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ABSTRACT
While the XML StylesheetLanguagefor Transformations(XSLT)
wasnot designedasa query language,it is well-suitedfor many
query-like operationson XML documentsincluding selectingand
restructuringdata. Further, it actively ful�lls the role of an XML

querylanguagein modernapplicationsandis widely supportedby
applicationplatformsoftware. However, theuseof databasetech-
niquesto optimize and executeXSLT hasonly recentlyreceived
attentionin the researchcommunity. In this paper, we focus on
the casewhere XSL transformationsare to be run on XML doc-
umentsde�ned asviews of relationaldatabases.For a subsetof
XSLT, we presentan algorithmto composea transformationwith
an XML view, eliminating the needfor the XSLT execution. We
thendescribehow to extendthis algorithmto handleseveraladdi-
tionalfeaturesof XSLT, includingaproposedapproachfor handling
recursion.

1. INTRODUCTION
As XML hascontinuedto gain popularityasa standardfor in-

formationrepresentationandexchange,toolsto renderandpresent
XML areincreasinglysupportedby commonapplicationplatforms.
Many of thesetoolsimplementaW3Cstandard,theXML Stylesheet
Langauge[16]. This languageis divided into transformationand
formattingsubsystems.As implied by the name,the transforma-
tion subsystemreorganizesthetreestructureof an XML document
andtheformattingsubsystemrenderstheresultinto a displayfor-
mat. In fact, the transformationsublanguage,appropriatelycalled
XML StylesheetLanguageTransformations,or XSLT, hasproven
very popularwith developersandis oftenimplementedasa stand-
alonetool. Someof thewell-known implementationsof XSLT are
XT [18], SAXON [10] andXALAN [13]. Commonusesof XSLT in-
cludetranslatingXML to HTML, andmodifyingor selectingpartof
an XML document.Unlike XQUERY [14], XSLT wasnot expressly
designedasa query language.Nevertheless,XSLT caneasilybe
usedfor “query-like” transformations.It alsoshareswith XQUERY

theuseof XPATH [15] for pathevaluation.
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Despitewidespreaduseof XML standardsfor businessdataex-
change, thevastmajorityof businessdatais storedandmaintained
by relationaldatabasesystems. In fact, XML-publishingmiddle-
ware technology, proposedby the researchcommunity [2, 4, 6,
12], is rapidly beingimplementedby relationaldatabasevendors
to ensurethat XML-centricapplicationsarewell supported.Such
middlewareprovidesadeclarativeview querylanguagewith which
to specify the desiredmappingbetweenthe relationaltablesand
theresultingXML document.Basedon themappingde�ned by the
view query, a portionof thedatabasecanbeexportedasXML.

Given the respective importanceof XML views and XSLT, it is
importantto proposeef�cient executionof XSLT stylesheetsagainst
XML-publishingviews. A straightforward approachfor accom-
plishingthiswouldbeto fully materializetheXML view asanXML

document,uponwhich anXSLT stylesheetis evaluated.
Thisapproachis problematicfor largedocumentsor complicated

stylesheets,simply due to performanceproblemsthat commonly
arisewith XSLT evaluationon large documents.Recentwork has
exploredoptimizing theexecutionof XSLT transformationsby in-
corporatingXSLT processingintodatabasequeryengines[9]. How-
ever, evenif XSLT evaluationcanbemadescalableandef�cient, it
maynotbeagoodsolutionfor XML documentspublishedfrom re-
lationaldatabasesystems.For example,it is notactuallynecessary
to materializemany of thenodesin theview queryto producethe
correctXSLT resultdocument.First, nodetypesnot referencedby
any XPATH expressionsin the XSLT stylesheetneednot bemateri-
alized. Similarly, nodesthat do not matchselectionconditionsin
theappropriateXSLT templatesarenot useful. Finally, intermedi-
atenodesalongthe XPATH expressionneednot bematerializedif
they arenotpartof theresult.

Theseobservations argue for a view compositionapproachto
supportingXSLT in relationalXML middleware. In this paper, we
take the view compositionapproachanddevelop techniquesthat
supportexecutionof XSLT againstXML-publishingviews by �rst
composing,asmuchaspossible,thetransformationsin astylesheet
with a publishingview, resultingin a composedstylesheetview.
Evaluating the stylesheetview on a databaseinstanceresultsin
thesameXML documentthatwould beproducedby evaluatingthe
XSLT stylesheeton the original XML view. The stylesheetview
doesnot generatetheunnecessarynodesdescribedabove, promis-
ing improved ef�ciency. In addition, this approachremoves the
costof parsingandXSLT processing.Rather, the XSLT processing
is pushedinto SQL queriesprocessedby relationalqueryengines.
In fact,suchview compositionalgorithmshave beendesignedfor
userXQUERY or XPATH queriesto beef�ciently executedby XML
publishingmiddlewaresandrelationalengines[11, 5]. We argue
thatsimilar techniquesshouldbedevelopedwith XSLT.

