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Abstract

We presentan innovative methodfor implementingXML-QL us-
ing a relationaldatabaseback-endandadhocquerytranslationto
SQL. Our systemguaranteessupportfor XML documentsof any
schema,or any combinationof schemas.Furthermore,we ensure
that any changesto the schemaof XML sourcedocumentswill
not requirea changeto the underlyingschemaof the relational
database.We have developeda prototypesystemwhich accepts
XML-QL queriesandtranslatesthemto a setof equivalentSQL
queries.Thesequeriesarethenposedto the relationalback-end,
andresultsareobtained.We will discussthearchitectureandim-
plementationdetailsof our prototype,andgive a detaileddescrip-
tion of thealgorithmsusedin querytranslation.

1 Introduction
As moreandmorestructuredinformationis migratedto theWorld
Wide Web, it is becomingnecessaryto publish it in sucha way
that it canbe retrievedandviewedby all parties.As a solutionto
thisproblem,theWorld WideWebConsortium(W3C)hascreated
the eXtensibleMarkup Language(XML) standard[10, 11]. This
markuplanguage,inheritedfrom SGML, allows documentswrit-
ten in it to specifytheir own schema.This allows for tremendous
flexibility in designingsemi-structuredcollections,while solving
theproblemof platformandapplicationdependence.Application-
definedschemasalso allow XML documentsto maintainhierar-
chical continuity over the datathey represent,which clearly has
tremendousadvantageswhenoneis working with dataof a hierar-
chicalnature.

BecauseXML is a relatively new standard,methodsandtools
for searchingcollectionsof it arestill beingresearchedanddevel-
oped. Therearea large numberof proposedquerylanguagesfor
XML data,but astandardhasnotyetbeenagreedupon[12, 17, 19].
We choseto implementXML-QL [14, 15, 13], one of the most

matureandfull featuredlanguagesbeingconsideredfor standard-
ization. Our prototypeis able to combinethe proven technology
of relationaldatabasesandSQL with anXML-specific querylan-
guagein XML-QL to provide a reliableandscalablemethodfor
storingandsearchinga corpusof XML documents.

Section2 will give backgroundinformationon theproblemsat
hand.Section3 will discusstherelationalarchitectureof our pro-
totype,closelyexaminingour schema.Section4 will discussour
approachto translatingXML-QL queriesto SQL. Section5 will
give a summaryanddirectionsfor futurework.

2 Background

Thedevelopmentof our prototypehasbeenchiefly drivenby two
mainproblemsthatarefacedby thecommunityof XML users,the
selectionof an appropriatequerylanguage,andtheselectionof a
platform.Wewill givebackgroundinformationonthestateof each
problemhere.

2.1 Query Languages

In order for the XML standardto becomepracticallyusableasa
documentformat, there must be a way to searchcollectionsof
XML datain aconcise,effectivemanner. XML isasemi-structured
dataformat[18, 20], which is to saythatit canbeusedto addadi-
mensionof structureto datathat is primarily text-based.As such,
thequerylanguagesthatarecurrentlymostpopularwith structured
andunstructureddataare not suitable,as they do not fully real-
ize the capabilitiesprovided by XML. Keyword Search,which is
mostoftenusedto expressquerieson unstructureddata,is too im-
preciseto expressa queryon datacontainingsemi-structuralele-
ments.Similarly, SQL (StructuredQueryLanguage),which is the
mostwidely usedquerylanguagefor structureddata,is difficult to
usefor searchingsemi-structureddata,asit imposeshighly strin-
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gentstructuralelementson theuser. Additionally, neithernatural
languagenor SQL arevery well-suitedto expressinghierarchical
queries. To transcendtheserestrictions,a large numberof XML
query languageshave beendeveloped[16, 19], and the W3C is
currentlyreviewing severalof themfor standardization.

