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Abstract. In this paper, we analyzea geospatialapplicationfor visualizingU.S.elec-
tion resultsin order to show the problemsthat needto be solved in the mapping
betweendifferentXML representationsand their conceptualmodels.We proposea
framework thatprovidesanumberof coreclassesthatallow applicationsto treatXML
documentsasgraphsandto evaluateXPathexpressionsagainstsuchdocumentgraphs.
We alsoproposea mechanismthatallows informationto beexchangedbetweendoc-
umenttypes.Our goal is to ultimatelyattainanoverall framework for interoperation
wheremaintenanceproblemsareminimized.To achieve this, we anticipatethe need
for introducingmetadatain thesemanticlayer thatwill guidethe translationprocess
betweendocumenttypes.
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1 Introduction

In statewide geospatialapplications,hundredsof systemsneedto beintegrated.In theseap-
plications,challengesin achieving interoperabilityareat the semanticlevel (e.g.,different
classificationschemes)andat the datastructurelevel (e.g.,differentXML DTDs). Current
approachesthatdealwith thisproblemrequiretheinterventionof ahumanexpertto perform
the mappingbetweenXML representationsor to map betweenthe conceptualmodelsfor
thoserepresentations.Also, changesin therepresentationswill typically entailspecificcode
changesby a humanexpert.A recentlyproposedlayeredmodel[11] partitionsthis problem
by consideringtherequirementsof differentlayers:syntax,object,semantic,andapplication.

This paperdiscussesour approachto interoperabilityin theobjectlayerusingXML [2],
developedasa part of a framework for geospatialdatavisualizationapplications.Applica-
tions usingour framework shouldbe ableto seamlesslypull datafrom multiple XML data
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Figure1: Userinterfacefor theelectionscenario

sources.Thus,we focuson thebackendportionsthatallow for queryingandintegratingdata
from multipleXML sources.

In developingour framework, we have focusedon a numberof applicationscenarios.In
this paper, we examineour electionresultsscenario.In this scenario,we createanapplica-
tion thatwill visualizeresultsfrom the2000U.S.PresidentialElection,superimposingvote
totalsandcampaigndonationsover a given region on a map.Userswill be able to search
for a geographicareain theUnitedStates,choosewhich datato display(e.g.,demographic
information,votescastpercandidate,campaigndonations,etc.),andthenview thatdataon
a mapof theregion. Datacanbedisplayedat multiple granularities,dependingon what the
userwantsto see(e.g.,theusercandisplaya mapof Massachusettswith countyboundaries
showing electionresultsfor eachcountyandthenzoomin on a mapof WorcesterCounty
showing electionresultsandcampaigndonationsfor eachmunicipality).A screenshotfrom
this scenariois shown in Figure1.

XML waschosenasour datarepresentationlanguagebecauseit is quickly becomingthe
new standardfor informationinterchange.The main appealof XML is that it allows users



to definetheir own documenttypes,andthenstoreandexchangedocumentsconformingto
thatdocumenttype.A documenttypedeclarationis usedto accomplishthis.Documenttype
declarationsserve to identify the root elementof a document,but canalsocontaina docu-
menttypedefinition(DTD) [1]. This providesusersa way of declaringthemarkup,syntax,
andstructureof a givendocumenttype.This alsoprovidestheparsera way of determining
whetheradocumentis valid (i.e.,conformsto aDTD), ratherthanjustwell formed(i.e.,uses
correctXML syntax).

Allowing everyoneto createtheirown documenttypesmakesdataexchangeeasier, but it
alsomakesdatainteroperabilitymoredifficult. Dif ferentorganizationscouldmodelthesame
informationwith differentdocumenttypes[1]. It is trivial to loadandview documentswith
differentdocumenttypes,but integratingthedatabetweenthemis potentiallyquitedifficult.

