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Résuḿe

C-Web est un ensembled’outils pour une communaut́e d’
utilisateurs qui partagent des informationsassocíeesà un
domainesṕecifiqueà travers le Web. Le composantessen-
tiel decesyst́emeestuneontologiequi estpartagéeentre les
membresdela communaut́eetutiliséecommeinterfacecom-
munpour l’int égration,interrogationet échangedesinform-
ations. Danscet article nousdécrivonsun langage simple
maispuissantpour l’int égrationdedocumentsXML dansC-
Web. Pluspréciśement,nousillustronscommenton peutex-
ploiter et intégrer de serveurs Web capablede répondre à
desreqûetesXPath. Cet intégration estfaite par desrègles
d’associationde cheminsd’éxpressionXPath aux concepts
et roles de l’ontologie. Nousdécrivonsun algorithmede
reécriture dereqûetesqui utilise cesrèglespour reformuler
unereqûeteutilisateurà un ensembledereqûetesXPath. En
outre, on décrit destechniquesd’évaluationqui nousper-
mettentderéduire le volumedesfragmentsXML envoýespar
lessourcespendantl’ évaluationd’unereqûete.

Mots clés : communaut́e web, ontologies, XML,
XPath,règlesd’association,traductiondereqûetes

Abstract

A CommunityWeb portal is a setof tools for a community
of peoplewho want to share information on a certain do-
main via the Web. Thebackboneof this systemis an onto-
logy which is understoodby all members of the community
and usedas the commoninterfacecomponentfor integrat-
ing, querying, structuringandexchanginginformation.This
paperdescribesa simplebut neverthelesspowerfullanguage
for integrating XML documentsinto a CommunityWeb sys-
tem. More precisely, we describehow to add and exploit
XPath enabledWebservers by mappingstandard XPath loc-
ation pathsto conceptualpathsin the systemontology. We
presenta queryrewriting algorithmusingsuch mappings.It
transformsa userqueryinto a setof XML queriesbasedon
XPath patternsfor selectingXML fragments.Finally, wede-
scribe someevaluation techniquesfor reducingthe sizeof
XML datareturnedbytheXML sourcefor queryevaluation.

Keywords: communityweb, ontology, XML, XPath, map-
ping rules,querytranslation

1 Intr oduction
The C-Web (CommunityWeb) project1 [3, 2] aimsat sup-
porting the sharing,integrationandretrieval of information
in a specificdomainof interest. The main objective is to
provide to a groupof peoplewho desireto accessandex-
changeknowledgeandinformationin thisdomain,theinfra-
structurefor publishinginformationsourcesandformulating
structured queriesby taking into considerationthe concep-
tual representationof thedomainin form of anontology.
In our first C-Web prototype[3] we have proposeda (con-
tent) descriptionlanguage to describe(index) the contents
of Webresources(identifiedby URLs) in termsof a domain
specificontologyextendedwith specializedthesauri[4]. Re-
sourcedescriptionsarestoredin a descriptionbaseandthe
resultto someuserqueryis a list of URLs. Theactualsource
contentsandstructurearecompletelyignoredduring query
evaluation. This hasthe advantagethat it is possibleto se-
mantically index any kind of Web resources(including im-
ages)which arenot necessarilystructuredXML documents
or databaserecords.But anobviousshortcomingof this ap-
proachis thatmanuallyindexing a largecollectionof struc-
tureddocuments(e.g. XML documentsin an XML repos-
itory) might bea difficult andtedioustask,whereassimilar,
andoften betterresults,couldbe obtainedby issuingstruc-
turedqueries(e.g. XML queries)againstthe XML reposit-
ory.
In this paperwe areinterestedin the queryingof XML re-
sources.More precisely, we want to take advantageof the
structureof XML resources,generallydescribedby a Doc-
umentTypeDefinition (DTD) or anXML schema,for map-
ping XML fragmentsto conceptsandrolesin the ontology.
Thereare two orthogonalobjectiveshere: 1) to be able to
translateandforwardsemanticuserqueriesto diverseXML
repositorieswhile hiding their heterogeneity, and2) to limit
the materializationof descriptionson the C-Web repository
whentheinformationis availableon thesource.Thesecond
point is particularly relevant when the valuesof someele-
mentschangeover time.
In thefollowing, wewill present:

� amappinglanguagerelatingXML fragmentsdescribed
by XPath locationpathsto theconceptsandrolesof an
ontology,

1http://cweb.inria.fr



� a simpletreequerylanguage for C-Webportals,

� a queryrewriting algorithm for translatingtreequeries
into XML queriesand

� a queryevaluationstrategy for XPathenabledXML re-
sources.

The paperis organizedasfollows. In Section2 we present
a culturalapplicationexampleto illustrateourapproach.We
informally describethe mappingrules that can be defined
betweenXML resourcesanda cultural ontologyandwe il-
lustratehow theserulescanbeexploited for translatingand
evaluatinguserqueries. Relatedwork is discussedin Sec-
tion 3. In Section4 we presentthe mappinglanguagefor
XML resourcesand the semanticsof mappingrules. Tree
queriesandtherewriting algorithmfor translatingtreequer-
ies accordingto a given setof mappingrulesarepresented
in Section5. In Section6 we describea queryevaluation
strategy for XPath enabledXML resources.Finally, Sec-
tion 7 containsa conclusionandfuturework.

2 System Overview thr ough a Cul-
tural Example

Weillustrateourapproachconsideringtheintegrationof cul-
tural informationsourcesaccessiblefrom Webservers.Sup-
posethat http://www.art.com is a web server of XML doc-
umentsaboutartistsandart in general. An exampleof an
XML documentwe would like to queryandthecorrespond-
ing DTD areshown in Figures1 and2.

<ARTIST SCHOOL=’DUTCH’>
<NAME>Vincent Van Gogh</NAME>
<NATIONALITY>Dutch</NATIONALITY>
<ARTIFACT FORM=’P’>

<TITLE>Church at Auvers</TITLE>
<MATERIAL>Oil on Canvas</MATERIAL>
<LOCATION>
Musee d’Orsay, Paris France

</LOCATION>
</ARTIFACT>
<ARTIFACT FORM=’P’>

<TITLE>Vase With Flowers</TITLE>
<MATERIAL>Oil on Canvas</MATERIAL>
<LOCATION>
Van Gogh Museum, Amsterdam

</LOCATION>
</ARTIFACT>

</ARTIST>

Figure1: XML documentaboutVincentVanGogh

An exampleof anontologyfor culturalartifacts,which is in-
spiredfrom theICOM/CIDOC ReferenceModel2, is shown
in Fig.3 asalabeledgraph.Nodesof thegraphcorrespondto
theconceptsof theontologywhich areconnectedby binary
rolesandsimpleinheritance( 	�
� ) links.

2http://cidoc.ics.forth.gr/crm intro.html

Ten conceptsand ten roles describeactors(persons)per-
forming activities for producingartifacts. Roles are rep-
resentedby solid arcs and each role has an inverserole
which is definedwithin parentheses.Dashedarcs repres-
ent conceptinheritance. For example, conceptPerson is
a subconceptof Actor andinherits role performed(inverse
role performedby) that relatesactors(instancesof concept
Actor) to activities (instancesof conceptActivity). Observe
thatwe do not distinguishconceptattributesfrom roles.For
example,role hasnamedefinedon conceptPerson returns
thenameof apersonin form of aninstanceof concept(type)
String.

1. <!ELEMENT ARTIST
(NAME,NATIONALITY,ARTIFACT*)>

2. <!ELEMENT NATIONALITY (#PCDATA)>
3. <!ATTLIST ARTIST SCHOOL
4. (ITALIAN|DUTCH|OTHER)>
5. <!ELEMENT NAME (#PCDATA)>
6. <!ELEMENT ARTIFACT

(TITLE,MATERIAL,LOCATION)>
7. <!ATTLIST ARTIFACT FORM (P|S|G)>
8. <!ELEMENT TITLE (#PCDATA)>
9. <!ELEMENT LOCATION (#PCDATA)>

10. <!ELEMENT MATERIAL (#PCDATA)>

Figure2: An XML DTD for Artists

2.1 Mapping XML Resources

Typically sourcedescriptionsasdescribedin [3] areuseful
for storinginformationwhichcannotbeextractedeitherfrom
thedocumentcontentsor its structure.Thenthedescription
basemight help the userto discover sourcesof information
relevantto herquery. But if wewantto takeadvantageof the
documentcontentsin acollectionof XML documents,auser
queryshouldbe translatedinto anXML query. This canbe
doneif thereexistsa mappingbetweenthedocumentstruc-
tureon theonehandandconceptsandrolesin theontology
on theotherhand.
As mentionedin [10] thereexist differentwaysfor defining
suchmappingsdependingon thesizeandprecisenessof the
mappingdefinition but alsothe complexity of the queryre-
writing algorithm. Among the differentpossibilities(node-
to-node,path-to-path,tree-to-tree,etc.),we have chosenthe
path-to-pathapproachand introducerules that map XPath
locationpathsto conceptualpathsin theconceptualschema.
Thechoiceof XPathaspartof our mappinglanguageis jus-
tified in moredetail in Section3.
For example, the rules illustrated in Fig. 4 map XML re-
sourcesas describedby the DTD of Fig. 2 to pathsin the
ontologyof Fig. 3. The left handsideof a mappingrule is
calledthesourcepathof theruleandconsidersanXPathloc-
ationpath[8] (seeSection4.1for moredetailsaboutXPath)
evaluatedonthecontext definedby aconcreteURL or avari-
able. The right handsideof a mappingrule is a pathin the
conceptualschemacalledtheschemapathof therule.
Informally, givensuchrules,the interpretationof a concept



isa

Actor

Person

born (birth of)
Event

took place at (witnessed)
Place

performed (performed by)
Activity

has produced (produced by)
Man Made Object

consists of (is material of)
Material

has title (is title of)
Title

technique (is technique of)
Technique/Procedure

used material (used in)

Place

located_at (is location of)

has name (is name-of)
String

Figure3: An Ontologyfor CulturalArtif acts

���
: http://www.art.com//ARTIST as � � �

Person���
: � � /NAME �

has name���
: � � /ARTIFACT as � � �

performed.has produced���
: � � /TITLE �

has title���
: � � /PROCEDURE as � � �

technique���
: � � /MATERIAL �

used material���
: � � /NATIONALITY �

born.took place at���
: http://www.art.com//ARTIFACT as � � �

Man Made Object���
: � � /LOCATION �

located at

Figure4: Setof MappingRules

in the ontologyis a setof XML fragments.More formally,
a rule � �!�#"%$&�'
&( �*) where � is a URL or a vari-
able, ( is a variable, $ is an XPath locationpathand

)
is a

schemapath,is interpretedas“the XML fragmentsobtained
by XPath $ starting from URL or variable � are boundto
variable ( andbelongto thesetof instances(population)of
the conceptreachedby schemapath

)
” . For example,the

first mappingrule statesthat all elementsof type ARTIST
anddescendantsof therootelementsof theXML documents
in http://www.art.comareboundto variable � � andare in-
stancesof conceptPerson.