To accomplishthis, we de�ne a restrictive subsetof XSLT that



we term XSLTbasic , and give an algorithm that can composean
XSLTbasic stylesheetwith anXML view de�nition to produceanew
XML view de�nition, the stylesheetview. At a high level, the al-
gorithmconsistsof threesteps.First,a graphrepresentingthepro-
cessingdoneby the XML stylesheetis constructed.Second,this
graphis combinedwith a graphrepresentationof the XML view
queryby matchingpairsof nodesfrom thetwo graphsin a manner
similarto thecreationof across-productautomaton.Finally, there-
sultinggraphis prunedto remove unnecessarynodesandmodi�ed
to handleformattinginstructions,producingthestylesheetview.

An alternative to composingXSLT with view queriesis to trans-
late XSLT to XQUERY [1], andthenusetechniquessuchas those
proposedin [11] to composetheresultingXQUERY expressionwith
theview query. While thisapproachis promising,wearenotaware
of any publishedtechniquesfor performingthis conversion,andit
mayintroducenew complexities. Further, techniquesdevelopedin
thispaper(suchasmergingselect-expressionswith match-patterns)
would apparentlyberequiredfor sucha conversion.

Theonly prior work of whichweareawareonusingSQL engines
to executea classof XSLT transformationsis [7]. While a detailed
comparisonwith [7] is deferredto Section6, our approachdiffers
in threekey ways: 1) our algorithmproducesan XML view query
ratherthanan SQL query, 2) [7] divides the XSLT transforminto
a setof pathsandprocesseseachseparately, while our algorithm
composesthestylesheetasa wholewith thepublishingquery, and
�nally theextensionsto ouralgorithmin Section5 addressfeatures
of XSLT suchaspriority thatarenotaddressedby [7].

The focusof this paperis on the view-compositionalgorithm,
ratherthanon optimizationof eitherthecompositionalgorithmor
the resultingqueries. We defer experimentalevaluationand full
considerationof optimizedexecutionstrategiesfor XSLT view com-
positionqueriesto futureresearch.

Theoutlineof theremainderof thepaperis asfollows. In Sec-
tion 2, we introducethe conceptsandnotionsof XML publishing
views and XSLT stylesheets.In Section3, we overview the algo-
rithm by describingthedatastructuresgeneratedin the four steps
of thealgorithm. In Section4, we describethedetailsof thealgo-
rithm, andin Section5, wedescribehow to extendthealgorithmto
handlemoregeneralXSLT stylesheets.Relatedwork is discussed
in Section6, followedby ourconclusionanda discussionof future
work in Section7.

2. BACKGROUND
In this section,we brie�y introduceXML-publishingviews and

XSLT stylesheets.

2.1 Schema­TreeQueries
In this section,we introducethenotionof a view queryin XML-

publishingmiddleware.SILKROUTE [5, 6] de�nes XML views us-
ing RXL andqueriesthemwith XML -QL and XPERANTO [4, 11,
12] usesXQUERY. Throughoutthis paper, we usetheview-query
speci�cationformatasde�ned in ROLEX [2, 3]. Thisqueryformat,
referredto asa schema-treequery, is meantto capturea rich setof
XML view queries,andis adaptedfrom theintermediatequeryrep-
resentationof SILKROUTE. While ROLEX focuseson a particular
systemarchitecturewith tight integrationbetweenthe application
andtheDBMS, ouralgorithmfor composingXSLT with XML views
doesnot rely on any particularfeaturesof ROLEX, andthuswe ex-
pectit to bereadilyadaptableto otherXML view languages.Details
of schema-treequeriescanbe found in [2]. Below we brie�y in-
troduceschema-treequeriesusinga de�nition andan illustrative
example.

FROM confroom, hotel
WHERE chotel_id=hotelid

AND metro_id=$m.metroid

Qcs=SELECT SUM(capacity)

$m$cs(2) <confstat> $h<hotel>

Qh=SELECT *
FROM hotel
WHERE metro_id=$m.metroid

AND starrating > 4

$m(3)

<metro> $m

Qm=SELECT metroid, metroname
FROM metroarea

(1)

$s<confstat>

Qs=SELECT SUM(capacity)
FROM confroom
WHERE chotel_id=$h.hotelid

$h(4)

FROM confroom
WHERE chotel_id=$h.hotelid

Qc=SELECT *

$h<confroom>(5) $c

Qa=SELECT COUNT(a_id), startdate
FROM availability, guestroom
WHERE rhotel_id=$h.hotelid

GROUP BY startdate
AND a_r_id=r_id

(6) $a $h<hotel_available>

AND a_r_id=r_id

Qv=SELECT COUNT(a_id)
FROM availability, guestroom, hotel
WHERE rhotel_id=hotelid

AND metro_id=$m.metroid
AND startdate=$a.startdate

<metro_available>(7) $v $a, $m

/

Figure1: Exampleschematr eeview query.

