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Abstract: The W3C XML Linking LanguagdXLink) providesa powerful meandor inter-
linking XML documentsll overtheworld. While the effectswhenbrowsingthroughlinked
XML documentsarewell-defined,thereis not yet ary proposalhow to handleinterlinked
XML documentshatmalke useof the XLink languagdrom thedatabas@ointof view, i.e.,
consideringhe datamodelandnavigation/queryingaspectsFromthe databaséandin gen-
eral, querying)point of view, elementswith linking semanticxanbe seenasvirtual XML
subtreesi.e., XML views. Comparedwith classicaldatabases,e., SQL andrelationaldata,
the situationof having links insidethe datais new. We definea logical, transpaent data
modelfor linkeddocumentsQueriesarethenformulatedin standardXPathagainsthelog-
ical model. We proposeadditionalattributesusingthe dbxlink (database-xlinkhamespace
for specifyingthe mappingfrom XLinks to thelogical model.

1 Intr oduction

XML datainstancesare structuredas trees,consistingof elementsand attributes. The
datais self-describingi.e., eachdataitem consistsof a nameand datacontents(cf. the
excerptof the MoNDIAL XML databas¢@May01b] givenin Figurel thatwill be usedfor
illustrationsthroughouthe paper).

XPath[XPa0] is thecommonlanguagdor addressingiodesetsin XML documentsye
assumehatthereaderis familiar with XPath. It providesthe basefor severallanguages
in theXML world, e.g.,thequerylanguage<Query, andfor XLink. ThecoreXML/XP ath
conceptlreadyprovidesunidirectionaintra-documenteferencedy ID/IDREF  attributes.

Example 1 Considerthe query“search all names(abbreviations)of organizationssuch
thatthe headquartercity of the organizationis alsothe capital of oneof its membeicoun-
tries”.

Thequeryis expressedn XPath as

/llorganization[@headq=>city = members/@country=-country/@capital=-city} @abbrev .

XML datais not requiredto be self-containedbn an individual sener, but may include
links to XML dataon other seners. With XLink, the targetsof the links are givenin
XPath-like syntaxwithin the XML data. Whenqueryingsuchdistributed XML data,the
guery languagemust supportfollowing the links, andit mustbe clearwhat the logical
schemaof theaccessiblelataasawholeis. Thisaspectj.e., extractinga queryexpression
from theintermediateanswerthatmustbe evaluatedto continuethe queryevaluation,did
notoccurbeforein databasesSQL databasedo not containqueriesin their datafields.

*Onleave from Universitt Freiturg.
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<IELEMENT mondial (country+, organization+, ...)>
<IELEMENT country (name, population, city+, ...)>

<IATTLIST country | car_code | ID #REQUIRED
area £DATA #IMPLIED

‘ IDREFS #REQUIRED>

<IELEMENT name (#PLCDATA)>
CDATA)>
CDATA #IMPLIED>

<!ELEMENT city (ngme, population*)>

<mondial>
<country car-codez area="30510"

capital=>

<name>Belgium</ngme>

<population>10179241</population>

<name>Brussel ame>
<population year="93">951580</population>

<[city>
<city id="cty-B-Antwerp”

<IELEMENT members EMPTY>

<IATTLIST city |id | ID #REQUIRED > <name>Antwerp</namy
TN <population year="95">¥59072</population>
<!ELEMENT organizatioR (mame, members*)> </city>

<IATTLIST organization Nbbrev ID #REQUIRED

[headq | IDREF #IMPLIED>  </country>

<organization abbrev="EU” headq _

<name>European Union</name>
<members type=“member”

country="F EADI|[ B |L..."/>
</organization>

<IATTLIST members type|CDATA #REQUIRED
IDREFS #REQUIRED>

</mondial>

Figurel: Excerptof the MONDIAL XML databas§May01h]

2 Linked XML Documents

XPointerandXLink specifyhow to expressinter-documentinksin XML. XPointer[XPt00]
is a specializedextensionof XPath for selectingpartsof XML documents- which are
not necessarilysetsof nodes. The XPointer conceptcombinesthe URL documentad-
dressingmechanisnwith anextensionof the XPathmechanisnfor addressingragments
of the document. XPointer “hyperlink” addresseare of the form url#ext-xpath-expr .