In thesameway, rule
���

statesthatall elementsof typeAR-
TIFACT anddescendantsof therootelementsof XML doc-
umentsin http://www.art.comareinstancesof conceptMan
Made Object.

Rulesalsodefinerole instances.For example,rule
� �

spe-
cifies that all sub-elementsobtainedby evaluating XPath
/NAME on somefragment+ obtainedby rule

���
correspond

to a string (instanceof conceptString) which is the name
of person+ (fragmentsobtainedby rule

���
aredefinedas

instancesof conceptPerson). Rule
���

createsinstances
of role

)-, �%.0/1�12 ,135476 �'
 ) �%/ 3 �98 ,3 connectingeachelement
(person) + obtainedby rule

���
to all fragments(artifacts)

thatcanbeobtainedfrom + by applyingXPath/ARTIFACT.

Observe that, in order to be consistentwith the conceptual
schema,the concatenationof the schemapathsof rules

���
and
���

mustbeapathin theconceptualschemaandby con-
catenatingsourcepathsof rules

���
and
���

, we obtainanew
rule
���%4 ��� � http://www.art.com//ARTIST/NAME�

Person.has name. In general,a setof : � rulesthatbind
thevariable� , andasetof : � rulesthatuseit canbeextended
by asetof : �<; : � rules.Thatis, theresultingsetof mapping

rulesafterexpansionmaybeexponentiallylargerthantheset
of ruleswith variables.
Theuseof variablesis apowerful tool thathelpsto reducethe
sizeof mappings,sometimesquitedrastically, while making
thestructureeasierto understand.Theuseof differentvari-
ablesenablesseparatingcontextsin whichdifferentmapping
rulescanapply, or to mapdifferentXPathsto thesamevari-
able.To illustratethelatter, considerrules

���
and
���

which
have beenbothassignedto variable � � . By this multiple as-
signment,rules

�=�
and
���

canbe appliedto all fragments
found by usingrule

� �
andrule

� �
. On the otherhand,if� �

hadbeenassigneda new variable,say � �?>@ � � , rules
� �

and
� �

couldnot beusedfor finding thetitle andtechniques
of man-madeobjectsfoundby rule

� �
.

2.2 Query Rewriting and Evaluation

Thebasicmotivationbehind(i) describingsourcesor/and(2)
producingmappingsis to provide userswith more power-
ful queryfacilities. Queriesareformulatedin an OQL-like
syntax(Section5.1) consideringthe ontologyasa standard
object-orienteddatabaseschema.
The following example illustratesthe evaluationof a user
query. Supposethe userasksthe titles of artifactscreated
by theartistPicasso.Theuserqueryis illustratedin Fig. 5.

select � .performed.hasproduced.hastitle
fr om Person�

where � .name= “Picasso”

Figure5: Query ACB
We illustrate query rewriting with the mappingshown in



Fig. 4. The systemneedsto rewrite the original queryinto
one or more queriesthat find all paintingsof Picassoin
sourcehttp://www.art.com. The resultingqueriesareXML
queriesthatusetheXPathlocationpathsdefinedin themap-
ping rules.
Basically, a userquery rangesover a set of schemapaths
that have to be decomposedinto the schemapathsof the
mappingrules. For example,query ACB in Fig. 5 is com-
posedof three paths : Person, name and performed.-
has produced.has title. The algorithm presentedin Sec-
tion 5 tries to matcheachquery path with concatenations
of rule schemapaths.For examplequerypathperformed.-
has produced.has title is obtainedby concatenatingthe
schemapathsof rules

� �
and
� �

. By replacingtheschema
pathsby the correspondingconcatenationsof sourcepaths
we obtaintherewriting illustratedin Fig. 6.

select � /ARTIFACT/TITLE
fr om http://www.art.com//ARTIST �

where � /NAME = “Picasso”

Figure6: Query AEDFB
Query AEDFB canthenbe translatedinto an executableXML
query(e.g. the Quilt queryof Fig. 7). Query AEDFBHG is eval-

FOR IJ� IN document(“http://www.art.com”)//ARTIST
WHERE IJ� /NAME=’Picasso’

RETURN IJ� /ARTIFACT/TITLE

Figure7: Query AEDFBHG
uatedby the mediatoron the XML documentobtainedby
theURL in thedocumentfunction-callof thequery. In most
cases,thesizeof this documentis very importantcompared
to thefinal queryresult(the titles of Picasso’s artifactsonly
representa small part of the documenthttp://www.art.com)
anda bettersolutionwould beto filter asmuchdataaspos-
sible alreadyat the sourcelevel beforeforwardingit to the
mediator. Sucha filtering is possibleif the sourceis XPath
enabled.For example,query AEDFBG G in Fig.8 returnsthesame
resultasthepreviousone,but is completelyevaluatedat the
sourcelevel andthemediatoronly hasto forward the result
to theuser.
Observe thata “complete” rewriting of our treequeriesinto
XPath is not always possibleand somemore query pro-
cessingmight benecessaryat themediatorlevel. This issue
will bedescribedin moredetail in Section6.

3 RelatedWork
C-Webis basedon thestandardmodelfor querymediation:
usersformulatequeriesin termsof theontology(mediation
schema)and the portal (mediator)translatesthesequeries
andtheobtainedresultsaccordingto themappingrulesand
thesourcequeryfacilities.Querymediationhasbeenextens-
ively studiedin theliteraturefor differentkindsof mediation
modelsand for varioussourcecapabilities. Tsimmis [20],

YAT [7], Infomaster[14], InformationManifold [19], Tuk-
wila [21, 17] andPICSEL[15] areamongthemostpromin-
entexamplesof mediationsystems.Our approachis closely
relatedto the last threeof them which follow the local as
view approach,wheresourcesaredefined(independentlyof
othersources)asrelationalviewson themediatorschema.
In our case,sourcesaredescribedby simplemappingrules
relatingXML fragmentsto anontologyof conceptsconnec-
tedby rolesandorganizedin aconcept/subconcepthierarchy.
Moreprecisely, amappingruleis definedasacoupleof pathsK

and A where
K

is a standardXPath locationpathand A
is apathin theontology. Thedefinitionof abstractviews for
XML documentsasdescribedin [10] is a similar approach
adaptedfor large-scaleXML repositories.Thisapproachdif-
fersfrom oursin two points: (i) themappingrulesdonotuse
variablesin theirdefinitionand(ii) querytranslationis based
on anefficientbottom-uprewritting algorithm.
Other query rewriting algorithms [18] are basedon effi-
cientimplementationsfor evaluatingquerysubsumptionand
satisfiability. Among theseimplementations,our rewrit-
ing algorithm might be bestcomparedto the MiniCon al-
gorithm [21] which improvesthe bucket algorithm[19] by
consideringthe interactionof variableswith the available
views (rules)during query rewriting (insteadof generating
rewritings (buckets) for eachsubgoalindependentlybefore
combiningtheminto final queryrewritings).
OurapproachconsidersXPath[8, 24] enabledXML sources.
XPath is a treepatternlanguage which allows to character-
ize XML fragmentsaccordingto their positionin the docu-
menttree,their typeandtheircontents.WhereasXPathdoes
not havethefull expressivepowerof XML querylanguages,
the choiceof using XPath as part of a mappinglanguage
for XML documentsis interestingfor severalreasons.First,
XPathis alreadypartof otherXML-relatedlanguages[1] for
the transformation(XSLT [12]), linkage (XLink [11]) and
querying(XQL [22], XQuery[5] andQuilt [6]) of XML doc-
uments.Second,XPath is alreadyimplementedandusedin
avarietyof tools,for example,for extendingastandardWeb
server into anXPathserver3. Finally, it is usedby animport-
ant numberof XML developerswho do not have to learna
new languagefor writing mappingrules.

4 A Path Mapping Language for
XML

MappingrulesdescribeXML resourcesbyassociatingXPath
locationpathsto pathsin theconceptualschemaof anonto-
logy, denotedin the following asschemapaths. Given a
setof sources,the rulescanbe viewedasdefininga virtual
databasethatconformsto theconceptualschema,populated
by XML fragmentsand relationshipsbetweenthem. This
providesthe basisfor answeringqueriesposedon the con-
ceptualschemaby appropriatesetsof XML fragments.

4.1 XPath Location Paths

We rely on XPath-enabledXML resourcesto uniformly
query and retrieve (fragmentsof) XML documents. The

3Seefor examplefragserver, http://www.xml.com/pub/r/676.



FOR I%� IN document(“http://www.art.com//ARTIST[NAME=’ Picasso’]//-
ARTIFACT/TITLE”)

RETURN I%�

Figure8: Query AEDLBHG G

XML Path Language(XPath) [8] is a W3C Recommenda-
tion for addressingpartsof an XML documentusing loca-
tion paths. A locationpathis a sequenceof locationsteps.
Each location step is evaluatedin somecontext, which is
a setof XML nodes(elementsor attributes)definedby the
previouslocationstep.In general,thecontext of thefirst loc-
ationstepis definedby theroot nodeof theXML document,
specifiedby a URL. Locationstepscanbedecomposedinto
threeparts:

1. an axis, which specifies the structural relationship
(child, descendant,ancestor, attributeetc.) betweenthe
nodesselectedby thelocationstepandthecontext node,

2. a nodetest, which specifiesthe nodetype (node,pro-
cessinginstruction,comment,text) and the expanded
nameof thenodesselectedby thelocationstep,and

3. optionalpredicates, which usearbitraryexpressionsto
further refinethe setof nodesselectedby the location
step.