hotelc hain (chainid, companyname, hqstate)
metr oarea(metroid, metroname)
hotel (hotelid, hotelname, starrating, chain id

metro id, state id, city, pool, gym)
guestr oom (r id, rhotel id, roomnumber, type, rackrate)
confr oom (c id, chotel id, croomnumber, capacity, rackrate)
availability (a id, a r id, startdate, enddate, price)

Figure2: Hotel reservation schema.
De�nition 1: A schema-treequery v is a setof nodesf n i g, each
of which is a 6-tuple(id(n i ), tag(n i ), bv(n i ), parameter s(n i ),
Qbv ( n i ) , chil dr en(n i )), whereid(n i ) isauniqueidenti�er, tag(n i )
is thetag,bv(n i ) is thebindingvariableof n i , parameter s(n i ) is
thesetof parametersof Qbv ( n i ) , which is thetag queryof n i , and
chil dr en(n i ) is thesetof child nodesof n i .

Figure1 shows anexampleof schema-treequerythatde�nesan
XML view on thetablesof Figure2, in orderto supportconference
planningby showing candidatehotelsalongwith informationabout
availability of roomsin thesamemetroarea.

The id of a nodeis usedto identify a nodeuniquely in v. For
example,in Figure1, therearetwo nodesthat have the sametag
<confstat> , but different ids, 2 and4. Eachtuple returnedby
the tag query Qbv ( n i ) becomesan elementin the resultingXML

documentwith XML tagtag(n i ); this elementis saidto have been
generatedby n i . For example,thenodewith id 1 in Figure1 has
associatedwith it the tag <metro> andthe tag query“Qm = SE-
LECT metroid, metroname FROM metr oarea .” This queryde�nesa
list of metropolitanareasthatbecomesiblingnodesin theresulting
XML document,eachtaggedwith the<metro> tag(auniquedocu-
mentroot is implied). Relationalattributesfrom theSELECT clause
appearasXML attributesthegeneratedelement.

Tagqueriesmaybe parameterizedby zeroor moreparameters,
associatedwith bindingvariables.Wereferto thequerythatde�nes
binding variablebv(n i ) asQbv ( n i ) , with parameters(n i ) as the
bindingvariablesusedin thebodyof thequery. Thebindingvari-
ablebv(n i ), a tuple variablerangingover the resultsof Qbv ( n i ) ,
is usedasa parameterwhenspecifyingthe tagqueriesof descen-



<xsl:template match="pattern" mode=integer>
<Result>

<xsl:apply-templates select="expression"/>
</Result>

</xsl:template>

Figure3: Skeletonof XSLT template rule.
<xsl:template match="/"> (R1)

<HTML>
<HEAD></HEAD>
<BODY>

<xsl:apply-templates select="metro"/>
</BODY>

</HTML>
</xsl:template>

<xsl:template match="metro"> (R2)
<result_metro>

<A></A>
<xsl:apply-templates

select="hotel/confstat"/>
</result_metro>

</xsl:template>

<xsl:template match="confstat"> (R3)
<result_confstat>

<B></B>
<xsl:apply-templates

select="../hotel_available/../confroom"/>
</result_confstat>

</xsl:template>

<xsl:template match="metro/hotel/confroom"> (R4)
<xsl:value-of select="."/>

</xsl:template>

Figure4: An exampleof XSLT stylesheet.

dant nodesof n i . For example, the variablem associatedwith
<metro> is usedasa parameterin tag queriesfor <hotel> and
<metro available> to referto theattributem .metroid.

The remainderof the view in Figure 1 de�nes the following.
The tag query, Qh (m) for <hotel> is parameterizedby the tu-
ple variablem rangingover metropolitanareasandgivesa list of
hotelsin that metropolitanarea. The tag query, Qa (h), for <ho-
tel available> countsavailable roomsat the given hotel in a
certain �x ed time period, whereasthe tag query, Qv (m; a) for
<metro available> countsthetotalavailableroomsin theentire
metropolitanareafor thatsametimeperiod.In separatebranchesof
theschema-tree,summaryanddetailinformationaboutconference
roomsis given by the nodeswith tags<confstat> and<conf-
room> respectively.

2.2 XSLT
In this section,we brie�y introduceXSLT, show how stylesheets

aremodeled,andintroducea working example.

De�nition 2: An XSLT stylesheetx is asetof templaterulesf r i g,
eachof which is a 4-tuple (match(r i ), mode(r i ), pr ior ity (r i ),
output (r i )), wherematch(r i ) is thematch patternof r i , mode(r i )
is themodeof r i , pr ior ity (r i ) is thepriority of r i , andoutput (r i )
is theoutput-treefragmentof r i .