In this paper, we concentrateon providing a general-purposeapplicationframework that
allows datato be interchangedbetweenvariousXML documenttypes.We utilize XPath to
conciselydescribeapaththroughthedocumentgraphandto selectanumberof nodeswhose
valuescanbe aggregated.Finally, we introducethe conceptof a geospatialauthority. Au-
thoritative geospatialinformationaboutthe region beingcoveredby a given applicationis
collectedin anXML document.This documentservesasthesourcefor geospatialrelation-
shipsat the core of the application.For instance,in our electionscenario,we maintaina
geospatialauthoritycontainingthenamesof all of thestates,thecountiescontainedin those
states,andthemunicipalitiescontainedin thosecounties.This providesuswith a meansof
query refinementby providing context for a given geospatialquery (e.g.,a searchfor the
string “Worcester”would yield matchesin New York, Vermont,Massachusetts,Wisconsin,
Missouri,andPennsylvania—theauthorityallowsusto asktheuserfor clarificationin which
“Worcester”is desired).Thisalsoprovidesuswith context andastartingpointwhenlooking
up datain otherdocuments,asseenin theexamplesgivenbelow.

Ourframework is implementedin Java1.3andusesApache’sXalan-Java2 API for XML,
XPath,andXSLT processing.

Thepaperis organizedasfollows: In Section2, we examinetreatinganXML document
asagraph,usingtheDocumentObjectModel(DOM) andXPathasameansof traversingthe
graph.In Section3, we presenta numberof classesthatform thecoreof thebackendof our
applicationframework. In Section4,weintroduceour lookupmechanismthatallowsusersto
interchangedatafrom onedocumenttypeto another. Finally, in Section5, weexamineissues
thatremainopenor thatneedto beaddressedto completeour framework.

2 XML As a Graph

XML is actuallya collectionof W3C recommendationsthat definethe syntaxandseman-
tics of XML andits relatedtechnologies[1]. The coreXML recommendationis the XML
InformationSet(or Infoset)[5], which modelsthecoreabstractionsof XML asa setof in-
formationitems[1]. Information itemsrepresentthe piecesof an XML document,what is
requiredof them,andhow they behave. The itemsmodeledin the Infosetarereflectedin
the DocumentObject Model (DOM) [9]. The DOM allows programmersto accessXML
documentsuniformly, regardlessof theunderlyingimplementation.

Whenan XML documentis loadedusinga DOM compliantparser, a DOM tree is re-
turned.TheDOM providesinterfacesto thefollowing informationitems:documents,docu-
mentfragments,documenttypes,entities,entity references,elements,attributes,processing



instructions,comments,text, CDATA sections,andnotations.While this is useful,for certain
purposesit wouldbemoreusefulto dealwith XML documentsasagraphof elements.1 Each
elementwouldhavea typecorrespondingto its attributes.It shouldbepossibleto retrievean
element’schildren,parent,siblings,etc.

Also worthnotingis theXPath[4] enginein theXalan-JavaAPI. XPathprovidesasimple
way of expressinga path througha documenttree to selecta set of nodes.When a path
expressionis evaluated,theXPath facilities selecta setof nodesrelative to a context node.
Any information item representedin the DOM (andconsequentlyany information item in
any document)canbeselectedby anXPathexpression.UsingXPathexpressionsto traverse
an XML documentis much more conciseand easierto understandthan using the DOM.
Also, afteranalyzinga DTD, it is possibleto generateXPathexpressionsfor thebodyof the
accessormethodsnecessaryto performthegraphoperationsdescribedabove.

3 Framework Core Classes

Our framework providesa numberof coreclasses,shown below in Figure2, thatallow ap-
plicationsto treatXML documentsasgraphs,to performXSL transformationson anXML
document,to evaluateXPathexpressionsagainstadocument,andto performinter-document
lookups.