Location paths can be used in different ways. First,
a location path can be consideredas a pattern for se-
lecting XML fragments. For example, location path
http://www.art.com/descendant::ARTISTselects all XML
elementsof type ARTIST which are descendantsof the
root elementof theXML documentsin http://www.art.com.
Here, http://www.art.com is a URL defining the context
for location step descendant::ARTIST, in which descend-
ant is an axis and ARTIST is a node test. Second,loc-
ation pathscan be consideredas a way to navigate from
some node to other nodes in the document. In gen-
eral, an axis may specify not only a step down from a
node,asin the child anddescendantaxesillustratedabove,
but also sideways (axes following/preceding/following-
sibling/preceding-sibling) and upwards steps (axes par-
ent/ancestor).

Predicates: An importantfeatureis thepossibility to use
locationpathsin predicates,sinceit allows to selectnodes
accordingto the propertiesof relatednodesin the docu-
menttree. For example,predicate[child::NATIONALITY=
‘Spain’ andchild::ARTIFACT/child::TITLE = ‘Guernica’] is
true for all nodeswith a child of typeNATIONALITY with
content‘Spain’ anda child of typeARTIFACT with a child
of typeTITLE with content‘Guernica’.

Abbreviated syntax : Since child and descendantare
the most frequently used axes, there also exists an ab-
breviated syntax which takes the child axis by default
(if no axis is specified) and representsthe descend-
ant axis by a double-slash(//). For example, location
pathchild::A/descendant::B/child::C canbe abbreviated to

/A//B/C . In thefollowing, we will usethis abbreviatedsyn-
tax wheneverpossible.
In this paper, we focus on location pathsusing only the
child/descendantaxis and conjunctivetest predicatescon-
structedon node(element/attribute)namesandattributeval-
ues. The first restrictionguaranteesthat eachlocationpath
canbeevaluated“locally” on any XML fragmentof a docu-
mentwithout consideringthe restof the document.In Sec-
tion 6, wewill seethatthisconstraintis usefulfor querypro-
cessingwith XPath enabledWeb serversandcould be dis-
cardedwith the price of higher datacommunication. The
secondrestrictionreducesthe complexity of the query re-
writing algorithmasdescribedin Section5.

4.2 Ontologiesand SchemaPaths

An ontology is a 5-tuple M @ONQP�R � R 
/1�9�%8 , RTS �U�V , SWR 	�
�#X ,
where(i) P is asetof concepts,(ii)

�
is asetof binaryroles,

(iii) 
/1�-�%8 , and S �U�V , S maprolesto their domainandtarget
in P , respectively, and(iv) 	�
� is aninheritancerelationship
betweenconceptsin P . We assumethe usualpropertiesof
	Y
� . In particularit definesa hierarchyon P . We alsocon-
siderontologiesto be symmetric: eachrole �[Z � hasan
inverserole, denoted�U\ , in

�
(in Fig. 3 inverseroles are

within parentheses).Obviously, S �U�V , SWN �U\]X @ 
/1�-�%8 , N �JX ,
and 
/1�-�%8 , N � \ X @&S �U�V , SWN �JX .
Thesemanticsof anontologyis definedby thedatabases^?_
thatconformto it : ^?_ containsa setof objects(instances)
for eachconceptin P . Theseobjectsarerelatedby instances
of roles in

�
, which satisfy the typing constraintsimplied

by 
H/1�9�%8 , and S �U�V , S . Rolesaremulti-valued,i.e. any in-
stanceof concept
/1�9�%8 , N �`X canbe relatedto zeroor more
instancesof conceptS �a�V , SWN �`X by role � . The 	Y
� component
of M is interpretedassubsetrelationshipandroleinheritance.
Namely, if 8b	�
�c8dG , thenthesetof objectsof 8 is a subsetof
the setof objectsof 8dG andall rolesdefinedbetweensome
concepts8 and 8dG G arealsodefinedbetweenall subconcepts
of 8 and 8eG G respectively. We saythat 8 R 8dG are isa-related if
either 8 = 8 G , 8=	Y
�C8 G or 8 G 	�
�f8 . We alsodefine gh/1i N 8 R 8 G X
to denotetheconceptthatis lower in theisahierarchyasfol-
lows : gh/1i N 8 R 8dGjX @ 8 if either 8 @ 8dG or 8�	�
H�C8eG . We also
assumethat,in general,all pairsof conceptsthatarenot isa-
relatedaredisjoint.

Role paths and derived roles : A role path of length k
( kmlnB ) is a sequence� @ � �o4e4H4 �Hp , where �Hq areroles,
suchthatfor all B�rs	utvk , S �U�V , SWN �Hq�X and 
/1�-�%8 , N �Hqxw � X are
	Y
� -related.Thesourceandtargetof a role patharedefined
by thesourceandthetargetof its extremities: 
/1�9�18 , N �`X @

H/1�9�%8 , N � � X and S �U�V , SWN �JX @yS �a�V , SWN �Hp9X . Clearly, thecom-
positionof a role path � anda role path �%G , denoted��z��%G ,
is well-definedprovided that S �U�V , SWN �`X and 
H/1�9�%8 , N �%G{X are
	Y
� -related.



Fromthedefinition it resultsthatall rolesin
�

arealsorole
pathsof| length1. For example,role performedis a role path
of length1 with sourceActor andtargetActivity. A rolepath
� of length }nB definesa derivedrole denotedby �%/Jg , N �`X ,
from instancesof its sourceconceptto instancesof its tar-
getconcept.For example,role pathtechnique.usedmaterial
defines a derived role, �%/Jg , NhS , 8 6 k~	Y$1� ,U4 �0
 ,13 2�� S , �1	Y�'g�X ,
betweenconceptMan Made Object andconceptMaterial.
To understandthesecondconstraintin thedefinitionof role
paths,let us considerrole pathsof lengthtwo. A sequence
� � 4 � � canbe viewedasa derivedrole whoseevery instance
connectsan instance/ of 
H/1�9�%8 , N � � X with an instance/%G ofS �U�HV , SWN � � X , throughan intermediary/%G G that mustbe an in-
stanceof both S �U�V , SWN � � X and 
/1�9�%8 , N � � X whichis only pos-
sibleif S �a�V , SWN � � X and 
/1�-�%8 , N � � X areisa-related.

Conceptpathsand virtual concepts: A conceptpath
)

is
eitherof theform 8 , or a sequence8 4 � , where 8 is a concept
and� is arolepath,suchthat 
H/1�9�%8 , N �`X and8 are	�
� -related.
The lengthof

)
is � in the first case,andthe lengthof the

role path � in the secondcase. The 
H/1�9�%8 , and S �a�V , S of
conceptpath 8 is 8 itself. Thesourceandtargetof

) @ 8 4 � are
definedas: 
/1�9�%8 , N ) X @ 8 and S �U�V , SWN ) X @�S �a�V , SWN �`X . The
compositionof a conceptpath

)
anda role path � , denoted) zb� , is well-definedprovidedthat S �U�V , SWN ) X and 
/1�9�%8 , N �`X

are 	�
� -related.
A conceptpath

) @ 8 4 � canbeviewedasdefininga virtual
concept, standingfor “the instancesof S �U�V , SWN ) X that can
be reachedfrom 
H/1�9�%8 , N ) X by following the roles in

)
, in

order”. We denotethe virtual conceptdefinedby a concept
path
)

by 8d/1k�8 N ) X . Given a databasethat conformsto M ,
extentsof virtual conceptsareuniquely-defined.
Observe that conceptscan only appearat the beginning
of a conceptpath and it is not possibleto restrict derived
roles to subconcepts.For example,we could specializea
conceptpath

) @ 8 4 � �J4 � � by introducinga subconcept8dG of
g{/1i N�S �U�HV , SWN � � X R 
/1�9�18 , N � � XTX :

) G @ 8 4 � �%4 8dG 4 � � . The virtual
concept 8d/1k�8 N ) GxX definedby path

) G would obviously be a
subconceptof thevirtual concept8d/1k�8 N ) X definedby path

)
(in asimilarway, thisholdsfor derivedroleswith intermedi-
ateconcepts).Whereasthis introducesexpressive power to
themodel(mappingrulesandqueriescanbemore“precise”)
it complicatesnot only definitionsandbut alsoqueryrewrit-
ing. In this paper, for the sake of simplicity andclarity, we
presenta simplemodelwhereintermediateconceptsarenot
consideredneitherin conceptpathsnor in derivedroles.

View ontologies: Givenanontology M , asetof rolepaths�
anda setof conceptpaths� in M , we candefinea view

ontology Mc� @�N�P � R � � R 
/1�9�18 , � RTS �U�V , S � R 	�
�#�bX . The
setof conceptsP � is initialized by thesetof all virtual con-
ceptsdefinedby conceptpathsin � . As in theoriginalonto-
logy, the sub/superconceptrelationship	�
� � hassubsetse-
mantics. Clearly, given a databasethat conformsto M , the
extentof 8d/1k�8 N ) X is a subsetof the extentof S �U�V , SWN ) X and
all of its superconceptsin M . Hence,by extensionwe say
that 8d/1k�8 N ) X is a subconceptof S �U�HV , SWN ) X . In thesequel,we
alsodefineconceptinheritancebetweenvirtual conceptsand
their “suffix”. A suffix of a conceptpath

)
is obtainedby re-

moving aprefix,andaddinganappropriateconceptin thebe-

ginning.Forexample,if
) @ 8 �%4 � �%4 � �`4 � � , then 
H/1�9�%8 , N � � X 4 � �

and 
/1�9�18 , N � � X 4 � �U4 � � aresuffixesof
)
. It canbeseenthatthe

extentof
)

is a subsetof theextentany of its propersuffixes
(andconsequentlyasub-conceptthereof).� � is the setof derived roles,definedby the role pathsin�

. Let
)

bea role pathin
�

. Then, �%/Jg , N ) X is a derivedrole
in M � between
/1�9�18 , N ) X and S �a�V , SWN ) X . Similarly, extents
(i.e. setsof pairs)aredefinedfor the rolesof ME� . Thus,a
databasethat conformsto M inducesin a naturalmannera
databasethatconformsto Mc� .