For this work, we restrictoursehesto standardXPath expressionsas pointers,i.e., our

XPointersare of the form url#xpath-expr. E.g.,the following XPointer addresseshe
countryelementhathasa car_codeattribute with value“B” in the documentith the url

www.ourserver.de/Mondial/mondial.xm |

www.ourserver.de/Mondial/mondial.xml#descendant::country[@car_code="B"]

The XML linking semanticss specifiedin the XML Linking Language (XLink) [XLi0O]
by providing specialtagsin the xlink: namespacthattell anapplicationthatanelemenis
equippedwith link semantics Arbitrary elementsanbe declaredo have link semantics
by equippingthemwith anxlink:type attributeandsuitableadditionalattributesandsubele-
mentsfrom the xlink: namespaceThe xlink:type attribute selectsbetweerbasictypesof
links: simplelinks extend the semanticknown from <A href="...">. Their xlink:href at-
tribute selectsatargetof theindividual link instanceallowing for addressingnodesinside
thetargetdocumenby an XPointer Extendedinks allow for groupingof targets,andalso
for specifyingrelationshipetweersuchtargets. Sofar, XLink providesjusta syntactic
representatiorof references.
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Theadditionalxlink: attributesxlink:actuate andxlink:show specifythe behaviorof alink,
i.e., its activating eventandthe triggeredaction. This behaior is tailoredto the useof
links whenbrowsing it doesnot covertherequirement®f queryingXML instances.

XLink doesnot provide ary informationaboutthe data modelor how queriesare stated:
thereis notyetan official proposali) how to addlink semanticgo the actualdatamodel,
e.g.,the DOM or the XML QueryDataModel [XMQO01a], and(ii) how to handlelinks
in queriesand applications(which in partdependson the datamodel, but orthogonally
evaluationstratgjies have to be defined). In this paper we focus on the data modeling
aspect- which is thenthe basefor formulating queries. We investigatedhe evaluation
aspect®f distributedqueriesn [May02l.

Example 2 In thefollowing, weillustrate the useof the differenttypesof links by a “dis-
tributed” versionof MONDIAL whete all countries,all cities of a country all organiza-
tions,andall membeshipsare storedin sepaatefiles.

. . memb
¢ countries.xml(all countries)

- - memberof is-member
e cities-carcodexml (the cities for

neighbor
ead country) 9
i i . orgs L -
e organizations.xml (all organiza- 9 countri
thﬂS) capital
e membeships.xml(relates countries headq has-city
andorganizations) 3
cty-B cty-D

Example 3 (Cities) The cities-country.xml documentsare very simple Note that cities
evendo nothavean ID; weassumehat their nameinsidea countryis unique Below the
DTD andan excerptof cities-B.xml is given:

<IELEMENT cities (city+)> <cities>

<!ELEMENT city (name, population*)> <city> <name>Brussels</name>

<IELEMENT name (#PCDATA)> <population year="95">951580</population>

. </city>
<!ELEMENT population (#PCDATA)> <city> <name>Antwerp</name>
<IATTLIST population year CDATA #IMPLIED> v P

<population year="95">459072</population>
</city>
</cities>

SimpleLinks. A simplelink is similarto theHTML <A href="..."> construct.t contains
only a singlepointer, but notethatthis pointercanaddres®neor moreelements.

Example 4 (Countries and Cities) Thecountrydatais storedin countries.xml. A country
hasa capital and several cities. Thecapital is refelencedby a simplelink. Thecitiesare
alsorefeencedby a simplelink that addresses setof nodes.

<!IELEMENT countries (country+)>
<IELEMENT country (..., capital, cities, ...)>
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<IATTLIST country car_code ID #REQUIRED>
<IELEMENT capital EMPTY>
<IATTLIST capital xlink:type (simple|extended|locator|arc) #FIXED “simple”
xlink:href CDATA #REQUIRED>
<IELEMENT cities EMPTY >
<IATTLIST cities xlink:type (simple|extended|locator|arc) #FIXED “simple”
xlink:href CDATA #REQUIRED>

<countries>
<country car_code="B”> <name>Belgium</name>
<capital href="file:cities-B.xml#//city[name="'Brussels’]"/>
<cities href="file:cities-B.xml#//city"/>

</country>
</countries>

Example 5 (Headquarters of Organizations) Thefile organizations.xmlin thedistributed
versiondoesnotcontaininformationaboutmembeships.Thus,onlythe @headq attribute
of organizationds replacedby a headq subelemenivhich is a simplelink:

<!ELEMENT organizations (organization+)>
<IELEMENT organization (name, headq)>
<IATTLIST organization abbrev ID #REQUIRED>
<I[ELEMENT headq EMPTY >
<IATTLIST headq xlink:type (simple|extended|locator|arc) #FIXED “simple”
xlink:href CDATA #REQUIRED>

<organizations>
<organization abbrev="EU"> <name>European Union</name>
<headq xlink:href="file:cities-B.xml#//city[name="Brussels’]"/>
</organization >

</organizations>

Additionally, thereare inline extendedlinks, and out-of-line extendedlinks. The latter
allow to createreferencesiot only inside documentsput alsoto createXML instances
that consistonly of links betweenother documentge.g., membershipf countriesin

organizations).