Thebaseclassthatweusein theframework is theXMLObject class.In ourJava imple-
mentation,theXMLObject classcontainsa referenceto a nodein theDOM tree.Through
this nodereference,it is possibleto retrieve any datacontainedin the node,aswell asany
nodeslinkedto thatnodein theDOM tree.Thisclassalsoprovidesaninterfaceto theXPath
facilitiesin theXalan-JavaAPI. Thenodereferencedby anXMLObject objectis usedasthe
context nodewhenevaluatingXPathexpressions.WhenanXPathexpressionis evaluated,a
setof DOM nodesmatchingthatexpressionareselectedandplacedin a DOM NodeList.
TheNodeList interfaceis wrappedby theXPathResult class,which allows usersto
castthe ���
	 nodein thelist to aBoolean,Double, Integer,Node, orString. Coupled
with prior knowledgeof attribute types(determinedby a domainexpert,or in the futureby
analyzingan XML Schemafor a givendocumenttype), this allows typedaccessto datain
thedocument.

The XPathResult classalsoprovidesaggregateoperationsfor the setof nodesthat
matcha given XPath expression.Oncea set of nodesis selected,it is often necessaryto
traversetheset,accumulatingdata.Ratherthanhave theapplicationdesignerwrite codeto
performtheseaggregateoperations,we provide suchcodein our framework. Theaggregate
operationsthatareprovidedarelistedin Figure3.

Therearethreesubclassesof theXMLObject class:XMLData,XMLSource, andLook-
upResult. TheXMLData classrepresentselementsin theDOM treeandis thebasisfor
treatingadocumentasahomogeneousgraph.It encapsulatesmany of theDOM methodsthat
relateonly to elements(i.e.,retrieving attributenames,retrieving attributevaluesby attribute
name,retrieving children,ancestors,andsiblings).It alsotranslatesthenameandnamespace

1Documentswhoseelementscontainreferencesto otherelements(e.g.,IDREFs)canbe consideredto be
a graph,ratherthana tree.In the DOM, referencesarenot consideredto be edgesin the documenttree,thus
maintainingthe treestructure.However, in certaincircumstances,it may be necessaryto treat referencesas
edges,andthustreatthedocumentasa graph.In any case,anXML documentis primarily tree-structured,so
we canusetermslike sibling,parent,ancestor, andchild.



+XMLObject(node : org.w3c.dom.Node)

+evalXPath(xpathExpr : String) : XPathResult

+getNode( ) : org.w3c.dom.Node


XMLObject

�

#node : org.w3c.dom.Node

�

#XMLSource(doc : org.w3c.dom.Document)

�
+applyXSLTransformation(xsltFilename : String) : XMLSource

+getRootNode( ) : XMLData

+
newInstance(filename : String) : XMLSource

+serialize(output : java.io.PrintWriter)


XMLSource


#

�

cachedDocuments : Hashtable


+XMLData(element : org.w3c.dom.Node)

+getAttrNames( ) : Enumeration<String>

+getAttrByName(name : String) : String

+getChildren( ) : Enumeration<XMLData>

+getParent( ) : XMLData

+getType( ) : String

+getValue( ) : String

+toString( ) : String


XMLData


#LookupResult(result : org.w3c.dom.DocumentFragment)

�
+
newInstance(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


LookupResult


#lookup : Lookup

�
#srcNode : org.w3c.dom.Node

�

Figure2: UML classdiagramof coreframework classes



+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

+aggregateIntegerSum( ) : Integer

+aggregateIntegerProduct( ) : Integer

+aggregateIntegerMin( ) : Integer

+aggregateIntegerMax( ) : Integer

+aggregateIntegerMean( ) : Integer

+aggregateConcatenate( ) : String

+aggregateStringList( ) : Enumeration<String>

+aggregateStringSet( ) : Enumeration<String>

+aggregateNodeList( ) : org.w3c.dom.NodeList


XPathResult




#result : org.w3c.dom.NodeList

�

Figure3: UML classdiagramfor theXPathResult class

of anelementinto thetypeof thegraphnode.XMLData objectsareinstantiatedby theXML-
Source class.XMLSource objectsrepresentXML documentsandallow usersto loadand
parsedocuments,to serializedocumentsout to a stream,andto retrieve the root nodeof a
documentasanXMLData object.TheXMLSource classalsoprovidesaccessto theXSLT
[3] facilities(discussedbelow) providedin theXalan-Java API. TheLookupResult class
encapsulatestheresultingdatafrom aninter-documentlookup(discussedbelow).