4.3 Mapping Rules

Let � be a set of variables,and � be a set of URLs. A
mappingrule is anexpressionof theform

� �U�#"J$f� �'
��a� �)
, where

� � is therule’s label,

� �?Z������ , therule’s root, is eitheravariableor aURL,

� $ is anXPathlocationpath,

� � �'
��a� is an optionalbinding of � , where ��Zy� is a
variable,and

� ) is a schemapath: moreprecisely,
)

is a role pathif �
is avariableanda conceptpathotherwise.

Rule
�

is calleda relativemappingrule if its root is a vari-
able � , andanabsolutemappingrule otherwise.In thefirst
case,� is the root variable of

�
, and this occurrenceof �

is a useof the variable. If the optionalcomponent�'
=� oc-
cursin

�
, thentherule is calledabindingrule for variable� .

Let g ) N � X R 
 ) N � X denote
�

’s locationpathandschemapath,
respectively.
Givenasetof mappingrules,wedefinereachability for rules
andvariables,asfollows: Eachrulewhoseroot is aURL or a
reachablevariableis reachable,andeachvariableboundin a
reachablerule is reachable.A mapping� over M is asetof
mappingrulessuchthat1) labelsareunique(that is, no two
ruleshave the samelabel),2) all rulesarereachable(hence
soareall variables)and3) theconceptsandrolesusedin its
rulesoccurin M .
Note that thebinding-userelationshipsbetweenvariablesin
a mappingmaybe cyclic. Thesimplestcaseof a cycle is a
rule whoseleft-hand-sidecontains�#"W���'
�� (provided that
� canbereachedfrom a URL by otherrules).A mappingis
cyclic if it containsabinding-usecycle.
Although we have allowed the bindingclause�'
C� in rules
to be optional, for many of the definitionsin the sequel,it
is convenientthateachrule hassucha clause,andfrom now
weassumethatthisis thecase.Obviously, new (anddistinct)
dummyvariablescanbeaddedto � , to satisfythis require-
ment. However, this assumptionis purely for presentation
purposes.A designerof a mappingmay includethemonly
whenthey areusefulfor thedesign.

Concatenation of mapping rules : Two rules
��� �

�'"J$ � ��
�� � ��) � , � � ��� � "%$ � � �'
�� � � ��) � , canbe con-
catenated, if thecompositionof their schemapaths,

) � z ) �



is well defined4. Note the constraintthat the root of
���

is
boundin

� ���
and that concatenationis possibleonly if

)5�
is a role path. The result of the concatenationis the rule���J4 ��� �`�#"J$ � "J$ � � �'
�� � � ��)9� z )-� .
Givenamapping� , its closure is thesetof all rulesthatcan
beobtainedfrom � by repeatedconcatenation.It is denoted
by ��� . Its expansion, denoted �� , is thesetof absoluterules
in � � ( �� �o� � ). Notethatif � is cyclic, then � � and ��
areinfinite, andthesesetscanbecomputedby a bottom-up
fixpoint computationotherwise(when � is acyclic).

Finite representationof cyclic mappings : Although �
itself canbeviewedasa finite representationof � � and �� ,
when � hascycles,thefollowing alternative representation
is useful in the sequel.Recall thata rule of � � is the con-
catenationof a sequenceof rulesof � . Sinceeachof these
bindsa variable,thereis a sequenceof variablesassociated
with intermediatepoints in the concatenatedrules. For ex-
ample,if

���
binds � � , ��� binds � � , and

���
alsobinds � � ,

thenif
���14 ���`4 ���

is defined,it hasa cycle, sinceit visits � �
twice. For a relative rule, thereis alsoa variableassociated
with its startingpoint. We call a rule of � � (absoluteor rel-
ative)acyclic if it hasno cycle, i.e. it doesnot visit thesame
variabletwice. Wecall a relativeruleof � � aminimalcycle
for variable � if its root aswell asboundvariableis � andit
doesnot occurin betweenandno othervariableoccursin it
morethanonce.
Obviously, if � is acyclic, thenall rules in � � are acyc-
lic, andthe setof minimal cyclesis empty. If � is cyclic,
then the closureof the setof acyclic rules in � is a finite
andpropersubsetof ��� . Now, considera rule

� @ � � 4 � �
of � � , where

� q R 	 @ B R¢¡ aresequencesof rulesin � , and
assumethe boundvariableof

� �
is � . If

� G is a minimal
cycle for � , then

�
canbeexpandedto anew rule,by insert-

ing
� G between

���
and
���

, providedthat theconceptpaths
of
��� R � G R ��� canbe composed.It is easy to seethat any

rule of � � canbe obtainedfrom acyclic rulesby repeated
expansions.Thus,the collectionsof acyclic rulesandmin-
imal cyclesof ��� area finite representationof ��� with re-
spectto expansion(theinformationaboutwhichshortruleor
minimal cycle canbeexpandedat a givenpoint with which
minimal cyclecanalsobefinitely represented).

Inter pretation of mapping rules : Given an ontology
M , a mapping � over M defines a view ontology
M�£ @*N�P £ R � £ R 
/1�9�18 , £ RTS �U�V , S £ R 	Y
�'£�X where P £
is defined by the conceptpaths of absoluterules in ��
and
� £ is the set of derived roles of relative rules in

��� . For example, rule
���%4 ���

definesa virtual concept,
8d/1k�8 N K�, �J
/1k 4 )5, �J.0/1�2 ,135476 ��
 ) �%/ 3 �08 ,13 X , and rule

���
defines a derived role, �1/Jg , N )5, �J.0/1�12 ,13-4 6 �'
 ) �%/ 3 �98 ,13 X ,
betweenconceptPerson andconceptMan Made Object.
Clearly, if � hascycles,then M £ hasaninfinite setof con-
ceptsandroles.
A mapping� allowsusto view acollectionof fragmentsof
XML documentsreachablefrom theURLsin � asadatabase
thatconformsto M £ . To definethisdatabase,thepopulation

4We do not defineany restrictionon theconcatenationof locationpaths
(rule left-hand-sides).

of eachvirtual concept,8d/1k�8 N ) X , is definedasthe union of
the set of fragments“returned” by all absoluterules

�
in

�� where 
 ) N � X @ ) or
)

is a suffix of 
 ) N � X . The setof
fragments¤C¥ returnedby someabsoluterule

�
is defined

inductively asfollows. Initially, ¤?¥ is emptyfor all absolute
rules

�
. We startwith the setof absoluterulesin � . The

rootof anabsoluterule
�

is aURL � and ¤C¥ is assignedthe
setof XML fragmentsthatcanbeobtainedby applyingthe
locationpath g ) N � X to the XML documentidentifiedby � .
Now, we repeatthe following stepuntil no further changes
occur : selectan absoluterule

�
and a relative rule

� G��
�'"J$¦�'
§� �¨) in � suchthat the concatenation

�©4 � G is
definedandaddto ¤ ¥<ª ¥0« all theXML fragmentsthatcanbe
reachedfrom thefragmentsin thecurrentvalueof ¤ ¥ by the
locationpath g ) N � GjX .
Similarly, the relative rules of � � are interpretedas roles
of M £ in this databaseof XML fragments,representedby
location paths. For an absoluterule

�
and a relative rule� GF�0�#"%$C�'
¬� �) in � suchthat theconcatenation

�¬4 � G
is defined,g ) N � G®X representsthe role of 
 ) N � GxX betweenthe
extentof 8d/1k�8 N 
 ) N � X¯X andthatof 8d/1k�8 N 
 ) N �©4 � GjXTX .
Before leaving this subject,we note that as mappingrules
maybeaddedto a mapping,for examplewhennew sources
areadded,theXML extentsdefinedasabovefor theconcepts
canbeviewednot asthefull extents,but ratherassubsetsof
thereal(but unknown) extents.However, sincequeryevalu-
ationmayonly usecurrentlyknown information,this hasno
real impacton it.

5 TreeQueriesand Query Rewriting
The userviews the community-webportal asa singledata-
baseof fragmentswithoutknowledgeof thesourceonwhich
eachfragmentis located.We might thenconsidereachfrag-
mentasan objectwhoseidentity is the locationpathof the
fragment. Given a mapping � , we have seenabove that
it allows us to organizeXML fragmentsinto collectionsof
instancesof conceptsM £ , and also to view certainXML
pathsasrepresentingrolesof M�£ . It follows thatonecanin
principlequerythisdatabaseof fragmentsusingaquerylan-
guage,suchasOQL, the standardfor queryingobjectdata-
bases.Theanswerof a queryis definedin thestandardman-
ner, usingthesemanticsof querieson objectbases.
However, eventhoughtheansweris well-defined,anefficient
evaluationrequiresthatweuseeffectively themapping� to
translatethe queryinto oneor morequerieson the sources.
Our ability to do so may dependon the form of the query.
This subjectis taken up in the next sectionwherewe intro-
ducea query languagefor C-Web portalsanddiscusshow
mappingrulescanbe usedin the evaluationof queriesex-
pressedin this language.

5.1 TreeQueries

While a key-word basedsearchis simple to use, it hasa
limited expressive power. On the otherhand,a full-fledged
query languagesuchasOQL is powerful but may prove to
betoocomplex for many users.We presenta treequerylan-
guage asan intermediarysolution that is easierto use,yet
sufficiently powerful for mostneeds.