Theskeletonof a templaterule is shown in Figure3, andanex-
amplestylesheetin Figure4,whichcontainsfour templaterulesR1
throughR4. Thematchpatternof a templaterule,match(r i ), is a
pattern[16] andis essentiallya subsetof XPATH pathexpressions
containingonly child, descendant(“//”), and attribute axes [15].
For example,asshown in Figure4, match(R2) is “metro” . The
modeof a rule, mode(r i ), is a symbolthatallows rulesto bepar-
titioned; that is, rule invocationsmustmatchin modeaswell as

match pattern. If there is no mode attribute, the XSLT proces-
sor will set it to be a default value. Similarly the priority of a
rule, pr ior ity (r i ), is an integer, usedin con�ict resolutionandis
brie�y discussedin Section2.2.1. The output tree fragmentfor
a rule, output (r i ) controlsthe structureof a rule's output. For
(R2) of Figure 4, the output tree fragmentconsistsof the <re-
sult metro> tag andits contents.output (r i ) may containa set
of <xsl:apply-templates> nodes,apply(r i ) = f aj g, asde-
�ned below.

De�nition 3: An apply-templates node, aj , is a 2-tuple of the
form (select (aj ), mode(aj )), whereselect (aj ) is the selectex-
pressionof aj , andmode(aj ) is themodeof aj .

select (aj ) is a subsetof XPATH expressions[15] intendedto en-
surethatresultsof theexpressionarenodesratherthanatomicval-
ues. In (R2) of Figure4, thereis only oneapply-templatesnode
andits selectexpressionis “hotel/confstat”. mode(aj ) limits the
ruleswhichmaymatchasdescribedabove.

2.2.1 XSLT ProcessingModel
BasicXSLT processingconsistsof context transitionsfromagiven

XML documentcontext nodeto a new context noderecursively,
startingfrom the root asthe original context node,concatenating
resultsin traversalorder. Thisisshown asafunctionPROCESS in
Figure5. Context transitionis realizedby two functions,MATCH
andSELECT [17].

For anXML documentcontext nodedcon anda rule r i , thefunc-
tion MATCH (dcon ; r i ) returnstrue if match(r i ) matchessome
suf�x of theincomingpathfrom thedocumentrootto dcon . These-
manticsof aselectexpressionis afunctionSELECT . For anXML

documentnodedcon matchedby a rule r i andanapply-templates
nodeaj 2 r i , SELECT (dcon ; aj ) returnsa setof nodesselected
by select (aj ), with dcon asthedocumentcontext node.

In step3 of Figure5, thealgorithmchecksthatmode(r i ) is the
desiredmodeandthatMATCH (dcon ; r i ) returnstrue. If multiple
rulesmatch(step2), the XSLT processoremploys a con�ict detec-
tion andresolutionschemethatappliesonly therulewith thehigh-
estpriority [16]. Oncea rule is activated,then,in steps4-10dcon

is usedto instantiateoutput (r i ) to constructthe resultingdocu-
mentfragment.select (aj ) evaluatedon dcon resultsin a nodeset
D new con . Theapply-templatesnodesaj 2 apply(r i ) arereplaced
with theconcatenationof resultingdocumentfragmentsproduced
by recursively processingeachnodednew con 2 D new con with
mode(r i ) asthe desiredmode. Thereforethe resultof executing
stylesheetx on XML documentd is PROCESS(x; r oot; 0), where
r oot is therootnodeof d.

In XSLT, therearespecialtemplaterulescalledbuilt-in template
rules[16] which causetheinput documentto becopiedto theout-
put. In all examples(includingFigure4), we list all templaterules
that will be processedandthe readershouldassumethat built-in
ruleshave beenoverridden.

2.2.2 XSLTbasic

We �rst develop analgorithmto processa subsetof XSLT, that
wecall XSLTbasic , whichhasthefollowing restrictionsonXSLT: (1)
no type-coercion,(2) no documentorder, (3) no recursion,(4) no
predicates,(5) no �o w-controlelements,(6) no con�ict resolution
for templaterules, i.e., no con�icting rules, (7) no functionsand
aggregations,and (8) no variablesandparameters,(9) no useof
the descendent(==) axis, (10) select attribute of <value-of> or
<copy-of> elementcanonly be“ . ” or anattribute“@attribute ”.

Referto [16] for detailsof (1)-(9). Restriction(10) is relatedto
thesimplemodelof outputformattingusedin this paperin which



Function PROCESS(x; dcon ; mode)
Input: XSLT stylesheetasx, Context documentnodeasdcon ,

Desiredmodeof thematchedruleasmode
Output: XML documentfragmentasresult
1: result  empty
2: for r i 2 x in decreasingorderof pr ior ity (r i ) do
3: if mode(r i ) = mode andMATCH (dcon ; r i ) then
4: result  output (r i )
5: for aj 2 apply(r i ) do
6: D new con  SELECT (dcon ; aj )
7: sub result  empty
8: for dnew con 2 D new con do
9: sub result  concatenate(sub result;

PROCESS(x; dnew con ; mode(aj )) )
10: Replaceaj in result with sub result
11: return result

Figure5: Algorithm for XSLT processing.

valuesproducedfrom thedatabasealwaysappearasattributesof a
node. We do not considerdocumentorder in this paperandcon-
siderit partof futurework. In Section5, we extendouralgorithms
to processsupersetsof XSLTbasic that include(4), (5) and(6). We
believe theresultingsubsetof XSLT will covera reasonablevariety
of XSLT stylesheetsappliedto XML-publishingviews, but plan to
extendthefragmentwe cover in futurework. Finally in Section5,
we proposeby exampleanapproachfor handlingrecursion.