3 Querying along Links

Eachlink canbe seenasa view definition— possiblyrecursvely containingfurtherlinks;
in this case the view may be eveninfinite (dueto cyclic references) Whereasn SQL,
aview or adatabasdink appearsasatableor a databasschemahat easilyfits with the
languagesyntaxandsemanticslinks astreeview definitionsembeddednto the dataitself
needsomespeciahandling.

We proposea logical datamodelwherethe link elementsareregardedto be transpaent
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thelinked XML sourcesaremappedo alogical modelthatconsistof asingleXML tree.
Thislogicalmodelcanthenbeprocessedith standardKPath,XQuery, or XSLT. Thislog-
ical datamodelsilently replacedink element®of thetypesxlink:simple andxlink:locator by
theresultsetsof their XPointers,andelementf thetypesxlink:extended andxlink:arc are
assignedvith a (re)structuringsemantics.Thus,the logical, transparenimodelis already
a kind of a view of the data. The view is generatedrom the input documentsonly by
restructuringhetreeatthe XLink elementsThus,it doesnotrequireary separateuery
Figure? illustratesthe generaintuition of replacingreference$y treeviews.

-expry xpath-expry

url#xpath-expry

\

url

exp th-expr

(realDM) (transparenbDM)

Figure2: ExtendedXML DataModelwith XLink Elements

The external, logical schemads inducedin a well-definedway (thatis describedn more
detail below) by the structureof the entry documentandby the structuresof the linked

documents.This external schemain turn inducesthe possiblequeriesagainstthe entry

datasource. Evaluationof thesequeriesmapsthembackto the underlyingdocuments,
evaluatingpartsof the queriesagainsthelinkedsources.

Example 6 (Motivation) A simple generictranspaentmodelis obtainedby alwaysre-
placingthe XLink elementdy the XML contentsthat is refelencedby them (detailsare
describedn therestof the paper).In sud a model the samplequeryreadsas

(**)  document(“memberships.xml”)//membership
[organization/headq = country/capital]/organization/@abbrev

The mappingbetweendistributed, linked XML data,and a single XML instancefinds
applicationdn bothdirections:

e mappingasetof distributed,linkeddocumentsnto asingle,logical XML instancehat
is thenqueriedin XPath,and

e agivenXML instancecanbe distributedover severalinstanceghatareconnectedy
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XLinks without changingits logical model- i.e., all queriesyield the sameanswer
againsthe originalinstanceasagainsthelogical modelof the distributeddatabase.

Thereis nogenericintuitivetransparentodel. We proposealanguagextensiornto XLink
thatusesattributes— in the sameway ase.qg.xlink:show — to specifyfor eachlink element
how it shouldbe mappedo atransparentmodel.

4 Transparent Links: Modeling Switches

Dependingonthelink type,therearealternatvesfor mappingit to thelogical model:

SimpleLinks. Forsimplelinks, thelink consistf thelink element providing aname,
andpossiblyattributesandelementcontents- andan XPointer:

¢ the XLink elementitself can eitherbe (i) kept, or (i) dropped,or (iii) droppedand
its attributesarereplicatedinto the (resulting)subelementsyr (iv) transformednto a
(referencenhpttribute (its attributesarereplicatednto the (resulting)subelements).

¢ theresultof evaluatingan XLink elemenbr areferenceanbeinsertedasanelement,
or for eachelementof theresult,its attributesandcontentcanbe insertedan existing
“elementhull” thatis providedby the surroundingXLink element.

Inline Extended Links. For inline extendedlinks, “the link” consistsof a grouping
structureanda sequencef locators.Both canbe handledseparatelyn the above way.

Out-of-Line Links and Arcs. An extended,out-of-line link elementis a collection of
(i) locatorsand(ii) arcs.Thesurroundindink itself canbekeptor droppedandeither

¢ thelocatorelementshemselescanbeignoredin thetransparentodelandthexlink:from
andxlink:to attributesof the arcsarematerializedassubelementsyr

e thelocatorsarekept(andhandledwith the samealternatvesassimplelinks) andthe
arcis translatednto referenceaattributesto thelocators.

e |t is possibleto introducenen namedor thexlink:from andxlink:to rolesof arcs.