3.1 ExampleusingtheFrameworkCore Classes

In ourelectionscenario,westartwith anXML documentthatwecall thegeospatialauthority,
which containsgeographicinformationaboutthe areabeingcoveredby the application(in
this case,theUnitedStates).For simplicity, weconsideranauthoritydocumentthatcontains
stateelements,which in turn containcountyelements,which in turn containmunicipality
elements.TheDTD for thegeospatialauthorityis shown below:

<!ELEMENT state (county+)>
<!ELEMENT county (municipality+)>
<!ELEMENT municipality EMPTY>

<!ATTLIST state name CDATA #REQUIRED>
<!ATTLIST county name CDATA #REQUIRED>
<!ATTLIST municipality name CDATA #REQUIRED>

Thiswouldsuggestthatsubclassesof XMLData areneededfor states,counties,andmu-
nicipalities.Eachof theseclasseswould have anaccessormethodthatwould allow theuser



to retrieve thename,aswell astheregion(s)containedby thatregion (e.g.,retrieveall coun-
tiesfor agivenstate,or retrieve themunicipalitynamed“Worcester”from Worcestercounty
in Massachusetts).Therearealsodocumentsfor eachstatecontainingelectionresults.Po-
tentially, eachstatecanhave a differentDTD, andconsequently, a differentstructurefor its
resultsdocument.For simplicity, we will examinethe DTDs for electionresultsfrom only
two states,MassachusettsandMaine:

MA results.dtd

<!ELEMENT state (county+)>
<!ELEMENT county (municipality+)>
<!ELEMENT municipality (candidate+)>
<!ELEMENT candidate EMPTY>

<!ATTLIST state name CDATA #REQUIRED>
<!ATTLIST county name CDATA #REQUIRED>
<!ATTLIST municipality name CDATA #REQUIRED>
<!ATTLIST candidate name CDATA #REQUIRED

votes CDATA #REQUIRED>

ME results.dtd

<!ELEMENT state (county+)>
<!ELEMENT county (municipality+)>
<!ELEMENT municipality (ward+)>
<!ELEMENT ward (precinct+)>
<!ELEMENT precinct (candidate+)>
<!ELEMENT candidate EMPTY>

<!ATTLIST state name CDATA #REQUIRED>
<!ATTLIST county name CDATA #REQUIRED>
<!ATTLIST municipality name CDATA #REQUIRED>
<!ATTLIST ward id CDATA #REQUIRED>
<!ATTLIST precinct id CDATA #REQUIRED>
<!ATTLIST candidate name CDATA #REQUIRED

votes CDATA #REQUIRED>

This representsthegeneralstructureof theelectionresultdataaspresentedat theMas-
sachusettsandMainestatewebsites.In orderto betterunderstandtheseDTDs,Figure4shows
theE-Rdiagramsof thesedocumenttypes.

Note that in thediagram,thecardinalityof all relationshipsis one-to-many. This is due
to thefactthat,in theDTD, all subelementshave the“+” qualifier, meaningthatoneor more
instancesof thatsubelementcanappear. While this is fine for thestate-to-countyrelationship
andthe county-to-municipalityrelationship,it doesnot tell the whole story for candidates.
The municipality- or precinct-to-candidaterelationshipshouldhave a cardinalityof many-
to-many, sincetherearemany municipalitiesor precinctsandmany candidates.However,
the DTD doesnot reflect this—it only statesthat eachmunicipality or precinctcan have
morethanonecandidate.To determinea many-to-many relationship,it would benecessary
to examinetheactualdata.
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Figure4: DTD E-R Diagrams

It wasstatedabove whendiscussingthe geospatialauthoritydocumentthat classesfor
states,counties,andmunicipalitieswould be desirable.However, sinceeachstate’s results
documentcouldpotentiallyhaveadifferentstructure,it wouldbeunfeasibleto defineasepa-
ratestate,county, municipality, andcandidateclassfor eachstate’s electionresults.It would
makemoresenseto have just onestate,county, andmunicipalityclassfor theentireapplica-
tion andlet the framework classeshandlethe necessarytranslationbetweentheunderlying
XML formatsof thevariouselectionresultdocuments.To accomplishthis,we introduceour
lookupmechanism.