3. ALGORITHM OVERVIEW
Givena schema-treequeryv andan XSLTbasic stylesheetx, our

algorithmgeneratesanew schema-treequeryv0 (calledastylesheet
view), ensuringthat for any relationaldatabaseinstanceI , the re-
sult of queryv0 on I is thesameasthe resultof runningx on the
result of queryv on I , i.e. v0(I ) = x(v(I )) . The completeal-
gorithmis given in Figure9. In this section,we introducethekey
datastructuresandfunctionsusedin view composition.A detailed
descriptionof thealgorithmappearsin Section4.

For schema-treequeryv and XSLT stylesheetx, our algorithm
beginsby generatinga context transitiongraph(CTG).This graph
(a) combinestheselectingandmatchingstepsin XSLT processing,
and (b) capturesthe context transitionsthat occurwhen evaluat-
ing x on a documentproducedby v. From the CTG, a traverse
view query(TVQ) is generated,which by de�nition is a schema-
treequery. TheTVQ capturesthetraversalactionsof x on v. The
�nal stepof our algorithmgeneratesoutputtag treesthatarecom-
binedwith theTVQ to generatetheoutputstylesheetview, v0.

In this section,we introducethe above structuresanddescribe
how thesestructuresrelateto XSLT processing.A detaileddescrip-
tion of thestepsto generatetheCTG,TVQ, andstylesheetview are
givenin Section4.

3.1 Context Transition Graph (CTG)
The context transitiongraphfor an XSLTbasic stylesheetx exe-

cutedon a schema-treequeryv, CTG(v; x), is a multigraphwith a
setof nodesM anda setof edgesE . Eachnodem 2 M , is anno-
tatedby apair (n; r ), wheren is anodein theschema-treequeryv
andr is an XSLTbasic templaterule in x. TheCTG for Figure4 is
shown in Figure6, wherewe use(id (n), tag(n)) to representthe
noden. (Although id (n) canidentify a noden uniquely, the re-
dundanttag(n) easespresentation.)Intuitively, theexistenceof a
node(n; r ) in CTG meansthatoneor moreof the XML document
nodesgeneratedby noden maybe matchedby rule r . An edge,
saye = ((n0; r 0); (n; r ); aj ), incomingto this nodeindicatesthat

combine ("metro", "metro")
root
(query context node)

metro
(new query context node)

hotel

metro

(query context node)
confstat

confroom

hotel_available

"metro/hotel/confroom")
combine ("../hotel_available/../confroom",

(new query context node)

((0, root), R1)

((1, metro), R2)

((4, confstat), R3)

((5, confroom), R4)

combine ("hotel/confstat", "confstat")

hotel

metro (query context node)

confstat
(new query context node)

e1

e2

e3

smt(e1)

smt(e2)

smt(e3)

Figure6: Context Transition Graph for Figure4.

the �ring of rule r 0 on a documentnoded generatedby n0, might
leadto oneor moredocumentnodesgeneratedby n appearingin
select (aj ) for someaj 2 apply(r 0). (Sincethis may be true for
multiple apply-templatenodes,CTG(v; x) is a multigraph.)Asso-
ciatedwith eachedgeis a tree-patternquery, smt(e), referredto
astheselect-match subtreefor e. Intuitively, smt(e) combinesthe
select-expressionof aj with thematch-patternof r , andis produced
by thefunctionCOMBINE , describedin Section3.5.

The left-handsideof Figure6 shows the CTG producedwhile
composingthe stylesheetshown in Figure4 with the schema-tree
queryof Figure1 (theright-handsideof this �gure is discussedin
Section3.5). Consideredgee2; this edgeis presentbecauseap-
plying theselectexpression“hotel/confstat” whichappearsin rule
R2 to a documentnodeproducedby themetro node(id=1) in Fig-
ure 1 canpotentiallyleadto nodesproducedby the confstatnode
(id=4) beingmatchedagainstrule R3. Notethat,while Figure6 is
a simplepath,CTGsfor XSLTbasic stylesheetsareactuallydirected
acyclic multigraphs,andcanbegeneralmultigraphsif recursionis
allowed.

3.2 TraverseView Query (TVQ)
The traverse-view queryis a schema-treequeryproducedfrom

theCTG.Intuitively, thenodesin theTVQ will generatethosedoc-
umentnodesthatmaybecomecontext nodesduringstylesheeteval-
uation. In this sense,it supportsthe traversal of theoriginal XML

documentby the XSLTbasic stylesheet.Oneor morenodesappear
in the traverse-view queryfor eachnodein the context transition
graphfrom which it is generated,with nodesbeingduplicatedso
thateachnodehasa singleincomingedge.Thetree-patternquery
of smt(e), wheree = ((n1 ; r 1); (n2 ; r 2); a), in thecontext transi-
tion graph,is translatedinto a tagqueryin thequerynodeassoci-
atedwith (n2 ; r 2). TheTVQ of Figure4 is shown in Figure7(a).

