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(ExtendedAbstract)

1 Introduction

The C-Web (CommunityWeb) project[2] aimsat supportingthe sharingintegrationandretrieval of informationin
a specificdomainof interestfor a groupof peoplewho desireto accesandexchangeknowledgeandinformationin
thisdomain.A C-Webportal (or mediato)) providestheinfrastructurefor (1) publishinginformationsourcesand(2)
formulatingstructuredqueriesby takinginto consideratiorthe conceptuatepresentationf a specificdomainin form
of anontolagy.

Querymediationhasbeenextensiely studiedin the literaturefor differentkinds of mediationmodelsand for
varioussourcecapabilities. Tsimmis[14], YAT [5], Infomaster[9], InformationManifold [13], Tukwila [15, 12] and
PICSEL[10] areamongthe mostprominentexamplesof mediationsystems.In C-Web, query mediationis closely
relatedto the lastthreeof themwhich follow thelocal asview approach Thesesystemalescribethe sourcecontents
in termsof the mediatorschemaandthe resultingqueryrewriting algorithmsarebasedon efficient implementations
for evaluatingquery subsumptiorandsatisfiability Similar to the above systemsjn C-Web usersformulatequeries
in termsof the ontologyandthe mediatortranslateghesequeriesaccordingto the sourcedescriptionsandthe source
queryfacilities.

In this paperwe areinterestedn the publicationandqueryingof XPath[6] enabledXML resourcesMore pre-
cisely, we wantto take advantageof the structureof XML documentggenerallydescribedby a DTD) for mapping
piecesof informationcontainedin XML fragmentg11] to domainspecificontologies The objectve hereis to be
ableto forward userqueriesto diverseXML repositorieswhile hiding their DTD heterogeneityo the end-user Our
contrikution is two-fold : (1) we proposea simple mappinglanguagedescribingsourceshy a setof rulesrelating
XPath location pathsto the conceptsandrolesof anontologyand(2) a queryrewriting algorithmfor translatinguser
gueriesinto queriesexpressedn anXML querylanguagd3, 4, 16] thataresendfor evaluationto XML sources.

XPath[6, 17] is atreepatternlanguage which allows to characteris&XML fragmentsaccordingto their position
in the documentree,their type andtheir contents.WhereasXPath doesnot have the full expressve power of XML
guery languagesthe choice of using XPath as part of a mappinglanguagefor XML documentss interestingfor
severalreasonsFirst, XPathis alreadypartof several XML-relatedlanguage$1] for the transformation(XSLT [8]),
linkage (XLink [7]) andquerying(XQL [16], XQuery[3] andQuilt [4]) of XML documentsThisimpliesthatXPath
is usedby animportantnumberof XML developerswho do not have to learna new languagefor writing mapping
rulesandthatit is implementedn avariety of toolsandcanbeintegratedvery easilyin astandardVeb sener.

In this papemwe illustrateour approactconsideringheintegrationof culturalinformationsourcesaccessiblérom
Web seners. We shav how suchWeb resourcesanbe describedaccordingto an ontology (Section2) by creating
mappingrulesbetweenXML fragmentgidentifiedby XPathexpressionsandontology conceptsandroles(Section3).
Finally weillustratein Section5 how thesemappingsanbeusedfor therewriting of arestrictecclassof OQL queries
presentedn Section4.

Ihttp://cwekinria.fr
2seefor examplefragserver http://wwwxml.com/pub/r/676.



2 Ontologies and Schema Paths

Ontologies: An ontolagy is a quintupleO = (C, R, source, target,isa), where: (i) C is asetof concepts(ii) R
is asetof binaryrolesbetweernconceptsn C, (iii) functionssource andtarget maprolesto their domainandtarget
conceptsrespectiely, and(iv) isa is aninheritancerelationshipon C with the usualpropertieghierarchyon C).

An ontology usually reflectsa commonunderstandingf a certaindomain. In our casewe areinterestedwith
domain-specifignformationstoredin oneor several XML databaseandwe definethe semanticof anontologyby
the databasethatconformto it : a databasdor anontology© containsa setof objects(instance}for eachconcept
in C which arerelatedby instance®f rolesin R. Theisa componenbf O is interpretedwvith a subsesemanticsand
we saythattwo concepts: andc’ areisa-relatedif ¢ = ¢’ orc isa ¢’ or ¢’ isa c holds.