ThetreequerylanguageisbasedonanOQL-likesyntaxwith
select-fr° om-where clauseson schemapaths. For example,
thequery A ¡ in Fig. 9 findsthenameof thepersonthathas
produceda man-madeobjectwith title “Mona Lisa”.

select (
fr om Person� ,

� .hasname(
� .performed.hasproduced.hastitle 8

where 8 = “Mona Lisa”

Figure9: Query A ¡
More formally, a treequery A is anexpressionof theform :

Q: select + q , +'± , ...
fr om

, � + � ,, � + � ,
..., q-+-q ,
...

where 8d² and 8 � and ...

wherethe +9q ’s arevariablesandeach
, q in the fr om clause

is either(1) a conceptpathdefininga virtual concept(of the
form 8 q or 8 q 4 � q , where 8 q is a conceptand � q is a role path)
or (2) a variable + q followed by a role path � q (of the form
+'± 4 � q ). In thefirst case8 q / 8 q 4 � q , andin thesecondcase� q , are
calledthebindingpathof + q , denoted( ) N + q X . Wedistinguish
betweenthetwo casessincein thefirst

, q is a concept(pos-
sibly virtual) overwhoseextent +9q ranges;in thesecondcase,
+-q rangesover the conceptdefinedby traversingthe role �q
from theconceptof + ± .
No restructuringis allowed in the selectclause. Although
this mayaddexpressive power to the language,we feel it is
not strictly neededfor ourapplication.Furthermore,restruc-
turingisperformedattheintegrationsite,henceisorthogonal
to theissueof retrieving datafrom sources,addressedin this
paper.
The where clauseis a conjunction of simple predicates,
wherea simplepredicateis of theform 8H³f´ + q�µ 3 in which
µ Z·¶ @¬R t R } R r R l�¸ and

3
is anatomicvalue.Thus,it is not

possibleto expressjoinsby equalitiesbetweenvariables,i.e.,
by predicatesof theform + q @ +'± . This restrictstheexpress-
ive power of thequerylanguagebut simplifiestherewriting
andevaluationof queries.
Note that schemapaths appearexclusively in the fr om
clause. They do not appearin the selectclausenor in the
whereclauseof aquery. Thissyntaxsimplifiesthepresenta-
tion of ourrewriting algorithm.It is easyto show thataquery
with schemapathsin theselectandthewhere clausecanbe
rewritten into anequivalentqueryin which they appearonly
in thefr om clause.
Finally, the languagehasno quantifiers,aggregates,or sub-
queries. But, a variable + ± presentin the fr om clausebut
not in theselector where clauses,is implicitly existentially
quantified. Thus, querieswith certainkinds of existential
quantificationcanbetranslatedto theaboveform.

Treerepresentationof tr eequeries : We assumethe ex-
istenceof a partial order t on the variables,such that if
+ ± 4 �HqL+9q occursin the fr om clause,then + ± t¹+-q . Thus,
the fr om clausecanberepresentedasa forest,with thevari-
ablesasnodes,andanedgeconnectingparent+ ± to child +9q
if + ± 4 �q'+-q occursin theclause.In addition,sincenojoinsare
allowedin thewhereclause,aquerycanberepresentedby a
forestanddecomposedinto a crossproductof severalquer-
ieseachof which is representedby a tree. Therefore,in the
following andwithout lossof generality, werestrictattention
to treequerieswith exactly onevariableboundby a schema
path.
We representa query A as a labeled tree º N AEX @N ¤ R ) �U� R ( ) R / ) 
1X wherea nodeis labeledby a variablein ¤
(the setof variablesin A ),

) �U� is the parentbinary relation
betweennodesdefinedby the partial orderon variables,( )
mapsthenodeto thevariablebindingpathand / ) 
 mapsthe
nodeto a setof operations:

� for eachvariable+ , add » to / ) 
 N +~X ,
� for eachvariable+ in theselectclauseof $ , add ¼ to the

setof operations/ ) 
 N +~X ,
� for eachpredicate+ µ 3 in thewhereclause,add ½5¾1¿¢À to
/ ) 
 N +~X .

Fromtheabovedefinition,it resultsthatif avariable+ occurs
only in the fr om clause,then / ) 
 N +0X @ ¶%»9¸ .
5.2 Query Rewriting Algorithm

Treequeriesareevaluatedon thedatabaseinducedby some
mapping � . In the following, we presenta binding al-
gorithmthatbindsvariablesin atreequery A to rulesin � � .
The resultis a setof suchvariable/rulebindingsthatcanbe
usedto rewrite treequeriesinto standardXML queriesus-
ing XPath locationpathsfor instantiatingvariables. Query
evaluationis describedin Section6.

Binding variables to rules : Take, for example,query A ¡
in Fig. 9 andthe mappingshown in Fig. 4. Intuitively, rule� �

might beusedto find personsfor variable � , rule
� �

can
beusedto find thenamesof thesepersonsfor variable( , and
theconcatenationof rules

���`4 ���
canbeusedto find values

for the variable 8 . The setof associations¶1�oÁÂ ��� R (ÃÁÂ��� R 8�ÁÂ ���J4 �=� ¸ providestheinformationaboutwhichrules
from the closure � � 5 canbe usedfor translatingthe query
to querieson theXML sources.
First, let usintroducethenotionof prefixof a tree º . Wesay
thatatreeº�G isaprefixof atreeº if its setof nodesisasubset
of thesetof nodesof º , its setof edgesis the restrictionof
º ’s set of edgesto that subset,and its root is the sameas
thatof º . Note that it follows from thedefinition that if º=G
containsanon-rootnodeof º , thenit containsthenodesand
edgesup to º ’s root. Formally, a variable to rule binding,
or shortly variable binding, for a query A is a mapping Ä
on a set,denoted

3 /12 N ÄÅX , that is eitherempty, or is the set
of nodesof a prefix of º N A¬X . A variablebinding is full if it

5Recallthat ÆÃÇ containsall concatenationsof rulesin Æ .



is definedon all variablesof A , andpartial otherwise.The
emptybinding

È
is denotedÄ9É .

If
3 /12 N ÄÅX is not empty, then Ä associateseachvariablein it

with a rule of � � , suchthatthefollowing holds:

1. if + is the root of query A , then Ä N +0X is an absolute
mappingrule suchthat thequerybindingpath ( ) N +~X of
variable + denotesa superconceptof 8e/1k�8 N 
 ) N Ä N +~XTX¯X
in the view ontology M £ , i.e. 8e/1k�8 N 
 ) N Ä N +~XTX¯X�	�
� £
8d/1k�8 N ( ) N +0X¯X .

2. else,let
) �U� N +~X @ +-G , then

� the root variable of rule Ä N +0X is bound in rule
Ä N +9GjX ,� therole pathof rule Ä N +~X is equalto therole path
( ) N +0X and� thecompositionof therolepathsof therules Ä N +-G{X
and Ä N +~X is well-defined,hencetheconcatenation
of thetwo rulesis well-defined.

Regardingthefirst case,if + is therootof A , thenit is bound
to some,possiblyvirtual conceptby its bindingpath ( ) N +~X ,
thathasthe form 8 or 8 4 � . An absoluterule canprovide in-
stancesfor thisconceptif its schemapath,viewedasavirtual
concept,is a sub-conceptof 8 or 8 4 � . In thefirst case,8 is a
conceptof M that is a superconceptof 8e/1k�8 N 
 ) N Ä N +~XTX¯X . In
the secondcase8 4 � is a virtual concept,andit is a suffix of
or equalto 
 ) N Ä N +0XTX . For the secondcase,the assumption
that if Ä is definedon + then it is definedon the parentof
+ follows from therequirementthatits domainis a prefix of
º N A¬X . In this case,the declarationof + in A hasthe form
+-G 4 $=+ , and ( ) N +~X @ $ . Answersfor + canbeobtainedfrom
answersfor +-G , by following thebindingpath $ of + .
For example,for query A ¡ in Fig. 9, thequeryroot variable
� is boundin thequeryto the(real)conceptPerson. In this
case,rule

� B with schemapath 
 ) N � � X =Person provides
a binding for � . The binding path of variable ( in A ¡ is
has name, soweneedarelativerulewhoseschemapathuses
thevariableboundby rule

���
anddefinestherolehasname;���

is sucha rule. Similar reasoningappliesto the binding
for variable8 .
In query A�Ê illustrated in Fig. 10, the query root vari-
able � is bound to a virtual concept. Instancesfor it
may be found from absolute rules that have the bind-
ing path of � as a suffix;

���%4 ���
with schemapath Per-

son.performed.has produced is sucha rule.

select (
fr om Activity.hasproduced� ,

� .consistsof ( ,
� .hastitle 8

where 8 = “Mona Lisa”

Figure10: Query A�Ê
Givena query, we needto find all thefull variablebindings.
Indeed,eachsuchbindingprovides,asshownbelow, asubset
of theanswer. By taking theunionof all theseanswers,we

haveamaximalanswer, with respectto thegivensourcesand
thegivenmapping.

Calculating variable bindings : A generalalgorithmfor
finding variable bindings is sketchedin the following. It
startswith theuniqueemptypartialbinding.Thenit entersa
loop. In eachpassthroughtheloop, it selectsa partialbind-
ing on 	 variables,andextendsit to onemorevariable,using
someruleof � � 6. Notethatto extendtheemptybinding Ä É ,
we needto useanabsoluterule of � � , whereasto extenda
non-emptybindingweusearelativeruleof � � . In thelatter
case,thebindingcanbeextendedto a new variableonly if it
is alreadydefinedfor its parent.

Variable binding algorithm (sketch) :

Input: query A , with rootvariable+ � ;
mapping� ;

Output: asetof variablebindings;
Algorithm: initialization: let _ @ ¶HÄ0É'¸ ;

loop: while _ changesdo ¶
selecta partialbinding Ä from _
anda rule

�
in � �

suchthat
�

extendsÄ to Ä�G
let _ @ _Ë�Ã¶Ä�Gh¸

¸
Result: outputthefull bindingsin _ .

As anexample,we will createthesetof variablebindings _
for query A ¡ of Fig. 9 in threesteps. The algorithmstarts
with thesingleton_ @ ¶Ä9ÌJ¸ containingtheemptyvariable
binding. Thefirst stepextendstheemptybindingwith bind-
ing Ä � @ ¶1�?ÁÂ � � ¸ : Rule

� �
is theonly (absolute)rule in

� � with schemapath 
 ) N � � X thebindingpathof variable�
is asuffix of. Thesecondstepextendsbinding Ä � by binding
rule
� �

to variable ( . Then, Ä � @ Ä � �s¶1(ÃÁÂ � � ¸ . The
third stepfinally resultsin binding Ä � @ Ä � ��¶8�ÁÂ � � 4 � � ¸
and _ @ ¶HÄ0Ì R Ä � R Ä � R Ä � ¸ is thebindingsetproducedby the
abovealgorithmfor query A ¡ andmapping� in Fig 4. The
algorithmreturnstheonly full variablebinding Ä � in _ (ob-
viously thealgorithmmightgeneratemorethanonefull vari-
ablebindings).
An obvious problemwith this algorithm is that it may not
terminate. When � containscycles, � � is infinite, and
rulesof � � arerepresentedby arbitrarylong concatenable
sequencesof rulesof � .