3.3 Output Tag Tree(OTT)
ThegeneratedTVQ traversesthedocumentnodes,but doesnot



<confroom>

pseudo�root

/
<HEAD> <BODY>

<HTML>

<HEAD> <BODY>

<HTML>

Qm_new=SELECT metroid, metroname
FROM metroarea

<metro> $m_new

AND EXISTS (SELECT COUNT(a_id), startdate

FROM confroom

FROM availability, guestroom

AND a_r_id=r_id
GROUP BY startdate)

Qc_new=SELECT *

WHERE chotel_id=$s_new.hotelid

WHERE rhotel_id=$s_new.hotelid

<confroom> $c_new $s_new

AND EXISTS (SELECT COUNT(a_id), startdate

FROM confroom

FROM availability, guestroom

AND a_r_id=r_id
GROUP BY startdate)

Qc_new=SELECT *

WHERE chotel_id=$s_new.hotelid

WHERE rhotel_id=$s_new.hotelid

<confroom> $c_new $s_new

FROM confroom, (SELECT *
FROM hotel

AND starrating > 4
) AS TEMP

WHERE chotel_id=TEMP.hotelid
GROUP BY TEMP.hotelid, ... , TEMP.gym

Qs_new=SELECT SUM(capacity), TEMP.*

WHERE metro_id=$m_new.metroid

<confstat> $s_new $m_new

<B>

<A>

<result_metro>

(c) Stylesheet View (b) Output Tag Tree

((5,confroom), R4)

((4,confstat), R3)

((1,metro), R2)

((0,root), R1) 

(a) Traverse View Query

pseudo�root

pseudo�root

<A>

<B>

FROM confroom, (SELECT *
FROM hotel

AND starrating > 4
) AS TEMP

WHERE chotel_id=TEMP.hotelid

WHERE metro_id=$m_new.metroid

$s_new $m_new

Qm_new=SELECT metroid, metroname
FROM metroarea

<result_confstat>

pseudo�root

<result_metro> $m_new

<result_confstat>

Qs_new=SELECT SUM(capacity), TEMP.*

GROUP BY TEMP.hotelid, ..., TEMP.gym

Figure7: (a) TraverseView Query, (b) Output Tag Trees,and (c) StylesheetView for Figure4.

generatethe expectedoutput. To produceoutput, for eachnode
(n; r ) in the traverseview query, we generateanoutputtag treet
correspondingto r . Theoutputtagtreesfor Figure4 areshown in
Figure7(b). We connectall the output tag treesto form a single
outputtag tree. Thedetailsabouthow the treesaregeneratedand
connectedarediscussedin Section4.3.

3.4 StylesheetView
Combiningthetraverseview queryandoutputtagtrees,wegen-

eratethestylesheetview v0 for theXSLT stylesheet,asis shown in
Figure7(c). Thecombinationentailscopying thetagqueryfor each
node(n; r ) in thetraverseview queryinto therootof theoutputtag
treefor (n; r ). This is discussedin Section4.4.

3.5 FunctionsUsedin Composition
SELECTQ and MATCHQ are analogousto SELECT and

MATCH presentedin Section2.2.1,but they operateon schema-
treenodesratherthandatanodes.RecallthatbothSELECT and
MATCH involve applyingpatternsto context nodes,eitherto de-
rive asetof new context nodesor to determinewhetherthecontext
nodesarematched.Correspondingly, whenwe applya patternab-
stractlyon a schema-treequery, thereis a querycontext node, and
anew querycontext node. For example,wemightapplythepattern
“hotel/confstat”abstractlyto thequerycontext node(1; metro) in
Figure1 anddeterminethatnode(4; confstat) is anew querycon-
text node.We alsointroducea third function,COMBINE , which
producestheselect-matchsubtreesassociatedwith eachedgein the
CTG.

Givenquerynoden andrule r , MATCHQ (n; r ) checksif the
templatepathmatch(r ) matchessomesuf�x of thepathfrom the

root to n in theschema-treequery. In XSLT, thematch(r ) contains
only child or descendant(“//”) axislocationsteps.SinceXSLTbasic

doesnot have thedescendantaxis,any matchwill correspondto a
unique,simplepath in the schema-treequery. If sucha pathex-
ists, it is returnedas a tree-patternquery, otherwiseNULL is re-
turned.As a result,if dcon is an instanceof n, MATCH (dcon ; r )
returnstrue if MATCHQ (n; r ) returnsa non-NULL value. For
example, in Figure 6, there is a node((5; confroom); R4), and
match(R4)=“metro/hotel/confroom”. Figure8 shows the corre-
spondingtree-patternquery, which hasthreenodes.