An exampleof an ontology for cultural artifactsis shavn in Figure 1. Ten conceptsand nine roles describe
actors(personsperformingactiities for producingartifacts. For example,conceptPerson collectsall personsjs a
subconcepof Actor andinheritsrole performedrelatingactorsto actwities.
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Figurel: An Ontologyfor Cultural Artif acts

It is possibleto follow schemapathsbetweerconceptsn the ontologygraph.For example the artifactsproduced
by an actorare obtainedby traversingrole performed(actiities performedby actors),andthenrole hasproduced
(artifactsproducedby theseactivities). Obsere also,thatthis traversaldefinesthe subsebf all artifactsproducedby
someactor We distinguishbetweerrole pathsdefiningderivedrolesandconceptpathsdefiningvirtual concepts

Role pathsand derived roles: A role pathof lengthn (n > 1) isasequence = r; ... r,, Wherer; areroles,such
thatfor all 1 < i < n, target(r;) andsource(r; 1) areisa-related. The sourceandtargetof arole patharedefined
by the sourceandthe targetof its extremities: source(r) = source(r;) andtarget(r) = target(r,). Clearly, the
compositionof arole pathr andarole pathr’, denoted- o 7', is well-definedprovidedthattarget(r) andsource(r')

areisa-related.Roleperformeds arole pathof length1 with sourceActor andtargetActivity. A role pathr of length
> 1 definesaderivedrole, rol(r) from instance®f its sourceconcepto instance®f its targetconcept.For example,
role pathtechniqueusedmaterial of length2 definesaderivedrole, rol (technique.used-material) betweerconcept
Man Made Object andconceptMaterial. A sequence.r» canbe viewed asa derivedrole whoseevery instance
connectsaaninstanceo of source(ry) with aninstanceo’ of target(rs), throughanintermediaryo” thatmustbean
instanceof bothtarget(r,) andsource(rs). Instanceo” canonly existif target(r1), source(rs) areisa-related,and
o' mustbeaninstanceof bothconceptgarget(r; ) andsource(rs).

Concept pathsand virtual concepts: A conceppathp is eitherof theform ¢, or asequence.r, wherec is aconcept
andr is arole path,suchthatsource(r) andc areisa-related.The lengthof p is 0 in thefirst case.andthelengthof
therole pathr in thesecondcase.The source andtarget of ¢ arec. Thesourceandtargetof p = c.r aredefinedas:
source(p) = c andtarget(p) = target(r). Thecompositionof a conceptpathp andarole pathr, denotedp o r, is
well-definedprovidedthattarget(p) andsource(r) areisa-related.A conceppathp = c.r canbeviewedasdefining
avirtual conceptdenotedy con(p), standingfor “the instancef target(p) that canbereachedfrom source(p) by
following therolesin p, in order”. For example,conceptpath Person.performed.haproduceddenoteghe artifacts
(instance®of conceptMan Made Object) producedby someperson.We alsoconsiderthatthe sufixesof a concept
pathp definesuperconceptsf thevirtual conceptdefinedby p : a sufix of aconcepipathp is obtainedoy removing a
prefix, andaddingan appropriateconceptin the beginning. For example,if p = ¢;.r;.r2.r3, thensource(rs).rs and
source(rs).ro.r3 areits suffixes. It is evidentthatthe extentof p is a subsebf the extentof ary of its propersufiixes.
Thus,we alsorelatea conceptpathandits suffixes(asvirtual conceptspy isa.

Givenanontology a setof role pathsR, anda setof conceptpathsC definedon this ontology, we candefinea
view ontolagy, Oy = (Cv, Ry, sourcey, targety ,isay) whereCy is the setof virtual conceptdefinedby each



conceptpathin C alongwith its superconcept&spreviously defined),Ry is the setof derivedrolesdefinedby each
role pathin R, andisay is theisa relationshipbetweervirtual concepts.

3 A Mapping Language for XML

In the following we presenta languagefor establishingmappingsbetweenXML fragmentsand ontology concepts
androles Supposéhathttp://wwwart.comis a web sener of XML documentsaboutartistsandartin general. The
correspondindTD is shovn in Figure2.

<! ELEMENT ARTI ST ( NAME, NATI ONALI TY, ARTI FACT*) > <! ELEMENT NAME ( #PCDATA) >

<! ELEMENT ARTI FACT (TI TLE, PROCEDURE, LOCATI ON) > <! ELEMENT NATI ONALI TY (#PCDATA) >
<! ELEMENT TI TLE (#PCDATA) > <! ELEMENT MATERI AL (#PCDATA) >

<! ELEMENT LOCATI ON ( #PCDATA) > <! ELEMENT STYLE (#PCDATA) >

<! ELEMENT PROCEDURE ( MATERI AL, STYLE) >

Figure2: A simpleXML DTD for Artists andArt in general

Themappingrulesin Figure3 mapXPathlocationpathsto schemapathsin the ontologyof Figurel :

