthatallows usergo
interchangelatafrom onedocumentypeto anotherFinally, in Section5, we examineissues
thatremainopenor thatneedto beaddressetb completeour framework.

2 XML AsaGraph

XML is actually a collection of W3C recommendationthat definethe syntaxand seman-
tics of XML andits relatedtechnologieq1]. The core XML recommendatiotis the XML
InformationSet(or Infoset)[5], which modelsthe coreabstraction®f XML asa setof in-
formationitems|[1]. Informationitemsrepresenthe piecesof an XML documentwhatis
requiredof them,and how they behae. The items modeledin the Infosetare reflectedin
the DocumentObject Model (DOM) [9]. The DOM allows programmerdo accessXML
documentauniformly, regardlesf theunderlyingimplementation.

Whenan XML documents loadedusinga DOM compliantparsera DOM treeis re-
turned.The DOM providesinterfacesto the following informationitems:documentsgdocu-
mentfragmentsdocumentypes,entities,entity referenceselementsattributes,processing



instructionscommentstext, CDATA sectionsandnotations\While thisis useful,for certain
purposest would bemoreusefulto dealwith XML documentsisagraphof elements. Each
elementwould have atype correspondingo its attributes.It shouldbe possibleto retrieve an
elements children,parentgsiblings,etc.

Also worthnotingis the XPath[4] enginein the Xalan-Jaa API. XPathprovidesasimple
way of expressinga paththrougha documenttreeto selecta set of nodes.When a path
expressions evaluatedthe XPath facilities selecta setof nodesrelative to a context node.
Any informationitem representedh the DOM (andconsequenthary informationitem in
arny documentcanbe selectedby an XPathexpressionlUsing XPathexpressiongo traverse
an XML documentis much more conciseand easierto understandhan using the DOM.
Also, afteranalyzingaDTD, it is possibleto generateXPathexpressiongor the body of the
accessomethodsecessaryo performthe graphoperationsiescribedabove.

3 Framework Core Classes

Our framework providesa numberof coreclassesshavn below in Figure2, thatallow ap-
plicationsto treat XML documentsasgraphs;to performXSL transformation®n an XML
documentto evaluateXPathexpressionggainsia documentandto performinter-document
lookups.

Thebaseclassthatwe usein theframevork is the XMLObj ect class.In our Javaimple-
mentationthe XMLCbj ect classcontainsareferenceo a nodein the DOM tree.Through
this nodereferenceijt is possibleto retrieve ary datacontainedn the node,aswell asary
nodedinkedto thatnodein the DOM tree.This classalsoprovidesaninterfaceto the XPath
facilitiesin theXalan-Jaa API. Thenodereferencedby anXM_QObj ect objectis usedasthe
context nodewhenevaluatingXPath expressionsWhenan XPath expressions evaluated a
setof DOM nodesmatchingthatexpressiorareselectecandplacedin a DOM NodelLi st .
The NodelLi st interfaceis wrappedby the XPat hResul t class,which allows usersto
castthei’ nodein thelisttoaBool ean, Doubl e, | nt eger ,Node, or St ri ng. Coupled
with prior knowledgeof attribute types(determinedoy a domainexpert, or in the future by
analyzingan XML Schemdor a givendocumentype), this allows typedaccesdo datain
thedocument.

The XPat hResul t classalso providesaggreate operationsfor the setof nodesthat
matcha given XPath expression.Oncea setof nodesis selectedjt is often necessaryo
traversethe set,accumulatingdata.Ratherthanhave the applicationdesignemrite codeto
performtheseaggreateoperationsye provide suchcodein our framework. The aggreate
operationghatareprovidedarelistedin Figure3.