Givenquerynodesn1 andn2 , ruler , and<apply-templates>
elementa 2 apply(r ), SELECTQ (n1 ; a; n2) returnsatree-pattern
queryin whichn1 is thequerycontext nodeandn2 is thenew query
context node,or NULL. Thetree-patternquery(if oneis returned)
is derivedfrom select (a) by usingn1 asthecontext nodeandasso-
ciatingn2 with the�nal selection-stepin select (a). With selection
stepaxes limited to <child> and <parent> , the resultingtree-
patternwill beunique.For example,if a is theapply-templatesel-
ementin R3, thenselect (a)= “../hotel available/../confroom” and
thecorrespondingtree-patternqueryis theoneshown in thetopleft
Figure8.

Given the tree-patternquery t returnedfrom SELECTQ and
the tree-patternquery p returnedfrom MATCHQ , COMBINE
createsa combinedtree-patternquery as shown in Figure 8. To
accomplishthis, the two patternsarecombinedinto a new pattern
which is turnedinto a treeby a simpleuni�cation process,asfol-
lows. First, the nodemarked 'new querycontext node' in t and
the nodemarked 'query context node' in p areuni�ed. (Uni�ca-
tion succeedsif thetwo nodeshave thesameids.) If parentsof the
nodesjust-uni�ed exist in both queries,they areuni�ed, andthis
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Figure 8: Combining tr ee-pattern queries for select (a) and
match(r )

processis repeatedasmany timesaspossible.Notethatsinceboth
t andp areobtainedfrom theschema-treequery, theresultof this
processwill bea tree.Obviously, thefunctionwill fail if theinitial
uni�cation fails, but asCOMBINE is usedin this paper, they are
guaranteedto bethesameschema-treenode.

4. DETAILED ALGORITHM
Thedetailedstylesheet-compositionalgorithmis shown in Fig-

ure 9 anddescribedbelow in four stepscorrespondingto the four
datastructuresintroducedin Section3.

4.1 Step1: Generating the CTG
Givenaview queryv andastylesheetx, lines3 to 14 in Figure9

createctg = CTG(v; x). An edgee = ((n1 ; r 1); (n2 ; r 2); a)
will appearin ctg if andonly if thefollowing conditionsaresatis-
�ed: (1) MATCHQ (n1 ; r 1) 6= NULL, (2) MATCHQ (n2 ; r 2) 6=
NULL, (3) SELECTQ (n1 ; a; n2) 6= NULL, and(4) mode(a) =
mode(r 2).

Edge e is labeledwith the select-matchsubtreegeneratedby
the COMBINE function, which combinesthe tree-patternsfor
select (a) andmatch(r 2). Thenew querycontext nodein thetree-
patternfor select (a) is the sameasthe querycontext nodein the
tree-patternfor match(r 2).

4.2 Step2: Generating the TVQ
Thegenerationof thetraverseview queryin Figure7 takesplace

in lines16–22of Figure9 andproceedsby copying theCTG (line
16), turning the resultingstructureinto a tree(line 17), andsub-
stituting new binding variables(lines 18). Next the tree-pattern
queryfor eachedgeis translatedto a parameterizedSQL queryas
describedbelow. ThetranslatedSQL querybecomesthe tagquery
associatedwith thetargetnodeof theedge.

4.2.1 Generating theSelect­Match SubtreeQuery
This sectionexplains how to translatea select-matchsubtree

smt to an SQL query. This procedureis shown in the UNBIND
function of Figure10. Supposethe querycontext nodeandnew
querycontext nodeof smt arem andn respectively, and,n has
a tag query Qbv ( n ) (s1 ; s2 ; : : : ; sk ), parameterizedby k binding
variables,s1 ; s2 ; :::; sk . We recursively replacethe binding vari-
ablesappearingin Qbv ( n ) (s1 ; s2 ; : : : ; sk ) with tag queriesof an-

Procedure Compose(v,x)
Input: v: original schema-treeview query;x: XSLT stylesheet
Output: stylesheetview
1: ctg: aContext TransitionGraph
2: tv q: aTraverseView Query
3: ottr ee: anOutputTemplateTree
4: for n 2 v do
5: for r 2 x do
6: if MA TCHQ (n; r ) 6= NULL then
7: add(n; r ) to ctg
8: for (n1 ; r 1) 2 ctg do
9: for (n2 ; r 2 ) 2 ctg do

10: for a 2 apply (r 1) do
11: t  SELECTQ (n1 ; a; n2), p  MA TCHQ (n2 ; r 2 )
12: if t 6= NULL and mode(a) = mode(r 2 ) then
13: addanedgee = (( n1 ; r 1); (n2 ; r 2 ); a) to ctg
14: smt (e)  COMBINE (t; p)
15: (repeatedly)Deleteall nodeswithout incomingedge,except(r oot; r )
16: tv q  ctg f (copy)g, bvmap(root of tv q)  empty
17: (repeatedly)Duplicatenodeswith multiple incomingedges,splitting

incomingedgesandcopying outgoingedges
18: replacebindingvariablesin tv q with new, uniquebindingvariables
19: for e = (w1 = (n1 ; r 1 ); w2 = (n2 ; r 2 ); a) in edgesof ctg do
20: (Qbv ( w 2 ) ; bvmap(w2))  