Ry: http://ww. art.conf/ARTI ST asu; Person

Ry: w1/ NAME has_name

Rs: w1/ ARTI FACT asusz performed.has_produced
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Figure3: Setof MappingRules

For example,rule R, statesthatall fragmentsof elementtype ARTI ST which are descendantsf the root of
documentttp://wwwart.com(see[6, 17] for the definition of XPath patterns/locatiopaths)areinstance®f concept
Person. In the sameway, rule Rs statesthatall elementsof elementtype ARTI FACT, descendantef the root of
documentittp://wwwart.com areinstance®f conceptMan Made Object. Rule R3 createsnstance®f thederived
role,rol (per formed.has_produced) connectinggachelement: of type ART| ST obtainedby rule Ry, to all elements
of type ARTI FACT thatcanbeobtainedrom z by applyingXPath/ ARTI FACT.

Mapping Rules: A mappingrule is anexpressiorof theform R : u/q [as v] + p, wherel) R is therule’s label,
2) u, therule’'sroot, 3) ¢ is an XPathlocationpath,4) [as v] is anoptionalbinding of variablev and5) p is aschema
path.More preciselytheroot (u) is eitheravariable,or aURL andp is arole pathif « is avariableanda concepfpath
otherwise.Rule R is calleda relative mappingrule if its rootis a variable,andan absolutemappingrule otherwise.
Letip(R), cp(R) denoteR’s locationpathg andschemaathp, respectiely.

Aruler : u/qas v + p,isinterpretedasfollows: (1) applylocationpathq to all instancegz;) of variableu; (2)
the obtainedragmentqz-) areaddedo the setof instance®f variablev; (3) if u is avariable,add(z;, z2) to theset
of instance®f thederivedrole p; (4) if u isaURL, addz- to thesetof instance®f virtual concepip. Obsenethatwe
allow multiple bindingsfor the samevariable. Suchbindingsreducethe numberof mappingrules,while makingthe
structureeasierto understandln the oppositeway, it is possibleto mapthe samelocationpathto differentvariables
in orderto distinguishbetweertwo interpretation®f the samesetof fragments Obsene thatrule R3 bindsthesame
variable(us) asrule Rg which allows the applicationof rules R4 and R on theinstancesfound” by bothrulesto
obtaintheartifacts’title andtechnique.

Givena setof mappingrules,we definereadability for rulesandvariables asfollows: Eachrule whoseroot is
aURL, or areachablevariableis reachableandeachvariableboundin areachableule is reachable A mappingM



overanontologyQ is a setof mappingrulessuchthat1) labelsareunique(thatis, no two ruleshave the samelabel),
2) all rulesarereachablghencesoareall variables)and3) the conceptsandrolesusedin its rulesoccurin O. Note
thatthe binding-useaelationshipdetweernvariablesn amappingmaybecyclic. Thesimplestcaseof acycleis arule
whoseleft-hand-sideontainsy/A as v (providedthatv canbereachedrom a URL by someotherrules). A mapping
is cyclicif it containsa binding-usecycle.

Concatenation of mapping rules: TworulesR; : a/q1 as v1 < p1, Ra : v1/g2 [as v2] < p2, canbeconcatenated
if thecompositiorof theirschemapaths p; o p, is well defined. Notethe constrainthattherootof R; is boundin R,

andthatconcatenatioiis possibleonly if p, is arole path. The concatenatioiis therule Ry .Rs : a/q1 /g2 [as va] +

p1 o p2. Givena mappingM, its closure, denotedby M*, is the setof all rulesthat canbe obtainedfrom M by

repeatectoncatenationlts expansion denoted), is the setof absoluterulesin M * (M C M*). Givenanontology
O, amappingM over O definesaview ontology Oy = (Cr, Ras, sourcens, target ar,isan) whereCyy is the set
of virtual conceptgefinedby the concepipathsof absoluterulesin M and Ry, is the setof derived rolesdefinedby

therelative rulesin M*.

4 TreeQueries

The userviews the C-webportal asa single databasef fragmentswithout knowledgeof the sourceon which each
fragmentis located. We might then considereachfragmentas an objectwhoseidentity is the location path of the
fragment. A mapping}, allows usto organisethe fragmentsinto collectionsof instancesf conceptsn Oy, and
alsoto view certainXML pathsasrepresentingolesof Oy,. It followsthatonecanin principlequerythis databasef
fragmentsusinga querylanguagesuchasOQL. The answerof a queryis definedusingthe semanticf querieson
objectbasesHowever, eventhoughthe answeiis well-defined anefficient evaluationrequiresthatwe useeffectively
themappingM to translatehe queryinto oneor morequerieson the sourcesOur ability to do somaydependnthe
form of thequery We introducea treequerylanguageasarestrictedversionof OQL, anddiscusshow mappingrules
canbeusedin the evaluationof queriesin thislanguage.