TherearethreesubclassesftheXML(hj ect classXM.Dat a, XM_.Sour ce, andLook-
upResul t . The XM_Dat a classrepresentglementsn the DOM treeandis the basisfor
treatingadocumentisahomogeneougraph.lt encapsulatesary of theDOM methodghat
relateonly to elementgi.e., retrieving attribute namesretrieving attribute valuesby attribute
name retrieving children,ancestorsandsiblings).It alsotranslateshe nameandnamespace

Documentsvhoseelementscontainreferencedo otherelementge.g.,IDREFs) canbe consideredo be
a graph,ratherthanatree.In the DOM, referencesrenot consideredo be edgesin the documentree,thus
maintainingthe tree structure.However, in certaincircumstancesi may be necessaryo treatreferencesas
edgesandthustreatthe documentasa graph.In ary casean XML documents primarily tree-structuredso
we canusetermslik e sibling, parent,ancestarandchild.



XMLObject

#node : org.w3c.dom.Node

+XMLObject(node : org.w3c.dom.Node)
+evalXPath(xpathExpr : String) : XPathResult
+getNode( ) : org.w3c.dom.Node

XMLSource

#cachedDocuments : Hashtable

#XMLSource(doc : org.w3c.dom.Document)
+applyXSLTransformation(xsltFilename : String) : XMLSource
+getRootNode( ) : XMLData

+newlnstance(filename : String) : XMLSource
+serialize(output : java.io.PrintWriter)

XMLData

+XMLData(element : org.w3c.dom.Node)
+getAttrNames( ) : Enumeration<String>
+getAttrByName(name : String) : String
+getChildren( ) : Enumeration<XMLData>
+getParent( ) : XMLData

+getType() : String

+getValue() : String

+toString( ) : String

LookupResult

#lookup : Lookup
#srcNode : org.w3c.dom.Node

#LookupResult(result : org.w3c.dom.DocumentFragment)
+newlnstance(result : org.w3c.dom.DocumentFragment,
lookup : Lookup,
srcNode : org.w3c.dom.Node) : LookupResult
+invokeOperation(opName : String, args : Object[]) : Object
+getLookup( ) : Lookup
#setLookup(lookup : Lookup)
+getSourceNode( ) : org.w3c.dom.Node

Figure2: UML classdiagramof coreframework classes



XPathResult

#result : org.w3c.dom.NodeList

+XPathResult(result : org.w3c.dom.NodeList)
+itemAsBoolean(i : int) : Boolean
+itemAsDouble(i : int) : Double
+itemAsinteger(i : int) : Integer

+itemAsNode(i : int) : org.w3c.dom.Node
+itemAsString(i : int) : String

+getLength() : int

+aggregateAnd( ) : Boolean

+aggregateOr( ) : Boolean
+aggregateDoubleSum( ) : Double
+aggregateDoubleProduct( ) : Double
+aggregateDoubleMin( ) : Double
+aggregateDoubleMax( ) : Double
+aggregateDoubleMean( ) : Double
+aggregatelntegerSum( ) : Integer
+aggregatelntegerProduct( ) : Integer
+aggregatelntegerMin( ) : Integer
+aggregatelntegerMax( ) : Integer
+aggregatelntegerMean( ) : Integer
+aggregateConcatenate( ) : String
+aggregateStringList( ) : Enumeration<String>
+aggregateStringSet( ) : Enumeration<String>
+aggregateNodeList( ) : org.w3c.dom.NodeList

Figure3: UML classdiagramfor the XPat hResul t class

of anelemeninto thetypeof thegraphnode XM_Dat a objectsareinstantiatedy the XML -
Sour ce classXM_Sour ce objectsrepresenKML documentandallow usersto loadand
parsedocumentsto serializedocumentut to a stream,andto retrieve the root nodeof a
documentasan XM_Dat a object. The XM_Sour ce classalsoprovidesaccesgo the XSLT
[3] facilities (discussedbelow) providedin the Xalan-Jaa API. TheLookupResul t class
encapsulatetheresultingdatafrom aninter-documentookup (discussedelow).