4 Lookups

Interoperabilityhingesupona systemthat is able to seamlesslyinterchangedatabetween
variousdocumenttypes.Datafrom onedocumentneedsto beselected,possiblyrestructured,
andthenlinkedto datain anotherdocument.Our framework providesa way of linking data
in this mannerusingwhatwe call lookups. This sectiondiscussesthefeaturesof our lookup
mechanismandsomeof the designrationalebehindthosefeatures.We will illustrate this
usinga running examplefrom our electionscenario:defining a lookup for Massachusetts
electionresultsfor municipalities.

Lookupsin our systemare specifieddeclaratively in a lookup specificationdocument.
This document,storedin XML, allows applicationdesignersto specifyall lookup typesfor
anapplication.Eachlookupis givenaname,adescription,andanidentifier, asshown below:

<?xml version=‘1.0’ standalone=‘no’?>
<!DOCTYPE lookup-spec SYSTEM ‘lookup-spec.dtd’>

<lookup-spec>



<lookup name=‘MA Municipal Results’
description=‘Massachusetts election results per

municipality’
id=‘1’>

4.1 Predicates

Any nodein an XML documentusedby our systemcan potentially have any numberof
lookupsassociatedwith it. Therefore,we first needa way in which we can definepredi-
catesthatdeterminewhethera lookupexistsfrom a givensourcenode.Thesepredicatesare
expressedasXPath expressions.Whencheckingif a nodeis associatedwith a lookup, the
predicateXPathexpressionsareevaluatedusingthis sourcenodeasthecontext node.If all
of thepredicatesevaluateto non-null results,we canconsiderthis nodeassociatedwith this
lookup andcanproceedto executethe lookup. In our example,we only want to link mu-
nicipalitiesin thegeospatialauthorityto municipalitiesin theMassachusettselectionresults
document.Consequently, wedefinethefollowing predicates:

<predicate>
<!-- ensure that the source node is a municipality -->
self::municipality
</predicate>

<predicate>
<!-- ensure that the source node is in Massachusetts -->
ancestor::state[attribute::name=‘Massachusetts’]
</predicate>

4.2 Arguments

Lookupsactually link entities(that is, entitiesin the databasesense;theseentitiesareex-
pressedin XML aselements)in differentdocuments,not actualinstancesof theentities.In
otherwords,lookupsactasa link betweendifferentdatatypes,not their objects.It mayonly
be possibleto statea lookup in termsof variableswhosevaluesdependon the context of
the lookup beingperformed(i.e., the sourcenode’s context). For instance,in our running
examplelinking a municipality in Massachusettswith a municipality in theelectionresults,
onelookupcanserve all municipalitiesin thestate.Contextual data,suchasthecountyand
municipality name,is necessaryfor the lookup to be performed,but cannotbe determined
until the lookup is aboutto be executed.Therefore,we provide a mechanismfor defining
argumentswhosevaluesarecomputedbeforeexecutingthelookupandthensubstitutedinto
thebodyof thelookup.Theseargumentsareassociatedwith anXPathexpression.Whenthe
lookupis aboutto beexecutedfrom a givensourcenode,theXPathexpressionis evaluated
usingthesourcenodeasthecontext node,andtheresultingvalueis substitutedfor theargu-
mentnamein thebodyof the lookup.For example,we would needto defineargumentsfor
countyandmunicipalitynamesin orderto properlylink amunicipalityto theelectionresults:

<argument>
<name>$county_name</name>



<value>parent::county/attribute::name</value>
</argument>

<argument>
<name>$municipality_name</name>
<value>attribute::name</value>

</argument>

4.3 Lookups:XPathor XSLT

Thenext stepis to definetheactualbodyof thelookup.Therearetwo typesof lookupssup-
portedby our framework. Thefirst typeof lookupinvolvessimplyselectingasetof nodesin
adocumentusinganXPathexpression.To specifyanXPathlookup,theactualXPathexpres-
sioncanbestateddirectly in thelookupspecificationdocument.Thesecondtypeof lookup
involvesrestructuringa subsetof the datain a documentusingXSLT. To specifyan XSLT
lookup,thenameof theXSLT file canbestatedin thelookupspecificationdocument.When
thetimecomesto executeagivenlookup,theXPathexpressionor XSLT file is loaded,argu-
mentvaluesareevaluatedandsubstituted,andthe lookup is performed.It is alsonecessary
to statethefile nameof thetargetdocument.In our example,we wantto find themunicipal-
ity elementin thetargetdocumentandto selectall childrenof thatmunicipality. TheXPath
lookupto accomplishthis,written in termsof thevariablesgivenabove, is shown here:

<target-document>
MA_election_results.xml
</target-document>

<!--
Start at the root, trace through the tree to find the
municipality, and select all children of the municipality.

-->
<xpath-expr>
/child::state[attribute::name=‘Massachusetts’] \

/child::county[attribute::name=‘$county_name’] \
/child::municipality[attribute::name=‘$municipality_name’] \
/child::*

</xpath-expr>

4.4 Linking theResults

WhenanXPathexpressionis evaluated,aNodeList or aNodeIterator containingthe
selectednodesis returned.Whenan XSLT file is evaluated,the resultingDOM treestruc-
ture is returned.While DOM treesthat result from XSL transformationscan have XPath
expressionsevaluatedagainstthem,NodeLists andNodeIterators that result from
XPathexpressionscannot.It would beusefulto organizetheseresultsin sucha mannerthat
XPathexpressionscanbeevaluatedagainstthem.Similarly, wewouldliketo beableto cache
andpossiblyserializetheseresults.It would benice if we couldsimply addthesenodesas
childrenof the lookup’s sourcenode,but this is not allowed by the DOM becauseit could



potentiallymake the containingdocumentinvalid. However, the DOM providestheDoc-
umentFragment interfacefor representinglightweightcollectionsof nodes.TheDocu-
mentFragment interfaceis intendedto supportmovementof nodesfor operationssuchas
“cut” and“paste”[9]. Also, sinceDocumentFragmentsarenodes,XPathexpressionscan
beevaluatedagainstthem.

We canspecifythat theXSLT partof theXalan-Java API produceaDocumentFrag-
ment with the resultsof the transformation.For XPath lookups,we cansimply take each
nodein the resultingNodeList or NodeIterator and add that nodeas a child of a
DocumentFragment.

Our framework providestheLookupResult class,asubclassof XMLObject, to store
theresultingDocumentFragment. Thedetailsof thisclassarediscussedlateron,but it is
worthnotingherethatin thelookupspecification,theapplicationdesignercanspecifywhich
resultclassto instantiatewith the lookup results.EitherLookupResult, or a subclassof
it, canbe specifiedto take the lookup results.In our runningexample,we simply usethe
LookupResult class:

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

4.5 Operations:AccessingtheResults

Oncea lookup is performed,codeis neededto accessthe datacontainedin the nodesthat
result from the lookup.Potentially, eachlookup canselectnodesfrom differentdocuments
containingdifferentstructures.Therefore,eachlookupwould requireits own classto bein-
stantiatedwith theappropriatecodeto accessitsdata.However, thiscanquicklybecomecum-
bersomeasthenumberof lookupsincrease.Also, if thestructureof thevariousdocuments
change,thoseclasseswould needto be rewritten. In our electionscenario,eachstatecould
potentially requirea separateclassfor lookupsfor its electionresults.While theseclasses
couldbearrangedinto aninheritancehierarchy, having 50 electionresultclasseswould bea
little excessive. It would bemoreusefulif accessormethodscouldbedefinedat the lookup
level.

