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Abstract

We presentan innovative methodfor implementingXML-QL us-
ing arelationaldatabasdack-endandad hoc querytranslationto
SQL. Our systemguaranteesupportfor XML documentof ary
schemapr ary combinationof schemasFurthermorewe ensure
that ary changego the schemaof XML sourcedocumentswill
not require a changeto the underlying schemaof the relational
database.We have developeda prototypesystemwhich accepts
XML-QL queriesandtranslateshemto a setof equivalent SQL
queries. Thesequeriesare then posedto the relationalback-end,
andresultsare obtained.We will discussthe architectureandim-
plementatiordetailsof our prototype,andgive a detaileddescrip-
tion of thealgorithmsusedin querytranslation.

1 Introduction

As moreandmorestructurednformationis migratedto the World
Wide Web, it is becomingnecessaryo publishit in sucha way
thatit canbe retrieved andviewed by all parties.As a solutionto
this problem,the World Wide Web Consortium(W3C) hascreated
the eXtensibleMarkup Language(XML) standard10, 11]. This
markuplanguagejnheritedfrom SGML, allows documentsrit-
tenin it to specifytheir own schema.This allows for tremendous
flexibility in designingsemi-structuredollections,while solving
the problemof platformandapplicationdependenceApplication-
definedschemaslso allow XML documentgo maintainhierar
chical continuity over the datathey representwhich clearly has
tremendousdantagesvhenoneis working with dataof a hierar
chicalnature.

BecauseXML is arelatively new standardmethodsandtools
for searchingcollectionsof it arestill beingresearchednddevel-
oped. Therearea large numberof proposedjuerylanguagesgor
XML databutastandardchasnotyetbeemgreedipon[12,17,19].
We choseto implementXML-QL [14, 15, 13], one of the most

matureandfull featuredanguage$eingconsideredor standard-
ization. Our prototypeis ableto combinethe proven technology
of relationaldatabaseand SQL with an XML-specific querylan-

guagein XML-QL to provide a reliable and scalablemethodfor

storingandsearchinga corpusof XML documents.

Section2 will give backgroundnformationon the problemsat
hand. Section3 will discussherelationalarchitectureof our pro-
totype, closely examiningour schema.Section4 will discussour
approachto translatingXML-QL queriesto SQL. Section5 will
give asummaryanddirectionsfor futurework.

2 Background

The developmentof our prototypehasbeenchiefly driven by two
mainproblemsthatarefacedby thecommunityof XML usersthe
selectionof an appropriatequerylanguageandthe selectionof a
platform. Wewill give backgroundnformationonthestateof each
problemhere.

2.1 Query Languages

In orderfor the XML standardo becomepracticallyusableasa
documentformat, there must be a way to searchcollectionsof
XML datain aconcisegffective manner XML is asemi-structued
dataformat[18, 20], whichis to saythatit canbeusedto addadi-
mensionof structureto datathatis primarily text-based.As such,
thequerylanguageshatarecurrentlymostpopularwith structured
and unstructureddataare not suitable,asthey do not fully real-
ize the capabilitiesprovided by XML. Keyword Searchwhich is
mostoftenusedto expressquerieson unstructurediata,is tooim-
preciseto expressa queryon datacontainingsemi-structurakle-
ments.Similarly, SQL (StructuredQueryLanguage)whichis the
mostwidely usedquerylanguageor structureddata,is difficult to
usefor searchingsemi-structuredlata,asit imposeshighly strin-
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gentstructuralelementson the user Additionally, neithernatural
languagenor SQL arevery well-suitedto expressinghierarchical
queries. To transcendheserestrictions,a large numberof XML
query languageshave beendeveloped[16, 19|, andthe W3C is
currentlyreviewing several of themfor standardization.