Acyclic Mappings : Let us temporarilyassumethat � is
acyclic. The algorithm can be optimizedin several ways.
First,since � � is finite andit is ratherstable,henceusedfor
many queries,it canbecomputedin advance.Weexpect � �
to be of tractablesizein mostpracticalcases,but of course
we incur therisk of adegeneratedcasewhereit is not. In the
following weassumetheprecomputationof � � . Recallthat
for eachrule in � � , its root is a variableor a URL, andit
bindssomevariable.
An obvious improvementof the previous generalnaive al-
gorithm is to computethe partial bindingsusing eachone
just onceto computeall its extensions.For that,we choose

6Therulesin ÆÃÇ aresequencesof rulesof Æ .



Input: thesequenceof variablesof query A , in pre-order:+ � R 4e4e4 R + p ;
thesetof mappingrules � � ;

Output: a setof full variablebindings;
Algorithm: initialization: let _ ² @ ¶HÄ É ¸ ; _ q @�Í�R 	 @ B R 4e4e4 R k

loop: for eachabsoluterule
�

of � � , if 
 ) N � X is asub-conceptof ( ) N + � X
then _ � � @ _ � �Î¶+ � ÁÂ � ¸

loop: for 	 @�¡'R 4e4e4 R k�¶
loop: for eachbinding Ä from _�q \

�
andrule

�
in ���L¶

if
�

’s root is boundby therule associatedwith +-q ’s parent,say Ï in Ä ,
and 
 ) N � X @ ( ) N +-qYX ,
andthecompositionof 
 ) N Ä N Ï5XTX and 
 ) N � X is well-defined,

then _�qÐ� @ _�q-��¶HÄ���¶H+9q�ÁÂ � ¸`¸
¸
now _ q \

�
canbediscarded

¸
Result: theset _ p .

Figure11: Variable binding algorithm

for thevariablesof thequerytreeany orderin which theroot
is first, and every other nodeoccursafter its parent. This
ensuresthat whenwe try to extenda binding to a variable,
it is alreadydefinedon its parent. Without lossof general-
ity, let us assumethat the variablesof the treearearranged
in pre-order: + � R 4H4e4 R + p . A binding is representedasa vec-
tor of associationsof variablesto rules,in thatorder, namely
¶H+ � ÁÂ � � R 4e4e4 + p ÁÂ � p ¸ . Hereis the new versionof the
algorithm,illustratedin Fig. 11.
In thefirst step,weextendtheemptybindingto therootvari-
able + � . For eachabsoluterule

�
in � � suchthat 
 ) N � X is

a subconceptof thebindingpath ( ) N + � X 7, we createa bind-
ing ¶H+ � ÁÂ � ¸ . Then,we iteratethroughthe sequenceof
variables,from theleft. Assumewehavelastvisitedvariable
+-q \
�

( 	�}ÎB ), andhave constructeda setof partialbindings
thataredefinedonall variablesupto andincluding +9q \

�
. Let

+-q be the next variable,andlet Ï be its parent.Necessarily,
all the bindingswe have constructedaredefinedon Ï . For
eachbinding Ä , assumeit associatesrule

� G with Ï , andthat
variable � is boundin

� G . Then,for eachrelative rule
�

of
� � whoseroot is � , if the schemapathsof

� G and
�

can
be composed,we extend Ä by + q ÁÂ � . Note that theedge
from Ï to + q is ‘traversedin this step,andonly in this step’.
After all bindingsthataredefinedup to andincluding + q are
computed,all previous partial bindingsthat arenot defined
on +-q canbedropped.
It is easyto provethatif Ä is a full variablebindingsuchthat
theconditionsdefinedin Section5.2hold,thentherestriction
of Ä to theprefix + � R 4e4H4 R + ³ ( ��r :�t�k ) is in _ ³ and Ä is
in _�p . It is alsoobviousthateachmemberof _�p produced
by thealgorithmsatisfiesconditionsin Section5.2,henceis
a legal binding. Thus,the algorithmproducespreciselythe
setof legalbindings.

Denotethe maximumlength of ( ) N +-qYX by Ñ�( ) N +-qYXÒÑ . We
observe thatpartof the conditionfor extendinga binding Ä
with ¶+-q<ÁÂ � ¸ , where+-q is not therootvariable,andwhere

7The(virtual) conceptdenotedby Ó�ÔÖÕ�Ó¯×{Ø�Ùa×hÚ<Û�Û

�
is a relative rule of � � , is that ( ) N +-qQX @ 
 ) N � X . Thus,

all weneedto do for this caseis to computeall relativerules
of ��� for which the length of the role path is limited by
Ñb( ) N +-qYXÃÑ . Recall that eachrelative rule is a concatenable
sequenceof rulesof � , and that relative rulesof � have
schemapathslongerthanzero. It followsthat ÑJ( ) N + q XLÑ is an
upperboundto thelengthof sequenceswe needto consider.
Thus, in the algorithm above, ratherthanusingall relative
rulesof � � in the loop, we useonly thosewhoseschema
path length is limited by Ñ=( ) N + q X[Ñ and, as far as relative
rulesareconcerned,we neednot worry aboutwhether� is
cyclic.

Cyclic Mappings : Now, considerthecasethat � � is cyc-
lic, andthe caseof the root variable + � . Here,an absolute
rule
�

in � � needsto satisfy the condition that ( ) N + � X is
a suffix of 
 ) N � X ( 
 ) N � X definesa sub-conceptof N ( ) N + � X ).
Now, sucharule is theconcatenationof oneabsoluterule

� G
of � , with a (possiblyempty)sequence

� G G of relative rules
in � . In thefirst case(

� G G is empty),
� G is a candidaterule

for + � . In thesecondcase,
� G G is a relative rule in � � . Then

let usfirst considerall relativerules
� G G of � � (possiblywith

cycles),wherethelengthof their schemapathis at mostthat
of ( ) N + � X (it is obviousthatthesetof suchrulesis finite). For
eachsuchrule

� G G , we try to match 
 ) N � G G X , from the right,
with ( ) N + � X . Therearetwo casesto consider:

1. 
 ) N � G G{X matchesa suffix of ( ) N + � X , i.e. ( ) N + � X @)�4 
 ) N � G GjX where
)

is aschemapathof length } 0. Then,
for eachabsoluterule

� G of � suchthat
)

is a suffix of

 ) N � GjX , if

� G 4 � G G is defined,thenit is anabsoluteruleof
� � suchthat ( ) N + � X is asuffix of 
 ) N � G 4 � G GjX .

2. 
 ) N � G G{X matchesall of ( ) N + � X , i.e. ( ) N + � X is a suffix
of 
 ) N � G GxX . Let

� G G ’s root variablebe � . Thenfor each
absoluterule

� G of ��� that binds � , if the concaten-
ation

� G 4 � G G is defined,then ( ) N + � X is alsoa suffix of

 ) N � G 4 � G G{X . Sucharule

� G is necessarilyobtainedfrom
anacyclic rulethatbinds � , by expandingit any number
of timeswith minimal cycles.



It can be seenthat all candidaterules for + � fall into one
of the two cases.While we canprovide a full enumeration
of all the candidaterules that fall into the first case,in the
secondcase,all wecandois to list the(finite) setof candidate
acyclic rules, and the (finite) collection of minimal cycles
(seeSection4.3 for the definition of minimal cycles). The
lattercanbeprunedto relevantcycles,asfollows : definea
minimal cycle to be relevant if its root (andbound)variable
occursin a candidateacyclic rule, or in a relevant minimal
cycle, and the compositionof the relevant schemapathsis
well-defined.
Thefirst stepof thealgorithmfor theacyclic casecanbeeas-
ily adaptedto provideall bindingsthatfall into thefirst case,
andall bindingsusingtheconcatenationof anacyclic abso-
lute rule with a relative rule whosederived role haslength
boundby Ña( ) N +9qQX=Ñ ( 	F}�B ). Of course,we expectthatwhen
bindingsthatfall into thesecondcasearefound,queryevalu-
ationwill needto dealwith minimalcycles,andthuscontain
someform of a fixpoint computation.

6 Query Processing
6.1 Evaluating TreeQuerieswith Quilt
Let _ beasetof full variablebindingscalculatedby thefore-
going algorithmfor somequery A andmapping � . Then
eachvariablebinding Ä in _ can be usedto createa new
query AED whereconceptpathsin A arereplacedby XPath
locationpaths.More precisely, we canobtaina first rewrit-
ing of A by replacingeachconceptpath ( ) N +~X in A by the
correspondingXPath locationpath g ) N Ä N +~XTX . For example,
for query A ¡ in Fig. 9 and mapping � shown in Fig. 4,
the previous binding algorithm returnsa completebinding
Ä @ ¶��ÁÂ � � R (�ÁÂ � � R 8�ÁÂ � � 4 � � ¸ which canbeapplied
to query A ¡ by replacingeachbindingpath ( ) N �#X R ( ) N (eX and
( ) N 8HX by thecorrespondinglocationpath g ) N Ä N �#XTX , g ) N Ä N (HXTX
and g ) N Ä N 8HXTX . Theobtainedqueryis illustratedin Fig. 12.

select (
fr om http://www.art.com//ARTIST � ,

� /NAME ( ,
� /ARTIFACT/TITLE 8

where 8 = “Mona Lisa”

Figure12: Query AED ¡
This querycaneasilybe expressedin any XML querylan-
guageusingXPath for binding variablessuchasQuilt [6],
XQL [22] andXQuery[5]. For example,thefollowing trans-
lationof treequery AED ¡ into aFLWR expressionof theQuilt
languageis straightforwardandis illustratedin Fig. 13.
After loading the root of the documentreachedfrom URL
http://www.art.com, query A¬D ¡ G couldbedirectly evaluated
by a Quilt queryengine(e.g. Kweelt [23]) at theintegration
(mediator)site. It is evident that this is not very efficient if
thesizeof thedocumentis largecomparedto thesizeof the
final result. Indeed,if the sourcehassomequerycapabilit-
ies, it might bepossibleto pushsomefiltering to thesource
level. In the following, we assumeXPath enabledsources.