2.2 Storage Platforms

In additionto theproblemof anappropriatequerylanguage,there
are varying opinionson how to beststorehierarchicaldata,and
alsoon thebestmethodsfor indexing it. Somehave tried to build
treestructuresto hold the data,but this lacksportability andcan-
nottakeadvantageof themany featurespresentin databasesystems
[8]. Oneapproachis to build adatabasesystemspecificallytailored
to storingsemi-structureddata[21, 22]. This approachis advanta-
geousin that,it allows indexing structuresandqueryoptimization
to be specificallytailoredtowardssemi-structureddata. Unfortu-
nately, relationaldatabasesareinherentlyflat in structure,andit is
difficult to maphierarchicaldataonto them. This forcesmostde-
velopersof semi-structureddatabasesto basetheirapproachonthe
lesspopularobject-orienteddatabasedesign.While this approach
clearlyhasits rootsin thedatabasecommunity, othersapproachthe
problemwith traditionalInformationRetrieval techniques,choos-
ing to build invertedindex structuresusingthevaluesof nodesin
an XML document[23, 24]. This allows many commonIR tech-
niquesto be usedfor evaluatingthe similarity of a query, and is
very well suitedto performingfree-text searcheson the data. A
drawbackof this approachis that it becomesdifficult to queryfor
documentswhich containa certainrangeof values,andthestruc-
ture of an invertedindex, like that of a database,is flat, making
thestorageof hierarchicaldataa concern.In orderto achieve the
benefitsof both of thesestrategies,while still preservingdatahi-
erarchy, muchresearchhasfocusedon storingboth theXML data
andit’ s hierarchyin a relationaldatabase[2, 3, 4, 7]. A common
methodfor doingthis involvesextractinganappropriaterelational
schemafrom theschemasandDTD’s of XML documents[13, 6].
We extendon this approachby developinga queryprocessingsys-
tem with an unchangingrelationalschema,andsupportfor XML
documentsof any schema.

3 Relational Architecture

Thearchitectureof our prototypeusesa relationaldatabaseasthe
back-endstoragemechanismfor thesourcecollectionof XML doc-
uments. In order to efficiently storeXML documents,we have
developeda relationalschemawith two critical properties:it can
supportXML documentsof any schemawithoutmodification,and
it allows for thepreservationof hierarchyin a documentthatis en-
teredinto thesystem.Thelatterpropertyof theschemasolvesthe
mostlimiting factorimposedby flat relationalstructures.

Our prototype containsan indexing module, which accepts
the sourceXML documentsand builds an index of them in the
database.Theindex structureis storedin therelationscontainedin
ourschema.Eachincomingdocumentis givenauniqueID, andhas
theentiretyof its contentstoredasaTEXT field in onerelation.As
thedocumentsareenteredinto the database,they areparsedwith
XERCES,aDOM-compliantXML parser, andall uniquepathsare
extracted.A relationexistswhichcontainseachuniquepathfound

WHERE
<Set of Path Conditions>
<Set of Predicate Conditions>

IN <collection>
CONSTRUCT

<requested output specification>

Figure1: SimpleXML-QL Query

in thecollection,alongwith auniqueID. A similaroperationis per-
formedfor all uniquetagsandall uniqueattributes,eachof which
hasits own uniqueID andis storedin its respective relation.

Onceall of theuniquetags,paths,andattributesin a document
havebeendiscovered,anindex of thedocumentis built in amaster
relation which joins acrossthe tag, path, and attribute relations.
Therecordsin this relationrecordthe properforeign keys for the
currentpath,tag name,andattribute name,andthey alsocontain
the elementtype (tag or attribute),andelementvalue,alongwith
a uniqueID for eachrecord,andtheID of thedocumentthateach
recordis built from. Clearly, our index relationwill containa large
numberof records,evenfor smalldocuments.

4 Query Translation

In order to query the index relations createdin our back-end
database,we developeda methodto translatequeriesexpressedin
XML-QL to a setof SQL querieswhich produceresultsthat are
equivalentto thoseof theoriginal XML-QL query. A singleSQL
queryis generatedfor eachdistinctXML-QL queryblock (nested
queriesdemandtheir own distinct SQL queries),so we can take
full advantageof thedatabase’s queryoptimizationtechniques.In
orderto parsethe XML-QL queries,we utilize the grammarand
parserprovidedby theAT&T ResearchLaboratories,theinitial de-
velopersof theXML-QL querylanguage[15]. Weusedtheirquery
parserto createaparsetreefor theposedqueries,andimplemented
a visitor that traversesthat parsetree and builds the appropriate
SQL.In orderto discussthespecificsof thealgorithmsused,some
backgroundonwhatcomprisesanXML-QL queryis needed.