AccessormethodscanbedefinedusingXPathexpressionsthatwill beevaluatedusingthe
DocumentFragment asthecontext node.Thereturnvaluesfor suchaccessormethodscan
becomputedusingour aggregateoperationsdiscussedabove. Theapplicationdesignercan
thereforedefineaccessoroperationsin the lookup specificationusinga name,aggregation
type,andanXPathexpressionfor thebodyof theoperation.Parameterscanalsobedefined
whenextra context is neededfor theoperation.Default valuesfor thoseparameterscanalso
begiven,wherenecessary.

In our runningexample,wewoulddefinethefollowing two operations:

<!-- select all candidate names, return a set of strings -->
<operation name=‘getCandidateNames’ aggregation=‘sset’>

<body>
child::candidate/attribute::name

</body>
</operation>

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



<operation name=‘getVotesByCandidate’ aggregation=‘isum’>
<parameter>
<name>$candidate_name</name>

</parameter>

<body>
child::candidate[attribute::name=‘$candidate_name’] \
/attribute::votes

</body>
</operation>
</lookup>
</lookup-spec>

If all electionresult lookupsdefineoperationswith the samename,multiple classesto
representtheelectionresultswouldno longerbeneeded.Rather, we canuseonesubclassof
LookupResult. Operationsdefinedin the lookup specificationcanbe invoked usingthe
invokeOperation() methodprovided by theLookupResult class.In our subclass,
wecanprovidemethods(e.g.,getCandidateNames() andgetVotesByCandidate()),
whichsimply call invokeOperation() with theappropriateparameters.

4.6 TheLookupSpecification

As statedabove, all lookupsare specifiedin an XML document.Thesedocumentsmust
conformto thelookupspecificationDTD (lookup-spec.dtd), shown below:

<!ELEMENT lookup-spec (lookup+)>
<!ELEMENT lookup (predicate+,

argument*,
target-document,
(xpath-expr | xslt-file),
result-class,
operation*)>

<!ATTLIST lookup name CDATA #REQUIRED
description CDATA #REQUIRED
id ID #REQUIRED>

<!ELEMENT predicate (#PCDATA)>
<!ELEMENT argument (name,

value)>
<!ELEMENT name (#PCDATA)>
<!ELEMENT value (#PCDATA)>

<!ELEMENT target-document (#PCDATA)>
<!ELEMENT xpath-expr (#PCDATA)>
<!ELEMENT xslt-file (#PCDATA)>
<!ELEMENT result-class (#PCDATA)>

<!ELEMENT operation (parameter*,



body)>
<!ATTLIST operation name CDATA #REQUIRED

aggregation (nodelist |
and | or |
dsum | dprod | dmin | dmax | dmean |
isum | iprod | imin | imax | imean |
concat | slist | sset) #REQUIRED>

<!ELEMENT parameter (name, default-value?)>
<!ELEMENT default-value (#PCDATA)>
<!ELEMENT body (#PCDATA)>

5 Conclusion and Open Issues

In this paper, we analyzeda geospatialapplicationfor the U.S. electionsasa meansof il-
lustratingtheproblemsthatneedto besolvedin themappingbetweendifferentXML repre-
sentationsandtheir conceptualmodels.Theframework thatwepresentedallowsapplication
designersto treatXML documentsashomogeneousgraphsandto evaluateXPathexpressions
andXSL transformationsagainstadocument.Our framework alsoallowsapplicationdesign-
ers to definea set of lookupsthat integratedatafrom multiple documents.Data retrieved
usinga lookup canalsohave operationsdefinedfor it declaratively in a lookup specifica-
tion.Coupledwith ouraggregationoperations,thisprovidesuniformaccessto non-uniformly
structureddata.

We anticipatetheneedfor introducingmetadatain thesemanticlayerto guidethetrans-
lation processbetweendocumenttypes.In this section,we discussmetadataissuesin the
semanticlayerandanumberof otherissuesthatstill needto beinvestigated.