2.2 Storage Platforms

In additionto the problemof anappropriatequerylanguagethere
are varying opinionson how to beststore hierarchicaldata,and
alsoon the bestmethoddor indexing it. Somehave tried to build
treestructurego hold the data,but this lacksportability and can-
nottake advantageof themary featuregpresentn databaseystems
[8]. Oneapproactisto build adatabassystenspecificallytailored
to storingsemi-structurediata[21, 22]. This approachs adwanta-
geousin that, it allows indexing structuresandqueryoptimization
to be specificallytailored towardssemi-structurediata. Unfortu-
nately relationaldatabaseareinherentlyflat in structure andit is
difficult to maphierarchicaldataonto them. This forcesmostde-
velopersof semi-structuredatabaset® basetheirapproactonthe
lesspopularobject-orientediatabaselesign. While this approach
clearlyhasits rootsin thedatabaseommunity othersapproachhe
problemwith traditional InformationRetrieval techniqueschoos-
ing to build invertedindex structureausingthe valuesof nodesin
an XML documen{23, 24]. This allows mary commonIR tech-
niquesto be usedfor evaluatingthe similarity of a query andis
very well suitedto performingfree-text searche®n the data. A
dravbackof this approachs thatit becomedifficult to queryfor
documentavhich containa certainrangeof values,andthe struc-
ture of aninvertedinde, like that of a databaseis flat, making
the storageof hierarchicaldataa concern.In orderto achieve the
benefitsof both of thesestrateyies, while still preservingdatahi-
erarchy muchresearchasfocusedon storingboththe XML data
andit’s hierarchyin arelationaldatabas¢2, 3, 4, 7]. A common
methodfor doingthis involvesextractinganappropriateelational
schem&rom the schemasndDTD’s of XML documentg13, 6].
We extendon this approactby developinga queryprocessingys-
temwith an unchangingrelationalschemaand supportfor XML
document®f ary schema.

3 Reélational Architecture

The architectureof our prototypeusesa relationaldatabasesthe
back-endstoragemechanisnfor thesourcecollectionof XML doc-
uments. In orderto efficiently store XML documentswe have
developeda relationalschemawith two critical properties:it can
supportXML document®f ary schemawithout modification,and
it allows for the preseration of hierarchyin adocumenthatis en-
teredinto the system.Thelatter propertyof the schemasolvesthe
mostlimiting factorimposedy flat relationalstructures.

Our prototype contains an indexing module, which accepts
the sourceXML documentsand builds an index of themin the
databaseTheindex structureis storedin therelationscontainedn
ourschemaEachincomingdocuments givenauniquelD, andhas
theentiretyof its contentstoredasa TEXT field in onerelation.As
the documentsare enterednto the databasethey are parsedwith
XERCES,aDOM-compliantXML parseyandall uniquepathsare
extracted.A relationexistswhich containseachuniquepathfound

VWHERE
<Set of Path Conditions>
<Set of Predicate Conditions>
I N <col | ecti on>
CONSTRUCT
<request ed out put specification>

Figurel: SimpleXML-QL Query

in thecollection,alongwith auniquelD. A similaroperatioris per
formedfor all uniquetagsandall uniqueattributes,eachof which
hasits own uniquelD andis storedin its respectie relation.

Onceall of the uniquetags,paths,andattributesin a document
have beendiscorered,anindex of thedocuments built in amaster
relation which joins acrossthe tag, path, and attribute relations.
Therecordsin this relationrecordthe properforeign keys for the
currentpath,tag name,and attribute name,andthey alsocontain
the elementtype (tag or attribute), and elementvalue, alongwith
auniquelD for eachrecord,andthelD of thedocumenthateach
recordis built from. Clearly, ourindex relationwill containalarge
numberof records gvenfor smalldocuments.

4 Query Trandation

In order to query the index relations createdin our back-end
databasewe developeda methodto translatequeriesexpressedn
XML-QL to a setof SQL querieswhich produceresultsthat are
equivalentto thoseof the original XML-QL query A singleSQL
queryis generatedor eachdistinct XML-QL queryblock (nested
queriesdemandtheir own distinct SQL queries),so we cantake
full adwantageof the database’queryoptimizationtechniqueslin
orderto parsethe XML-QL queries,we utilize the grammarand
parseiprovidedby the AT&T Researchaboratoriestheinitial de-
velopersof theXML-QL querylanguagd15]. We usedtheirquery
parsetto createa parsetreefor theposedjueriesandimplemented
a visitor that traversesthat parsetree and builds the appropriate
SQL.In orderto discusghe specificsof thealgorithmsused some
backgroundnwhatcomprisean XML-QL queryis needed.