3.1 Exampleusingthe Framevork Core Classes

In ourelectionscenariowe startwith anXML documenthatwe call thegeospatiakuthority,
which containsgeographianformationaboutthe areabeing coveredby the application(in
this casethe United States) For simplicity, we consideranauthoritydocumenthatcontains
stateelementswhich in turn containcounty elementswhich in turn containmunicipality
elementsThe DTD for the geospatiahuthorityis shavn below:

<! ELEMENT state (county+) >

<!l ELEMENT county (municipality+)>

<I ELEMENT nunici pality EMPTY>

<I ATTLI ST state nanme CDATA #REQUI RED>
<I ATTLI ST county name CDATA #REQUI RED>

<I' ATTLI ST nuni ci pal ity name CDATA #REQUI RED>

This would suggesthatsubclassesf XM_Dat a areneededor statescountiesandmu-
nicipalities.Eachof theseclassesvould have anaccessomethodthatwould allow the user



to retrieve the name aswell astheregion(s)containedoy thatregion (e.g.,retrieve all coun-
tiesfor agivenstate or retrieve the municipality named‘Worcester*from Worcestercounty
in MassachusettsYhereare alsodocumentdor eachstatecontainingelectionresults.Po-
tentially, eachstatecanhave a differentDTD, andconsequentlya differentstructurefor its
resultsdocumentFor simplicity, we will examinethe DTDs for electionresultsfrom only
two statesMassachuset@ndMaine:

MA _results.dtd
<! ELEMENT state (county+) >
<! ELEMENT county (rmunici pality+)>

<! ELEMENT nuni ci pality (candi date+)>
<! ELEMENT candi dat e EMPTY>

<I ATTLI ST state nanme CDATA #REQUI RED>
<I ATTLI ST county name CDATA #REQUI RED>
<I' ATTLI ST muni ci pal ity name CDATA #REQUI RED>
<! ATTLI ST candi dat e name CDATA #REQUI RED
vot es CDATA #REQUI RED>

ME_results.dtd

<! ELEMENT state (county+) >

<! ELEMENT county (rmunicipality+)>

<! ELEMENT nmuni ci pality (ward+)>

<! ELEMENT ward (precinct+)>

<I ELEMENT pr eci nct (candi dat e+) >

<!l ELEMENT candi dat e EMPTY>

<I ATTLI ST state nane CDATA #REQUI RED>
<I ATTLI ST county nane CDATA #REQUI RED>
<I' ATTLI ST nunici pality name CDATA #REQUI RED>
<! ATTLI ST ward id CDATA #REQUI RED>
<! ATTLI ST preci nct id CDATA #REQUI RED>

<! ATTLI ST candi dat e name CDATA #REQUI RED
vot es CDATA #REQUI RED>

This representshe generalstructureof the electionresultdataaspresentedat the Mas-
sachusettandMainestatewebsitesln orderto betterunderstandheseDTDs, Figure4 shavs
the E-R diagramsof thesedocumentypes.

Notethatin the diagram,the cardinality of all relationshipss one-to-maw. This is due
to thefactthat,in theDTD, all subelementbavethe“+” qualifier meaninghatoneor more
instance®f thatsubelementanappearWhile thisis fine for the state-to-countyelationship
andthe county-to-municipalityrelationship,it doesnot tell the whole story for candidates.
The municipality- or precinct-to-candidateelationshipshouldhave a cardinality of mary-
to-mary, sincethereare mary municipalitiesor precinctsand mary candidatesHowever,
the DTD doesnot reflectthis—it only statesthat eachmunicipality or precinctcan have
morethanonecandidateTo determinea mary-to-mary relationship,it would be necessary
to examinethe actualdata.
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Figure4: DTD E-R Diagrams

It was statedabove whendiscussinghe geospatiabuthority documentthat classedor
states,counties,and municipalitieswould be desirable However, sinceeachstates results
documentouldpotentiallyhave a differentstructurejt would be unfeasibleo definea sepa-
ratestate,county municipality, andcandidateclassfor eachstates electionresults.lt would
make moresensedo have just onestate county andmunicipality classfor the entireapplica-
tion andlet the framevork classeshandlethe necessaryranslationbetweenthe underlying
XML formatsof thevariouselectionresultdocumentsTo accomplishthis, we introduceour
lookup mechanism.