FOR I%� IN document(“http://www.art.com”)//ARTIST,
IJ( IN IJ�'" NAME,
I%8 IN IJ� /ARTIFACT/TITLE

WHERE I%8 = “Mona Lisa”
RETURN IJ(

Figure13: Query AED ¡ G

Then,for example,if http://www.art.comisanXPathenabled
webserver, therewriting of query AED ¡ G into query AED ¡ G G of
Fig. 15candirectly beevaluatedby thesourceitself.
The source location path in query AED ¡ G G
(http://www.art.com/ARTIST[ARTIFACT/TITLE=’Mona
Lisa’]/NAME) returnsa setof XML fragments[16] which
areboundconsecutively to variable IJ( andforwardedto the
user.
This illustratesthat a query or at leasta part of it can be
evaluatedby XPathenabledsourcesin orderto minimizethe
volumeof dataexchangedbetweenthe sourceand the me-
diator. Becauseof theXPathparticularities,it is not always
possibleto obtain a completerewriting of the initial query
into a singleXPath expression.This is dueto the fact that
XPath is a patternlanguagefor XML nodes,but cannotcre-
ate new nodes(as it is possiblein our treequery language
by using projection). For example, the sourcequery AEDÜÊ
in Fig. 14 returnsa setof couplesN 3 R , X where

3
is the title

and
,

is thematerialof anartifactcreatedby VanGogh(each
couplecorrespondsto anew nodewith two children).

FOR I%� IN document(“http://www.art.com”)//ARTIST,
IJ( IN IJ� /NAME, I%8 IN I%� /ARTIFACT,
I 3 IN I%8 /TITLE, I , IN I%8 /MATERIAL

WHERE IJ( = ’VanGogh’
RETURN I 3 , I ,

Figure14: Query AEDÜÊ
Whereassourcehttp://www.art.com might return the title
and material of eachartifact “independently”by evaluat-
ing thetwo XPathpatterns//ARTIST[NAME=’Van Gogh’]/-
ARTIFACT/TITLE and //ARTIST[NAME=’Van Gogh’]/-
ARTIFACT/MATERIAL, it is not possible to obtain the
title and material of each artifact “together”. Neverthe-
less, the set of fragmentsreturned by the source loca-
tion path in AEDÜÊ might be reducedby pushing selec-
tions and existential quantificationto this path and return-
ing only the ARTIFACT elementsinsteadof the artists. It
is easy to see that, in order to obtain the final result, it
is sufficient to project on TITLE andMATERIAL subele-
ments of the ARTIFACT elementsreturned by the new
document URL http://www.art.com//ARTIST[NAME=’Van
Gogh’]/ARTIFACT[TITLEandMATERIAL].

6.2 Query Decomposition
Given the restrictionsenforcedby XPath mentionedprevi-
ously, our ideais to decomposethe initial treequeryinto a
query(XPathexpression)to beevaluatedat thesourceanda



FOR IJ( IN document(“http://www.art.com//ARTIST[ARTIFACT/TITLE=’Mona
Lisa’]/NAME”)

RETURN IJ(

Figure15: Query AED ¡ G G

queryto be evaluatedat the mediator. The objective of the
following decompositionalgorithm,is to do asmuchaspos-
sibleof theevaluationatthesourcelevel. Ourgoalis to mini-
mizethesizeof thedatafetchedby themediatorby creating
a source(XPath)querythat(1) verifiesall selectionsandex-
istentialquantificationin the original queryand(2) returns
thesmallestfragmentsnecessaryfor evaluatingthe“rest” of
theoriginalqueryat themediatorlevel.
Let º N AEDbX @ÝN ¤ R ) �U� R g ) R / ) 
%X be the tree representation
(seeSection5) of aquery AED where¤ is thesetof variables
andfor eachvariable� , ) �U� N �#X is its parentvariable,g ) N +0X is
theXPath locationpath(correspondingto somebinding Ä ),
and / ) 
 N �'X is thesetof operationsdefinedon � .
Query Composition : Query AED � is called a prefix of
query AED � ( AED � is a suffix of AED � ) if they shareexactly
onevariable + satisfyingthe following conditions: (1) + is
theroot node(variable)of AED � , (2) + is boundby theempty
XPathlocationpath 
 , gh. N X in AED � ( g ) � N +0X @ 
 , gh. N X ) and(3)
+ is aprojectionvariablein AED � ( ¼§ZÞ/ ) 
 � N +0X ). Variable+ is
calledthepivotof AED � and A¬D � . Thecompositionof aprefix
AED � with its suffix AED � is denotedby AED � z-AED � andreturns
a new query AED where1) theroot variableof AED is theroot
variableof AED � , 2) AED containsall nodes(variables)in AED �
and AED � and3) maintainsfor all variablesthepartialorder,
locationpathsandoperationsin AED � and AED � respectively.
More precisely, for pivot (variable) + , query AED keepsthe
parentvariableandlocationpathof A¬D � andall operations
definedin AED � and AED � ( / ) 
 N +~X @ / ) 
 � N +~X���/ ) 
 � N +0X ).
For example,thecompositionof thetwo queriesAEDÜÊaß (pre-
fix) and AEDÜÊUà (suffix) illustratedin Fig. 16 is definedand
resultsin query A¬DÜÊ of Fig. 14.

FOR IJ� IN document(“http://www.art.com”)//ARTIST,
I`( IN IJ� /NAME, I%8 IN I%� /ARTIFACT,
I 3 G IN I%8 /TITLE, I , G IN I%8 /MATERIAL

WHERE I`( = ’VanGogh’
RETURN IJ8

Query AEDÜÊUß
FOR I%8 IN self(),

I 3 IN I%8 /TITLE, I , IN I%8 /MATERIAL
RETURN I 3 , I ,

Query A¬DÜÊaà

Figure16: QueriesA¬DÜÊaß and AEDÐÊaà .

Query Equivalence : Queries AED and AEDÜG are called
equivalentif f they returnthesameresultfor any setof XML
sourcesD . Givena query A¬D theremight exist severalequi-
valenttreequeriesAEDÐG . For example,it is easyto seethat,

givena node(variable) � in A¬D onemight adda new node
(variablewhich is not in A¬D ) with thesameparentandloca-
tion pathas � and / ) 
 N �UG{X @ ¶%»-¸ withoutchangingtheresult
of AED (notethatall variablesin a treequeryareexistentially
quantified).

Query Decomposition : A sequenceof tree queriesN AED0² R AED � X , is a decompositionof A¬D if N AED0²�z�AED � X is
definedandequivalentto AED . For example,thesequenceof
queriesN AEDÜÊ ß R AEDÜÊ à X shown in Fig. 16 is a decomposition
of query AEDÜÊ illustratedin Fig. 14.
In the context of queryevaluation,we considerdecomposi-
tions where AED0² is a prefix of AED � . Then,from the defini-
tion of querycomposition,it follows that theroot of AED � is
a projectedvariablein prefix AED~² , i.e. the suffix subquery
AED � canbe evaluatedon the resultobtainedby query AED0²
(this is truesincewe only allow thedescendant/childaxesin
variablebindinglocationpaths).In otherwords,prefix AED0²
canbesentto thesourcesfor evaluation,andthesuffix query
AED � canbeevaluatedat themediatorlevel on thefragments
resultingfrom theevaluationof AED ² .
The problembecomesto find a decompositionof AED such
that prefix AED ² filters asmuchXML fragmentsaspossible
at the sourcelevel beforethe evaluationof thesuffix query.
It is evident that this decompositionprocessis restrictedby
the capabilitiesof the sourcequery language,which in our
caseis XPath. As mentionedearlier, XPath only allows to
projectononevariable,i.e. AED0² only containsonevariable�
where ¼§Z�/ ) 
 N �#X and,asa consequenceof thedefinitionof
querydecomposition,the suffix query AED � sharesthesame
variable� (its root).

6.3 DecompositionAlgorithm

In the following, we describea query decompositional-
gorithm for tree queriesinvolving XPath expressions.Let
AED be a treequeryand � be the variablethat corresponds
to theroot of thequery. Thedecompositionalgorithmstarts
with the trivial decompositionN AED � R AED � X where AED � cor-
respondsto aprojectiononthelocationpathof � ( ¤ � @ ¶H�<¸ ,
g ) � N ��X @ g ) N ��X and / ) 
 � N ��X @ ¶H¼Ü¸ ) and AED � corresponds
to thequeryobtainedfrom AED by replacingthelocationpath
of � with 
 , g�. N X ( g ) � N �~X @ 
 , g�. N X ). Forexample,for decom-
posingquery AEDÜÊ of Fig. 14, the algorithmstartswith two
subqueriesAEDÐÊ 4 � (prefix) and AEDÜÊ 4 ( (suffix) illustratedin
Fig. 17. It is easyto seethat N A¬DÜÊ 4 � R AEDÜÊ 4 (dX is adecompos-
ition of AEDÐÊ .
Thedecompositionalgorithmis basedon two simpleobser-
vations. First, all existentialquantificationsdefinedby the
FOR clauseandall conditionsin theWHERE clausecanbe
“pushed”into theprefixquery(sourcelocationpath)without
changingtheresultof thecompositionAED � z~A¬D � . However,
the new prefix queryis more“optimal” sinceit selectsonly



FOR IJ� IN document(“http://www.art.com”)//ARTIST
RETURNá IJ�

PrefixQueryQS3.a

FOR IJ� IN self(),
I`( IN IJ� /NAME, I%8 IN I%� /ARTIFACT
I 3 IN I%8 /TITLE, I , IN IJ8 /MATERIAL

WHERE I`( = ’VanGogh’
RETURN I 3 , I ,

Suffix QueryQS3.b

Figure17: Initial decompositionof A¬DÜÊ to theprefixquery
AEDÜÊ 4 � andthesuffix query A¬DÜÊ 4 ( .

thosefragmentswherethepredicateson thesourcelocation
pathevaluateto true. Nevertheless,we would still needto
load the whole documentfor evaluatingprojection. In fact,
we would like to load, insteadof the whole document,the
smallestpossiblefragmentsthatallow to evaluateall projec-
tionsdefinedin thequery. This canbeobtainedby “narrow-
ing” projectionto the smallestsubtreescontainingall pro-
jectionsof theoriginal query(notethatour treequeriesonly
usethechild/descendantaxesandall instancesof a variable
� canbeobtainedfrom theinstancesof its ancestorvariable).
Thefollowing algorithmdescribesthepreviousdiscussionin
threeconsecutivesteps:

Step â�B : All variablesin atreequeryareexistentiallyquan-
tified, i.e. for all variablebindings� suchthat � IN �~"J$
in theFOR clauseof AED , theremustexist at leastone
fragmentthatcanbeobtainedfrom a fragmentin � by
evaluatinglocationpath $ . Thisconditioncanbepushed
into theprefix queryby creatingfor eachnon-rootvari-
able � in AED a new existentially quantifiedvariable ��G
( / ) 
 � N �UG{X @ ¶ , +5	�
 S 
J¸ ) in A¬D � calledthe surrogateof
� and denoted��G @ 
H�-�1� N �#X . The partial order and
locationpathsdefinedon the variablesin AED arealso
maintainedin AED � :

) �U� N 
H�9�� N �'X¯X @ 
e�9�1� N ) �U� N �#XTX
and g ) N 
H�9�1� N �'X¯X @ g ) N �'X .