4.1 XML-QL Query Structure

An XML-QL Query, on a very generallevel, hasstructuresimilar
to the one shown in Figure 1. EachWHERE clausein a query
can containa numberof conditions,whereconditionsare either
a tagpatternthat the documentmustmatch,or a predicate,which
imposesa setof limiting conditionsona valuein thedocuments.

4.2 Tag-Path Condition Translation

In orderto constructa SQL queryequivalentto a Tag-Pathcondi-
tion, we mustgatherthe full pathfor this conditionandall bound
variableswhich appearinside it. When the visitor encountersa
Tag-Pathconditionin theparsetree,its childrenarevisited in se-
quence.Oncetheprocessingof TagPatternandits childrenis com-
plete,wecanusethegatheredinformationto build ourSQLqueries
for this condition. This is doneby selectingall documentsfrom
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our databasewhich containall of thepathsdiscoveredby thevis-
itor, andensuringthatall elementandattributevaluesspecifiedin
the query occurat the properpaths. This processrequiresa se-
riesof self-joins,onefor eachdistinctpathelementlocatedin the
Tag-Path condition. Thesejoins are limited by any literal values
thatwereprovided in thepaths.They areselectedif andonly if a
variableis boundto theirpathandusedin theCONSTRUCT state-
ment. Theboundvariablesvaluesarenot selectedif they arenot
neededto constructoutput.

4.3 Predicate Condition Translation

Once the appropriateSQL for implementingthe conditionsim-
posedby the TagPattern conditionsin the queryhasbeengener-
ated,we focusour attentionon thePredicateconditions.Predicate
conditionsaremostoftenusedtoposesomerestrictionontheresult
setbasedon thevalue,or a rangeof possiblevalues,for someele-
mentin thesourcecollection.As such,they arethemostcommon
methodfor limiting thejoinsperformedon thetagpaths.For each
predicate,thevisitor processesthe lvalue,relationaloperator, and
rvalueout of theparsetreeandconvertsthemto their SQL equiv-
alents.This expressionis returnedto thehigherlevel visitor calls
whereit is appendedto thesingleSQL query’s WHEREcondition
to limit the join correspondingto thetagpath(s)which boundthis
variable(s).

4.4 Result Construction

Resultsareconstructedby replacingvariablevaluesreturnedfrom
theSELECTstatementinto theresulttemplateprovidedby theuser
in theCONSTRUCT statement.This templatecanhave embedded
conditionsfacilitatedby nestedXML-QL queriesfor addedflexi-
bility, in which casethoseXML-QL queriesareconvertedto SQL
andexecutedto enablereplacementof their resultsinto thehigher
level template.A significantfeatureof our systemis that it does
not do any processingof the resultsbeyond this text replacement.
All queryprocessingis carriedout in the SQL query, andresults
aredirectlyextractedfrom theresultsof that.

5 Summary and Future Work

We have presenteda prototypesystemfor efficient storageand
queryingof largecollectionsof XML data.Othershave examined
thequestionof therelationalstructurefrom thestandpointof per-
formance[1]. We will extendon thehigh-performancestructures
presentedto enablefull XML-QL queriesto begeneratedfor them
usingouralgorithms.

We arealsoworking to generalizethestorageandretrieval sys-
tem to be a record-basedrather than a document-basedsystem.
This approachwill allow the systemto query large single XML
documentsthatmaycontainmany records,andreturneachmatch-
ing record,thusgiving thequerysystema muchfiner granularity.
Researchinto theperformanceeffectsof breakinglargedocuments
into smallerchunksfor context indexing will alsobeperformed.

Thereis alsowork to bedonein possiblyaddinga free-text ex-
tensionto XML-QL, whichwouldallow for easyintegrationof our
systemaspartof a web-basedportalor mediator.
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