4 Lookups

Interoperabilityhingesupon a systemthat is able to seamlesslynterchangedatabetween
variousdocumentypes.Datafrom onedocumennheeddo beselectedpossiblyrestructured,
andthenlinkedto datain anotherdocumentOur framework providesa way of linking data
in this mannerusingwhatwe call lookups This sectiondiscusseshe featuresof our lookup
mechanismand someof the designrationalebehindthosefeaturesWe will illustrate this
using a running examplefrom our electionscenario:defining a lookup for Massachusetts
electionresultsfor municipalities.

Lookupsin our systemare specifieddeclaratvely in a lookup specificationdocument.
This documentstoredin XML, allows applicationdesignergo specifyall lookup typesfor
anapplication Eachlookupis givenaname adescriptionandanidentifier, asshovn below:

<?xm version='1.0" standal one='no' ?>
<! DOCTYPE | ookup-spec SYSTEM ‘| ookup-spec. dtd >

<| ookup- spec>



<l ookup nane=* MA Muni ci pal Results’
descri pti on=" Massachusetts el ection results per
muni ci pality’
id="1>

4.1 Predicates

Any nodein an XML documentusedby our systemcan potentially have any numberof

lookupsassociatedvith it. Therefore,we first needa way in which we can define predi-
catesthatdeterminewhetheralookup existsfrom a givensourcenode.Thesepredicatesre
expressedas XPath expressions\When checkingif a nodeis associatedavith a lookup, the
predicateXPath expressionsare evaluatedusingthis sourcenodeasthe context node.If all

of the predicatesvaluateto non-nullresults,we canconsiderthis nodeassociateavith this
lookup and can proceedto executethe lookup. In our example,we only wantto link mu-
nicipalitiesin the geospatiahuthorityto municipalitiesin the Massachusettslectionresults
documentConsequentlywe definethefollowing predicates:

<pr edi cat e>

<I-- ensure that the source node is a nmunicipality -->
self::municipality

</ pr edi cat e>

<pr edi cat e>

<I-- ensure that the source node is in Massachusetts -->
ancestor::state[attribute::name="' Massachusetts’]

</ pr edi cat e>

4.2 Arguments

Lookupsactuallylink entities(thatis, entitiesin the databasesensetheseentitiesare ex-
pressedn XML aselements)n differentdocumentsnot actualinstance®f the entities.In
otherwords,lookupsactasalink betweerdifferentdatatypes,nottheir objects.lt mayonly
be possibleto statea lookup in termsof variableswhosevaluesdependon the contet of
the lookup being performed(i.e., the sourcenodes context). For instance,in our running
examplelinking a municipalityin Massachusettwith a municipality in the electionresults,
onelookup cansene all municipalitiesin the state.Contectual data,suchasthe countyand
municipality name,is necessaryor the lookup to be performed,but cannotbe determined
until the lookup is aboutto be executed.Therefore,we provide a mechanisnfor defining
argumentsvhosevaluesarecomputedoeforeexecutingthe lookup andthensubstitutednto
thebodyof thelookup. Theseargumentsareassociateavith an XPathexpressionWhenthe
lookupis aboutto be executedfrom a givensourcenode,the XPath expressions evaluated
usingthe sourcenodeasthe context node,andtheresultingvalueis substitutedor the argu-
mentnamein the body of the lookup. For example,we would needto defineargumentsfor
countyandmunicipalitynamesn orderto properlylink amunicipalityto theelectionresults:

<ar gunent >
<nanme>$count y name</ nane>



<val ue>parent::county/attri bute::name</val ue>
</ ar gunent >

<ar gunent >
<nane>$nuni ci pal i ty_name</ nanme>
<val ue>attri bute: : nane</val ue>
</ ar gunent >