Step â ¡ : As for existential quantification, it is possible
to copy all selectionpredicatesin A¬D to the prefix
query AED � : If ½-ãd¿ÖÀvZ�/ ) 
 N �'X then / ) 
 N 
H�9�� N �'X¯X @
/ ) 
 N 
e�9�1� N �#XTXÅ��½9äYå1æ¯æWç ãdè{¿¢À .
After applyingstepsâ=B and â ¡ we obtainthenew pre-
fix query AEDÐÊ 4 �UG illustratedin Fig. 18 (thesuffix query
AEDÜÊ 4 ( hasnot beenchangedyet).

Step âuÊ : Theprefix queryshouldreturnthesmallestpos-
sible fragmentscontainingall information neededfor
queryevaluation.This canbeobtainedby “narrowing”
projectionto the smallestsubtreescontainingall pro-
jectionsof A¬D . In ourcontext, wherethelocationpaths
in the queryareformedusingonly the descendantand
child axes,thesolutionis to projectontheleastcommon

FOR I%� IN document(“http://www.art.com”)//ARTIST
IJ(dG IN I%� /NAME, IJ8dG IN IJ� /ARTIFACT
I 3 G IN IJ8dG /TITLE, I , G IN I%8eG /MATERIAL

WHERE IJ(dG = ’VanGogh’
RETURN I%�

Figure18: Prefixquery AEDÜÊ 4 ��G obtainedafterapplicationof
stepsâ=B and â ¡ .

ancestorvariableof all projectionvariables.Moreform-
ally, let / betheleastcommonancestorof all projection
variables( / is not necessarilya projectedvariable)in
AED . Then, first we will narrow projectionin A¬D � to

H�-�1� N /`X , i.e. move the projectionfrom the root � of
AED � to node 
H�-�1� N /`X suchthat 
H�-�1� N /`X will become
thenew pivot variable: / ) 
 � N �~X @ / ) 
 � N �~XÅéo¶¼Ü¸ and
/ ) 
 � N 
H�-�1� N /`X¯X @ / ) 
 � N 
H�9�� N /`XTXÐ�§¶¼Ü¸ . Second,vari-
able / will becomethe new root of AED � , i.e. we can
remove all variablesin AED � that are not descendants
of / and g )5� N /`X @ 
 , gh. N X . Observe that it is alsopos-
sibleto removeall directsubtrees(children)of / in AED �
containingno projections.This is possible,sincethese
subtreesonly serve for filtering instancesof / , which is
alreadydoneby AED � after applyingstepsâ=B and â ¡ .
Finally, in orderto composethe new prefix andsuffix,
all occurrencesof 
H�9�� N /`X will be renamedinto / in
query AED0² .
After applyingstep âuÊ anddefiningvariable I%8 , asthe
new pivot betweenAEDÜÊ 4 ��G and AEDÐÊ 4 ( , we obtain the
final prefix andsuffix queriesillustratedin Fig. 19 de-
composingquery AEDÜÊ .

FOR I%� IN document(“http://www.art.com”)//ARTIST
IJ(dG IN I%� /NAME, IJ8 IN IJ� /ARTIFACT
I 3 G IN IJ8 /TITLE, I , G IN IJ8 /MATERIAL

WHERE IJ( G = ’VanGogh’
RETURN I%8

Prefixquery AEDÜÊ 4 � G G
FOR I%8 IN self()

I 3 IN I%8 /TITLE, I , IN I%8 /MATERIAL
RETURN I 3 , I ,

Suffix query A¬DÜÊ 4 (WG G

Figure19: Final prefix ( AEDÜÊ 4 ��G G ) andsuffix ( AEDÜÊ 4 (WG G ) quer-
iesfor AEDÜÊ .

Observe that steps â=B and â ¡ reducethe numberof frag-
mentsreturnedby the sourcelocationpath,whereasâuÊ re-
ducesthe sizeof the fragmentsreturned.Observe alsothat
âuÊ might increasethenumberof fragmentsbut not thetotal
sizeof returneddata.
After these three steps, the prefix query AEDÜÊ 4 ��G G can
be translated into a standard XPath location path



QS3’: FOR IJ8 IN document(“http://www.art.com//ARTIST[NAME=’VanGogh’]/-
ARTIFACT[TITLE andMATERIAL]”)

I 3 IN I%8 /TITLE, I , IN IJ8 /MATERIAL
RETURN I 3 , I ,

Figure20: Finalquery A¬DÜÊ`G .

(“http://www.art.com//ARTIST[NAME=’Van Gogh’]/-
ARTIFACT[TITLEandMATERIAL]” ). Then,we replacethe
binding location path of the root variable of suffix query
AEDÜÊ 4 ( G G with this path and the final query is illustrated in
Fig. 20.

7 Conclusionand Futur e Work
In this paper, we have presentedthe integration of XPath-
enabledXML resourcesaccordingto high-level anddomain
specificontologies.Sourceintegrationis obtainedby map-
ping XPath location pathsto conceptualpathsin the onto-
logy. Our pathto pathmappingscanbeexploitedin several
ways.In this paper, we havefocusedon therewriting of tree
queries.Thepresentedrewriting algorithmhasbeenaddedto
our prototypewhich is implementedon top of Java andthe
object-orienteddatabasesystemê � [13]) andOQL [9] asthe
querylanguage.
In the generalcase,the query may ask for datafrom sev-
eral sources.For example,it may ask for the biographical
detailsof the painterof a given painting. We may find the
nameof thepainterfrom onesource,giventhepainting,and
thenuseit to retrieveherbiographyfrom another. Obviously,
this callsfor a strategy thatdetermineshow to passinforma-
tion from theresultsobtainedfrom onesourceto queriessent
to anothersource.We arecurrentlystudyinga querycom-
positionalgorithmthatexploitspartialvariable-rulebindings
for decomposinga query AED into a partially orderedsetof
XPath expressions(prefix queries)to be evaluatedby the
sources,wherethepartialorderimpliesinformationpassing,
followed by an XML query (suffix) to be evaluatedby the
mediatoron theresultsof thesesubqueries.
We arealsostudyinga secondapplicationof mappingrules
for theautomaticcreationof sourcedescriptions[3]. Form-
ally speaking,this correspondsto the materializationof the
view ontologyandtheresultingC-Webdatabasecanbecon-
sideredas a datawarehousefor XML resources.One ad-
vantageof view materializationis that it avoids query re-
writing anda standardqueryevaluator(e.g. SQL or OQL
interpreter)canbe usedfor queryanswering.A secondad-
vantageis thattheC-Webrepositorycontainsa(partial)copy
of the sourceinformation and a certainnumberof queries
canbeansweredwithout accessingtheXML resources(e.g.
give me the URLs of the resourcescontaininginformation
aboutPicassopaintings). Nevertheless,in the presenceof
largecollectionsof XML documentsevolving with time, the
storageandmaintenanceof materializedviewsbecomesvery
costly, unlessit is possibleto controlthesizeandthechanges
of the materializedinformation. Size control can be user
driven,for example,by preloadingdescriptionscorrespond-
ing to a query(partial view materialization)definedby the

user. Changecontrol canbesource-driven,for example,by
triggeringthecreation(update)of descriptionsuponachange
in thedocumentcontents.
Another important issueappearswith the combinedusage
of 1) query rewriting, 2) automaticallygenerateddescrip-
tions and 3) userdefineddescriptionsduring query evalu-
ation. For example,a C-Web repositoryfor scientificpaper
reviewsmight containa partialcopy of thesubmittedpapers
(e.g. thetitle andthenamesof theauthors),someadditional
informationaddedby thereviewers(e.g.thenamesof there-
viewersandthereviews)andsomemappingrulesthatallow
to extract theabstractandthebibliographyof thesubmitted
paper. Then,the query“Give me the title of all papersthat
arereviewedby anauthorappearingin thebibliography”can
only beansweredby usingall threekindsof information.

References
[1] S. Abiteboul, P. Buneman,and D. Suciu. Data On

the Web: From Relationsto Semistructured Data and
XML. Morgankaufmann,October1999.

[2] S. Alexaki, V. Christophides, G. Karvounarakis,
D. Plexousakis, K. Tolle, B. Amann, I. Fundulaki,
M. Scholl, and A-M. Vercoustre. Managing RDF
Metadatafor CommunityWebs. In Proceedingsof the
2nd International Workshopon The World Wide Web
andConceptualModelling, pages140–151,2000.

[3] B. Amann, I. Fundulaki, and M.Scholl. Integrating
ontologiesand thesaurifor RDF schemacreationand
metadataquerying. International Journal of Digital
Libraries, 3(3):221–236,October2000.

[4] B.AmannandI.Fundulaki. IntegratingOntologiesand
Thesaurito Build RDF Schemas.In A-M. Vercoustre
S. Abiteboul, editor, Proc. of the 3rd EuropeanCon-
ferenceon Research andAdvancedTechnology for Di-
gital Libraries(ECDL), volume1696of Lecture Notes
in ComputerScience, pages234–253,Paris, France,
September1999.SpringerVerlag.

[5] D. Chamberlin,D. Florescu,J. Robie,J. Simeon,and
L. Stefanescu.XQuery: A QueryLanguagefor XML.
http://www.w3.org/TR/xquery, February2001.

[6] Don Chamberlin,JonathanRobie, and DanielaFlor-
escu.Quilt: An XML QueryLanguagefor Heterogen-
eousDataSources.In InformalProc.of ACM SIGMOD
Workshopon WebandDatabases(WebDB), pages53–
62,Dallas,USA, May 2000.



[7] Vassilis Christophides, Sophie Cluet, and Jérôme
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