4.1 Specificationin the dbxlink Namespace

We usethe dbxlink:transparent attribute (denotingthe databasaspecbf XLink) for spec-
ifying how therespectie link elementsretreatedin thelogical model(a formal charac-
terizationandfurtherexamplescanbefoundin [May024):

For all XLink elements:

¢ keep-element: the XLink elementitself is kept (without the XLink attributes),and
contentsand/orattributesareinserted.

e drop-element: the XLink elements droppedj.e., replacedy theresultsof evaluating
its attributesandcontents.

e keep-attributes: the XLink elemenitselfis droppedthenon-XLink attributesarekept
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andaddedo eachreferenceatlement.
For simplelinks andlocators(i.e., thoseelementghathave anhref attribute):

¢ insert-elements insertsthewholereferenceatlement(s),

e insert-contents insertsthe contentsandattributesof thereferenceclement(sjnto the
surroundingelement,

e insert-nothing doesnothing: whenthe locatoris actually only usedfor arcs,it should
notbeconsideredtselfin thetransparenmodel.

e make-attribute: the XLink elementitself is dropped,insteada referenceattribute is
addedo thesurroundingelementhatyieldsthereferencealementgwhich areadded
to thelogicalinstancé'somevhere”). Thenon-XLink attributesof thelink elementare
addedo thereferencedlement(s).

Eacharc containsa specificationhow to handlethe from-locatorandthe to-locator: the
dbxlink:transparent attribute cancontainthevalues

e keep-from, drop-from, keep-from-attributes or make-from-attribute,

keep-to, drop-to, keep-to-attributes or make-to-attribute,

from-elements or from-contents, to-elements Or to-contents,

optionally, dbxlink:from-role and dbxlink:to-role specify what namesare usedfor the
from andto references.

Default Values. In generaldatasourcesregivenontheWebwithoutdbxlink attributes.
For that case we proposethe following default settingfor dbxlink:transparent thatkeeps
thenamesandpossibleadditionalattributesof the navigationelementsandfills themwith
the contentf thereferenceatlements..

¢ keep-element for simplelinks, extendedinks, andarcs,

e insert-contents for simplelinks,

e keep-from/keep-to andfrom-contents/to-contents for arcs,

e drop-element andinsert-elements for locatorsin inline extendedinks,

e drop-element andinsert-nothing for locatorsin out-of-line extendedlinks sincethey
arejustauxiliary.

4.2 Examples

Single-Target Simple Links.  If asingletargetelementis linked, it shouldoften either
appeatinsteadof thelink, or its contentsshouldbeintegratedinto thelink element.

Example 7 (Headquarters of Organizations) Consideragain Exampleb.

Thedefaultsettingsfor dbxlink:transparent (i.e., “keep-element insert-contents”) mapthe
contentsand attributes of the refelencedcity elementinto the headq link element. The
correspondingexcerpt of the logical transpaent instanceof organizations.xml looks as
follows, usingthe contentsof thecity elementhatrepresentBrusselsn cities-B.xml:
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<organizations>
<organization abbrev="EU"> <name>European Union</name>
<headq id="cty-B-Brussels">
<name>Brussels</name>
<population year="95">951580</population>
</headq>
</organization>

</organizations>
Thenthe nameof the headquartercity of an organizationcanbe selectedy

document(“organizations.xml”)/organization[@abbrev="EU")/headg/name .

Example 8 (Headquarters of Organizations— Alter native Modeling) Consideragain
Examples5 and 7. Anothermodelingalternativeis to resolvethe headq link element
into a referenceattribute. Then,the souice documentiooks as follows, containingthe
dbxlink:transparent specification:

<organizations>
<organization abbrev="EU"> <name>European Union</name>
<headq ‘ dbxlink:transparent="make-attribute”

href="file:cities-B.xml#//city[name="Brussels’]"/>
</organization>

</organizations >

Thelogical instancethenlooksasfollows (refeencedelementsare added‘somewher”):
<organizations>

<organization abbrev:“EU”‘ headg="localcopyofbrussels01” |~

<name>European Union</name>
</organization>

<l-- here, the “imported” elefhents are stored -->
<city | id="localcopyofbrussels01” |> <name>Brussels</name> ... </city>

</organizations >

Thenthequerycanbestatedn thesamewayasfor thenon-distributeddocumentFig. 1):
document(“organizations.xml")/organization[@abbrev="EU"J/@headqg=>city/name