5.1 Metadata,Semantics,andOntologies

A certainamountof metadatais necessaryfor adomainexpertor applicationdesignerto ap-
propriatelyidentify theentitiesthatcanbelinkedandhow thelookupsshouldbeperformed.
In somecases,this metadatais availablefrom theDTD or from anotherexternalsourcethat
describesthatdocumenttype.In othercases,thismetadatamaybeimplied.For example,one
canreasonablyexpectmeasurementsin documentsfrom Europeto bein metricunits,while
measurementsin documentsfrom the United Statesto be in feet and inches,even though
this informationis notexplicitly statedanywherein thedocument.Someconversionsmaybe
handledby XSLT, but somemayrequiremorecomplicatedcomputationsandconsequently
mustbeperformedby anothermechanism.

Therearealso namingissuesthat needto be taken into consideration.For instance,it
is possiblefor a geographicentity to have multiple acceptedspellings(e.g.,Foxboro,MA
vs.Foxborough,MA; or Mt. Washingtonvs.MountWashington).Oftentimes,foreignplace
nameshavemultipleacceptedEnglishspellings,andthistoomustbetakenintoconsideration.
In somecases,this canbehandledusinga crosswalk tableor someotherform of dictionary
datastructure.In other cases,the acceptedspellingsof a placenamemay dependon the
currentcontext or thelocationof thatplace.

Furtherresearchis alsoneededto seehow to useontologies,especiallyaspresentedin
[7] and[8], in our system.



5.2 Technical Issues

Weneedanenginecapableof executinggraphqueries.With suchanengine,it maybepossi-
bleto takeagenericgraphquerylanguagethatsupportsaggregation,suchastheG+ language
presentedin [6], andcompilequeriesin thatlanguageinto XPathexpressionsor anotherXML
basedquerylanguage(e.g.,XQL, or whichever XML querylanguagereachesW3C recom-
mendationstatus).

We canalso look at performanceissues,especiallyin a distributedenvironment.Each
XML documentthat we areinteroperatingbetweencanpotentiallybe storedon a different
server. We needto look at differentwaysof cachingandprocessingdata.We alsoareexam-
ining differentsecurityschemesfor accessingthevariousXML datasources.

At this point in the developmentof our framework, muchof the codenecessaryto per-
form the tasksdescribedabove mustbe written by hand.This may becometoo complex to
be practical.In the future, we plan to analyzeall DTDs that will be supportedby andap-
plication andgeneratethe necessarycodeto performmany of the tasksdescribedabove. It
would still be necessaryfor the applicationdesigneror a domainexpert to determinethe
links betweenthedifferentdocumenttypes.It maybepossible,however, to automaticallyor
semi-automaticallygeneratethe lookupspecificationsnecessaryto executethe lookups,but
moreresearchis neededin this area.In orderto generateany codebasedonaDTD, it is first
necessaryto parsetheDTD to determineits structure.This canbedoneby creatinga DTD
graph,usingalgorithmsdescribedin [10] and [12]. From there,we canbegin to examine
codegenerationfor XPath-basedaccessormethodsin thelookupspecification.It mayalsobe
possibleto automaticallyor semi-automaticallygeneratethelookupcode(usingeitherXPath
or XSLT). Codegenerationcanbesupplementedby the input of theapplicationdesigneror
domainexpertvia avisualtool thatdisplaysE-Rdiagramsbasedona givenDTD.

5.3 DocumentStructure

The electionscenarioexampleshown throughoutthis paperis somewhatcontrived(theac-
tual datawas originally retrieved in HTML format from a websiteand then convertedto
XML) aswe have createdall of the documentsanddefinedtheir structure.Obviously, in a
real-world application,thedocumentstructurescouldpotentiallybequitedifferent,requiring
morerestructuringof thedata.

We alsoneedto examinetheeffectsthatchanginga documenttypewould have on code
thathasalreadybeenwrittenor generated.Ideally, ourfinal framework wouldbesufficiently
powerful to handlesuchchanges.
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