Treequeriesare basedon select-from-wher e clauseson schemgpaths. Figure 4 shavs two tree queries and
Q1 where( is the generalform of atreequeryand@1 is an exampleof sucha querythatlooks for “the titles and
locationof all manmadeobjectswhere clay wasusedin theappliedtechnique”.

Q: select ;x5 ... Ql: sdect bd
from e zq, from  Man.MadeObjecta,
es Ty, a.hastitle b,
- a.technique.usethateriale,
e; Ti, a.locatedatd
e; Tj, where ¢="clay”

where ¢gandc¢; and ...

Figure4: TreeQueries

Treequery( is definedasfollows. Thez;’s arevariables.Eache; in thefrom clauseis either(1) a conceptpath
¢;lc;.q; defininga (virtual) conceptor (2) avariablez; followedby aderivedrole g;. In thefirst caseg; ande;.q;, and
in thesecondccaseg;, arecalledthebindingpathof z;, denotedp(z;). < is apartialorderon thevariablessuchthat
if 2;.¢; x; occursin thefrom clausethenz; < z; (z; is calledthe parentof «;). Thewhere clauseis a conjunction
of simplepredicatesof theform ¢;, = z;6d in which§ € {=, <, >, <, >} andd is anatomicvalue.lt is not possible
to expressjoins by equalitiesbetweenvariables. Schemapathsappearexclusively in the from clause,a syntaxthat
simplifiesthe presentatiomf our rewriting algorithnt". Thelanguagehasno quantifiers aggreyatespr subqueriesut
avariablez;, presenin thefrom clausebut notin the select or wher e clausesis implicitly existentially quantified.

3We do not defineary restrictionon the concatenationf locationpaths(rule left-hand-sides).
4t is easyto shav thata querywith schemapathsin the select andthe where clausecanbe rewritten into an equivalentqueryin which they
appeamonly in thefrom clause.



5 Query Rewriting and Evaluation

We presenherea queryrewriting algorithmthattransformsa treequery@ accordingto a givenacyclic mapping©M
into a queryexpressedn an XML querylanguage Thealgorithmconsistof two phasesnamelythe bindingandthe
rewriting phaseslin thefirst phasavetry to find all ruleswhoseschemaaths‘map” to querypathsandin thesecond
phasewe rewrite theinitial queryinto a setof XPathexpressions.

Binding Variables to Rules : Take, for example,query @1 andthe mappingshavn in Figure3. Intuitively, rules
R,.R3 andRg mightbeusedto find manmadeobjectsfor variablea. Theformerfindsall manmadeobjectsthathave
beenproducedby a personandthe latter canbe usedto find manmadeobjectsin general.Rule R, canthenbeused
to find thetitles for thosemanmadeobjectsandvaluesfor variableb. In the sameway, rule Rs.Rg findsthe material
usedto producetheseobjectsandobtainsinstancedor variablec.

Formally, a variable to rule binding, or shortly variable binding, for a query @) is a mappings on a subsetof
variablesin ), denoteddom(3). More preciselyif dom(3) is notempty theng associatesachvariablein dom(3)
with arulein closureM*, suchthatthefollowing holds:

1. if z is theroot of query @, thenS(z) is an absolutemappingrule suchthat the querybinding pathbp(x) of
variabler denotesa superconcepdf the virtual concepteon(cp(8(z))) in O, whichis the casewhenbp(z)
is equalto or asuffix of cp(5(z)) or asuperconcepf thetargetof 5(z);

2. elsethedeclaratiorof z in @ hastheform z'.q z, i.e. z is thechild of variablez’ andthe bindingpathof z is q.
Answersfor z canbe obtainedirom answerdgor z', by following thebinding pathg of z if (1) therootvariable
of rule 8(x) is boundin rule 3(z'), (2) therole denotedby the derivedrole of therule 8(x), rol(cp(5(x))), is
equalto therole denotedy the bindingpathof z and(3) the compositionof the schemaathsof therulesg(z')
andg(zx) is well-defined,i.e. the concatenatiof thetwo rulesis well-defined.