4.3 Lookups:XPathor XSLT

Thenext stepis to definethe actualbody of thelookup. Therearetwo typesof lookupssup-
portedby our framework. Thefirst typeof lookupinvolvessimply selectinga setof nodesin
adocumenusingan XPathexpressionTo specifyan XPathlookup,theactualXPathexpres-
sioncanbe stateddirectly in the lookup specificatiordocumentThe secondype of lookup
involvesrestructuringa subsetof the datain a documentusing XSLT. To specifyan XSLT
lookup,thenameof the XSLT file canbe statedn thelookup specificatiordocument\When
thetime comesto executea givenlookup,the XPathexpressioror XSLT file is loaded argu-
mentvaluesare evaluatedandsubstitutedandthe lookupis performed It is alsonecessary
to statethefile nameof thetargetdocumentln our example,we wantto find the municipal-
ity elementin thetargetdocumentandto selectall childrenof that municipality. The XPath
lookupto accomplishthis, writtenin termsof thevariablesgivenabove, is shovn here:

<t ar get - docunent >
MA el ection_results. xm
</t ar get - docunent >

<I--
Start at the root, trace through the tree to find the
muni ci pality, and select all children of the nunicipality.
-->
<xpat h- expr>
/child::state[attribute::name="Massachusetts’'] \
/child::county[attribute::nanme="$county nane’] \
/child::municipality[attribute::nanme="$nunicipality_nane’] \
/child::*
</ xpat h- expr >

4.4 LinkingtheResults

Whenan XPathexpressions evaluatedaNodeLi st oraNodel t er at or containingthe
selectedhodesis returned.Whenan XSLT file is evaluated the resultingDOM tree struc-
ture is returned.While DOM treesthat resultfrom XSL transformationsan have XPath
expressionsevaluatedagainstthem, NodeLi st s and Nodel t er at or s that result from

XPathexpressiongannot.lt would be usefulto organizetheseresultsin sucha mannetrthat
XPathexpressionganbeevaluatedagainsthem.Similarly, we wouldlik eto beableto cache
andpossiblyserializetheseresults.It would be nice if we could simply addthesenodesas
childrenof the lookup’s sourcenode,but this is not allowed by the DOM becauset could



potentially make the containingdocumentinvalid. However, the DOM providesthe Doc-
unment Fr agnent interfacefor representindightweight collectionsof nodes.The Docu-
ment Fr agnent interfaceis intendedto supportmovementof nodesfor operationsuchas
“cut” and“paste”[9]. Also, sinceDocunent Fr agnent sarenodes XPathexpressiongan
be evaluatedagainsthem.

We canspecifythatthe XSLT partof the Xalan-Jaa APl producea Docunent Fr ag-
nment with the resultsof the transformationFor XPath lookups,we cansimply take each
nodein the resultingNodeLi st or Nodel t er at or and addthat nodeasa child of a
Docunent Fragnment .

Our framework providestheLookupResul t classasubclas®f XM_Cbj ect , to store
theresultingDocunent Fr agnent . Thedetailsof this classarediscussedateron, butit is
worth notingherethatin thelookup specificationtheapplicationdesigneicanspecifywhich
resultclassto instantiatewith the lookup results.Either LookupResul t , or a subclassf
it, canbe specifiedto take the lookup results.In our running example,we simply usethe
LookupResul t class:

<result-class>LookupResult</result-class>

4.5 Opemtions:AccessingheResults

Oncea lookup is performed,codeis neededo accesshe datacontainedn the nodesthat
resultfrom the lookup. Potentially eachlookup canselectnodesfrom differentdocuments
containingdifferentstructuresTherefore gachlookup would requireits own classto bein-
stantiatedvith theappropriateeodeto accesdts data.However, this canquickly becomecum-
bersomeasthe numberof lookupsincreaseAlso, if the structureof the variousdocuments
changethoseclassesvould needto be rewritten. In our electionscenariogachstatecould
potentially requirea separateclassfor lookupsfor its electionresults.While theseclasses
couldbearrangednto aninheritancehierarchy having 50 electionresultclassesvould bea
little excessve. It would be moreusefulif accessomethodscould be definedat the lookup
level.