Example9 Similar consideationsas above for the headquartercities of organizations
hold for the capital refelencein Example4: the capital refelencecan either be mappedo
a subelemenbr to an attribute Then,thequeriesreadas

document(“countries.xml”)/country[@car_code="B"]/capital/name or
document(“countries.xml”)/country[@car_code="B")/@capital=-city/name  respectively

Furtherexamples-includingarcs-canbefoundin [May02q).
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5 Conclusion

We have discussed logical modelfor linked XML documentghatmakesthelinks trans-

parent.Queriesarethenstatedagainsthelogical schemawithoutbotheringtheuserabout
thedistributednatureof thedata,andhow to handlethelinks. Theintendedogicalschema
canbespecifiecby theownerof theXML documentdy appropriatelysettingtheattributes
for the XLink elementsn thedbxlink namespaceMainly, we seetwo scenariosvherethe

logical modelis relevant:

¢ Querying:Givenautonomousourceghatareinterlinkedby XLink, theabove defines
alogical modelfor statingqueryingagainstsuchsourcegin generalwhenno dbxlink
attributesaregiven,the defaultsspecifythe modeling).

¢ DatabaseedesignGivenasingleXML instancgaccordingo agiven,publicschema)
thatshouldbe split/distributed over severalinstancesthe referencebetweernits parts
areusuallyexpressedby XLink (cf. Ex. 2). Theattributesin thedbxlink namespacean
thenbe usedfor retainingthe original logical modelandexternalschemawrt. the user
—i.e.,all qgueriescanremainunchanged.

Recallthatthe transpareninodelis just a logical, virtual model. The decisionwhetherit
is materializeddepend®n theevaluationstratgies(see[May02H]).

Materialization.  For validatingthe above definition of thetransparenmodel,an XSLT
script [Mal02] hasbeencreatedaccordingto the recursve definition for the generation
of the logical instance. Startingwith a given XML instance,t processeshe XML tree
recursvely. For eachelementhatis equippedwith XLink functionality(i.e., anxlink:type
attribute), an appropriateemplateis appliedthattransformsthe link element.In caseof
simplelinks andlocators thexlink:href attributeis evaluatedandtheresultlist is processed
recursvely andthe resultis includedinto the resultdocument.For arcs,the from andto
attributesareevaluatedthecorrespondindpcatorsareprocessedandtheresultsareagain
includedinto the result. In caseof infinite, cyclic logical instancesthe scriptreturnsa
warningwhenalink/elementpairis processethatis alreadyon thecurrentpathandstops
therecursion.

Note that materializingthe transparentnstanceis only an intermediatestepto definea
logical instancgwith alogical schemapsabasefor querying.

Query Evaluation. Basedon the promisingresults,an extensionof the LOPiX system
[May014 is underwork for investigatingthe handlingof links in an XPath-basecdenvi-

ronment.An implementatiorin a standardXML databasés planned.In thesecasesthe
logical instancewill not be materialized,but the evaluationof the queryis split at the
links, subqueries/vies areevaluatedwrt. the referencedlocumentsandthe answersare
thenrecombined.Thereare several possibilities,concerningwhenandwheie the views
definedby links are evaluated,and what resultsmay be cached. Theseissuesare dis-
cussedn [May02g May02l, alsoproposinghe useof additionalattributesin the dbxlink

namespac#or specifyingevaluationstrateyies.

RelatedWork. The XML querylanguageXML-QL [DFF+99] andXQuery[XQu01]
(andrelatedapproachesillow to express'distributed” querieg(e.g.,for informationinte-
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gration)asjoins of severalqueriego differentsourcesBut, althoughthe W3CXML Query
RequiementdXMQO1b] explicitly statethat“3.4.12: QueriesMUST be ableto traverse
intra- andinter-documenteferences’neitherXPathnor XQuery (andalsonot the earlier
XML-QL) supportavigationalongXLink referencesThereis notyetary otherwork on

queryinglinked XML instances.

XML Linking and Style[Wal01]] is concernedwith styling linked XML documentsvia
XSL stylesheetslt proposego addattributesto the xsl namespacthat define— refining
the behavior specifiedby the xlink:show attribute— how the styledresultis embeddednto
the presentatiomf the currentdocument.The maindifferencebetweenXML Linking and
Styleandour approacthis thatthe formeroperate®n therepresentationabrowsinglevel,
whereour approactoperatesn the datamodellevel, defininga “databasanstancethat
canthenbequeried.

Theoreticalaspectf distributed query evaluationfor semistructuredlataarediscussed
in [Suc03. The paperdoesnot considerthe detailshow to resole thelinks into alogical
instanceandschemabput focuseson the algorithmsanddistributedevaluationtechniques
for querieghatusesuchdistributeddata.
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