For example,for query@1 above,the queryrootvariablea is boundin the queryto the (real) conceptMan Made
Object. In this casethe conceptpathof bp(a) is a suffix of e¢p(R;.R3)=Person.performed.has_produced andis
equalto the conceptpathof c¢p(Rs). Now, the binding pathbp(b) of variableb in Q1 is hastitle, sowe needarule
whoseschemapathleadsfrom Man Made Obiject to the virtual conceptMan Made Object.has title; Rule R, is
sucharule. Similar reasoningappliesto thebindingfor variablese, d.

Binding Algorithm : A variablebindingis full if it is definedon all variablesof ), andpartial otherwise.Givena
guery we needto find all full variablebindingsaccordingo somemapping} . Indeed eachsuchbindingprovides,as
shavn below, asubsebf theanswer By takingtheunionof all theseanswerswe have amaximalanswerwith respect
to the given sourcesandthe given mapping. We assumeyv.l.g, thatvariablesarearrangedn pre-order:zy, . . ., z,.
This ensureshatwhenwe try to extenda bindingto a variable,it is definedon its parent.A bindingis representeds
avectorof associationsf variablego rulesor concatenatioof rules,in thatorder namely{z; — r1,... 2, — r,}.

We sketchherethe binding algorithmfor acyclic mappingrules. We assumehat sincethe closureM * is finite,
it hasbeencalculatedn advance.In thefirst stepof this algorithm,we extendthe emptybindingto the root variable
x1. For eachabsoluterule r in M* suchthatep(r) is a subconcepof the binding conceptpathbp(z1), we createa
binding{z1 — r}. Then,we iteratethroughthe sequencef variablesfrom theleft. Assumewe have constructed
setof partialbindingsthataredefinedon all variablesup to andincluding z;, we shov how to extendit to z;,1. Let
z; (j <+ 1) bex;;1’s parent. Necessarilyeachbinding 8 we have constructeds definedon z; andassociates
ruler’ = f(x;) with z;. Supposehatvariablev is boundin r’. Then,for eachrelative ruler of A * whoserootis v,
if the schemegpathsof ' andr canbe composedwe extend by z; 11 — r. Notethattheedgefrom z; to z; 41 is
‘traversedn this step,andonly in this step. After all bindingsthataredefinedup to andincludingz;4+1 arecomputed,
all previouspartialbindingscanbedropped.

When M is cyclic, M* maybeinfinite. In alongerversionof this paperwe shov how to computea usefulfinite
representatioof M * thatcanbe usedto computeafinite representationf the setof bindings.

We illustrate variablebinding for the mappingshaown in Figure 3 andfor query@1 above. In thefirst step,we
needto extendthe emptybindingwith a bindingfor theroot variablea, associatedvith virtual conceptMan Made
Object. An obviousoneis a — Rg, but sincePerson.performed.has_produced definesa subconceptthe binding
a — R;.R;3is anothersolutionandwe obtaintwo (partial)bindingsg, andg» definedon a. It is easyto seethateach
of themcanbeextendedafterwardsby b — R4, c — R5.Rg,d — Ry to acompletebinding.

Query Rewriting : Let B beasetof full variablebindingscalculatedby the foregoingalgorithmfor somequery @
andmappingM . Thenfor eachof thevariablebindingsin B, we createa query@.S wherewe replacegheschemaath



for aqueryvariablewith the XPathlocationpathof therule associatedb it. For example for query@1, thealgorithm
returnsbindings; andgs. For binding 81 = {a — R;.Rs,b+— R4,c — R5.Rs,d— Ry} , theobtainedgueryis :

QS1: select b,d
from http://wwwart.com//ARIST/ARTIFACT a,
alTITLE b, a/PROCEDURE/MATERIAL ¢, a/LOCATION d
where ¢ ="clay”

Thisquerycanbeeasilyexpressedn any XML querylanguagausingXPathfor bindingvariablessuchasQuilt [4],
XQL [16] andXQuery[3]. However, XPathis a restrictedanguage.For example,an XPath querycanonly return
onekind of node(andfor eachnodeits XML subtree).Thus,the query@S1 cannotbe expressedsa single XPath
expressiorsinceit returnsa setof pairs(b, d). But, we canexpressin XPatharequesfor the nodeof a, includingin
it the conditionsthatthe pathsin the XML documenteadingto b, ¢, d exist, andthatthe valueof nodefor c is equal
to “clay”. Whenasubtreghatcorrespondso a is returnedwe canlocally projectit onthenodesor b, d.

An algorithmthatdecomposea query @S into a partially orderedset of XPath expressiongo be evaluatedby
the sourceswherethe partial orderimplies information passingfollowed by an XML queryto be evaluatedby the
mediatoron theresultsof thesesubqueriess presentedn afull versionof this paper
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