AccessomethodscanbedefinedusingXPathexpressionshatwill beevaluatedusingthe
Docunent Fr agnent asthecontext node.Thereturnvaluesfor suchaccessomethodsan
be computedusingour aggregateoperationgliscussedibove. The applicationdesignercan
thereforedefineaccessopperationsn the lookup specificationusing a name,aggreation
type,andan XPath expressiorfor the body of the operation Parameterganalsobe defined
whenextra context is neededor the operation Default valuesfor thoseparameterganalso
begiven,wherenecessary

In our runningexample,we would definethe following two operations:

<I-- select all candidate nanes, return a set of strings -->
<oper ati on nane=' get Candi dat eNanes’ aggregati on='sset’ >
<body>
child::candidate/attribute:: nane
</ body>

</ operati on>

<I-- select vote total for a candidate, return an integer -->



<oper ati on nane='get Vot esByCandi dat e’ aggregati on="'isumi >
<par anet er >
<nane>$candi dat e _nane</ nane>
</ par anet er >

<body>
child::candi date[attribute::nane=" $candi date_nane’] \
[attribute::votes
</ body>
</ operati on>
</ | ookup>
</ | ookup- spec>

If all electionresultlookupsdefineoperationswith the samename,multiple classego
representhe electionresultswould no longerbe neededRather we canuseonesubclas®f
LookupResul t . Operationgdefinedin the lookup specificationcanbe invoked usingthe
I nvokeQper at i on() methodprovided by the LookupResul t class.In our subclass,
we canprovidemethodge.g.,get Candi dat eNanes() andget Vot esByCandi dat e() ),
whichsimply calli nvokeQper at i on() with theappropriatgparameters.

4.6 TheLookupSpecification

As statedabove, all lookupsare specifiedin an XML document.Thesedocumentsnust
conformto thelookupspecificatiorDTD (I ookup- spec. dt d), shovn below:

<! ELEMENT | ookup- spec (1 ookup+) >
<! ELEMENT | ookup (predicat e+,
argunent *,

t ar get - docunent
(xpath-expr | xslt-file),
resul t-cl ass,

oper ation*) >

<! ATTLI ST | ookup nane CDATA #REQUI RED
descri pti on CDATA #REQUI RED
id I D #REQUI RED>

<! ELEMENT predi cate (#PCDATA) >

<I ELEMENT ar gunent (nane,

val ue) >

<! ELEMENT nane ( #PCDATA) >

<! ELEMENT val ue ( #PCDATA) >

<! ELEMENT t ar get -docunent (#PCDATA) >

<! ELEMENT xpat h- expr (#PCDATA) >

<! ELEMENT xslt-file ( #PCDATA) >

<! ELEMENT resul t-class ( #PCDATA) >

<!l ELEMENT operation (paraneter*,



body) >

<I ATTLI ST operation nane CDATA #REQUI RED
aggregati on (nodelist |
and | or |
dsum | dprod | dmn | dnmax | dnean |
isum| iprod | imn | imax | inmean |
concat | slist | sset) #REQUI RED>
<! ELEMENT par anet er (nane, default-val ue?)>
<! ELEMENT def aul t - val ue ( #PCDATA) >
<! ELEMENT body (#PCDATA) >

5 Conclusion and Open | ssues

In this paper we analyzeda geospatiabpplicationfor the U.S. electionsasa meansof il-
lustratingthe problemsthatneedto be solvedin the mappingbetweerdifferentXML repre-
sentation@ndtheir conceptuamodels.The framenork thatwe presentedllows application
designerso treatXML documentsashomogeneougraphsandto evaluateXPathexpressions
andXSL transformationsigainsia documentOur framavork alsoallows applicationdesign-
ersto definea setof lookupsthat integrate datafrom multiple documentsDataretrieved
using a lookup canalso have operationsdefinedfor it declaratvely in a lookup specifica-
tion. Coupledwith ouraggreationoperationsthis providesuniform accesso non-uniformly
structureddata.

We anticipatethe needfor introducingmetadatan the semantidayerto guidethetrans-
lation processhetweendocumenttypes.In this section,we discussmetadatassuesin the
semantidayerandanumberof otherissueghatstill needto beinvestigated.