41 XML-QL Query Structure

An XML-QL Query on avery generalevel, hasstructuresimilar
to the one shawn in Figure 1. EachWHERE clausein a query
cancontaina numberof conditions,where conditionsare either
atagpatterrthat the documentmustmatch,or a predicate which
imposesa setof limiting conditionson avaluein thedocuments.

4.2 Tag-Path Condition Translation

In orderto constructa SQL queryequialentto a Tag-Rath condi-
tion, we mustgatherthe full pathfor this conditionandall bound
variableswhich appearinsideit. When the visitor encountersaa
Tag-Rath conditionin the parsetree, its childrenarevisitedin se-
guence Oncetheprocessingf TagPatternandits childrenis com-
plete,we canusethegatherednformationto build our SQL queries
for this condition. This is doneby selectingall documentfrom
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our databasevhich containall of the pathsdiscoreredby the vis-

itor, andensuringthatall elementandattribute valuesspecifiedin

the query occur at the properpaths. This processrequiresa se-
ries of self-joins,onefor eachdistinct pathelementiocatedin the
Tag-Rath condition. Thesejoins are limited by ary literal values
thatwereprovidedin the paths.They areselectedf andonly if a
variableis boundto their pathandusedin the CONSTRJCT state-
ment. The boundvariablesvaluesare not selectedf they arenot
neededo construcioutput.

4.3 Predicate Condition Trandation

Oncethe appropriateSQL for implementingthe conditionsim-
posedby the TagPattern conditionsin the query hasbeengener
ated,we focusour attentionon the Predicateconditions.Predicate
conditionsaremostoftenusedto posesomerestrictionontheresult
setbasedon thevalue,or arangeof possiblevalues for someele-
mentin thesourcecollection. As such,they arethe mostcommon
methodfor limiting the joins performedon thetag paths.For each
predicate the visitor processe¢he lvalue,relationaloperatoy and
rvalueout of the parsetreeandcorvertsthemto their SQL equiv-
alents. This expressionis returnedto the higherlevel visitor calls
whereit is appendedo the singleSQL querys WHERE condition
to limit thejoin correspondingo the tag path(s)which boundthis
variable(s).

4.4 Result Construction

Resultsareconstructedy replacingvariablevaluesreturnedfrom
the SELECTstatemeninto theresulttemplateprovidedby theuser
in the CONSTRJCT statementThis templatecanhave embedded
conditionsfacilitatedby nestedXML-QL queriesfor addedflexi-
bility, in which casethoseXML-QL queriesareconvertedto SQL
andexecutedto enablereplacemenbf their resultsinto the higher
level template. A significantfeatureof our systemis thatit does
not do ary processingf the resultsbeyond this text replacement.
All queryprocessings carriedout in the SQL query andresults
aredirectly extractedfrom theresultsof that.

5 Summary and Future Work

We have presenteda prototype systemfor efficient storageand
queryingof large collectionsof XML data.Othershave examined
the questionof the relationalstructurefrom the standpoiniof per
formance[1l]. We will extendon the high-performancestructures
presentedo enablefull XML-QL queriesto begeneratedor them
usingour algorithms.

We arealsoworking to generalizehe storageandretrieval sys-
tem to be a record-basedatherthan a document-basedystem.
This approachwill allow the systemto query large single XML
documentghatmay containmary records andreturneachmatch-
ing record,thusgiving the query systema muchfiner granularity
Researclinto the performanceffectsof breakinglargedocuments
into smallerchunksfor context indexing will alsobe performed.

Thereis alsowork to be donein possiblyaddinga free-text ex-
tensionto XML-QL, whichwouldallow for easyintegrationof our
systemaspartof aweb-basegbortalor mediator
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