5.1 Metadata,SemanticsandOntolagies

A certainamountof metadatas necessaryor adomainexpertor applicationdesigneto ap-
propriatelyidentify the entitiesthatcanbelinkedandhow thelookupsshouldbe performed.
In somecasesthis metadatas availablefrom the DTD or from anotherexternalsourcethat
describeshatdocumentype.In othercasesthis metadatanaybeimplied. For example,one
canreasonablyexpectmeasurements documentgrom Europeto bein metric units, while
measurements documentdrom the United Statesto be in feet andinches,even though
thisinformationis notexplicitly statedanywherein thedocumentSomecorversionsmaybe
handledby XSLT, but somemay requiremore complicatedcomputationsandconsequently
mustbe performedby anothemrmechanism.

Thereare also namingissuesthat needto be taken into considerationFor instance,it
is possiblefor a geographicentity to have multiple acceptedspellings(e.g., Foxboro, MA
vs. Foxborough MA; or Mt. Washingtorvs. Mount Washington) Oftentimes,foreignplace
namesave multipleacceptedEnglishspellings andthistoo mustbetakeninto consideration.
In somecasesthis canbe handledusinga crossvalk tableor someotherform of dictionary
datastructure.In other casesthe acceptedspellingsof a place namemay dependon the
currentcontet or thelocationof thatplace.

Furtherresearchs alsoneededo seehow to useontologies,especiallyas presentedn
[7] and[8], in our system.



5.2 Tedhnical Issues

We needanenginecapableof executinggraphqueries With suchanengine jt maybe possi-
bleto take agenericgraphquerylanguagehatsupportsaggreation,suchasthe G+ language
presentedh [6], andcompilequeriedn thatlanguagento XPathexpression®r anotheiXXML
basedqjuerylanguagdge.g.,XQL, or whichever XML querylanguagaeachesN3C recom-
mendatiorstatus).

We canalsolook at performanceassues.especiallyin a distributed ervironment.Each
XML documenthatwe areinteroperatingoetweencan potentially be storedon a different
sener. We needto look at differentwaysof cachingandprocessinglata.We alsoareexam-
ining differentsecurityschemesor accessinghevariousXML datasources.

At this pointin the developmentof our framewvork, muchof the codenecessaryo per
form the tasksdescribedabore mustbe written by hand.This may becometoo complex to
be practical.In the future, we planto analyzeall DTDs that will be supportedby and ap-
plication andgenerateghe necessargodeto performmary of the tasksdescribedabore. It
would still be necessaryor the applicationdesigneror a domainexpert to determinethe
links betweenthe differentdocumentypes.It maybe possible however, to automaticallyor
semi-automaticallgeneratehe lookup specificationsiecessaryo executethe lookups,but
moreresearchs neededn this area.ln orderto generatearny codebasednaDTD, it is first
necessaryo parsethe DTD to determinedts structure.This canbe doneby creatinga DTD
graph,using algorithmsdescribedn [10] and[12]. From there,we canbegin to examine
codegeneratiorfor XPath-base@ccessomethodsn thelookupspecificationlt mayalsobe
possibleto automaticallyor semi-automaticallgeneratehelookupcode(usingeitherXPath
or XSLT). Codegeneratiorcanbe supplementetby the input of the applicationdesigneror
domainexpertvia avisualtool thatdisplaysE-R diagramsasedon a givenDTD.

5.3 Documenttructue

The electionscenarioexampleshavn throughoutthis paperis somavhat contrived (the ac-
tual datawas originally retrieved in HTML format from a websiteand then corvertedto
XML) aswe have createdall of the documentsanddefinedtheir structure.Obviously, in a
real-world application thedocumenstructuresouldpotentiallybe quite different,requiring
morerestructuringof thedata.

We alsoneedto examinethe effectsthat changinga documentype would have on code
thathasalreadybeenwritten or generatedldeally, our final framewvork would be sufficiently
powerful to handlesuchchanges.
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