UNBIND (smt (e); n1 ; n2 ; bv(w2 ); bvmap(w1 ))
21: for all bindingvariablesbv referencedin Qbv ( w 2 ) do
22: renamebv asbvmap(w2 ):get(bv)
23: for w = (n; r ) 2 tv q do
24: ott (w) = GENERA TE OTT (n; r )
25: ottr ee  ott (w)8w 2 tv q f initially a forestg
26: for e = (w1 ; w2 ; a) in edgesof tv q do
27: a0  theªapply-templateºnodein ott (w 1 ) which is acopy of a
28: replacea0 with anedgefrom parent (a0) to root (ott (w2 )))
29: for w = (n; r ) 2 tv q do
30: bv(r oot(ott (w)))  bv(w)
31: Qbv ( r oot ( ott ( w )))  Qbv ( w )

32: Remove thetopmostªpseudo-rootºnodein ottr ee
33: while thereis any ªpseudo-rootºnodepr left do
34: for eachchild nodec of pr do
35: addedgee = (par ent (pr ); c)
36: if Qbv ( c) is emptythen
37: bv(c)  bv(pr ), Qbv ( c)  Qbv ( pr )

38: else
39: Qbv ( c)  UNBIND (par ent (pr ); c)
40: addtheSELECT columnsof Qbv ( pr ) to Qbv ( c)

41: changeªbv(pr )º asªbv(c)º in the tag queriesof c's descen-
dents

42: remove edgee = (par ent (pr ); pr ) andnodepr
43: return ottr ee f new stylesheetviewg

Figure9: Query compositionalgorithm.

cestornodesof n until we reachn j , the lowestcommonancestor
of m andn. Thenew queryis Q

s1 ;s 2 ;::: ;s j � 1
bv ( n ) (sj ; : : : ; s0

k ), where
sj is the binding variablefor n j andsj � 1 is the binding variable
for childn (nj ), thechild nodeof n j alongthepathfrom n j to n.
Furtherquerytransformationslikethosedescribedin [8] canbeap-
plied to thisquery. Sincetheprocedureis essentiallyto remove the
bindingvariablesin tagqueries,it is namedtheUNBINDfunction.

As anexample,theselect-matchsubtreesmt(e2) in Figure6 is
translatedinto anSQL queryasfollows. It is generatedby unbind-
ing the tagqueryQs (h) of node<confstat> (with id 4), which
is thenew querycontext nodein smt. All occurrencesof binding
variable$h in Qs (h) arereplacedwith referencesto a sub-query,
the tag queryQh (m). Since<metro> is the lowestcommonan-
cestorof querycontext node<metro> andnew querycontext node
<confstat> , theunbindingstops.Theresultingunboundqueryis
shown below:



Function UNBIND (m; n)
Input: Querycontext nodeasm, Targetnodeto unbindasn
Output: Unboundqueryfor n asq
1: n j  thelowestcommonancestorof m andn
2: sj  bv(n j )
3: childn (nj )  child nodeof n j alongthepathfrom n j to n
4: sj � 1  bv(childn (nj ))
5: q  Q

s1 ;s 2 ;::;s j � 1
bv ( n ) (sj ; :::; s0

k ), whichis theunboundtagquery
of n, Qbv ( n ) (s1 ; s2 ; :::; sk )

6: return q

Figure 10: Naive UNBIND function for node in select-match
subtree.

Function NEST (p; p0)
Input: Nodeasp, Child nodeasp0

Output: Tagqueryfor p afternestingasq
1: q  Qbv ( p)

2: for eachchild nodec of p, exceptp0 do
3: qc  NEST (c;NULL )
4: addEXISTS qc in WHERE clauseof q
5: return q

Figure11: Generatingnestedsub-queryfor subtreeunder node
in select-matchsubtree.

SELECT SUM(capacity), TEMP.*
FROMconfroom, (SELECT * FROMhotel

WHEREmetro_id=$m.metroid
AND starrating > 4) AS TEMP

WHEREchotel_id=TEMP.hotelid
GROUPBY TEMP.hotelid,...,TEMP.pool,TEMP.gym

This querybecomesthetagqueryof ((4; confstat); R3) asshown
in Figure7(a),afterthefollowing transformation:thebindingvari-
able$m in the above queryis renamedas$m new, which is the
bindingvariableof ((1; metr o); R2). NotethataGROUP BY clause
on all columnsof TEMP are addedinto the query by unbinding
to preserve the semanticsof the aggregation SUM (capacity) in
Qs (h).

Anotherexampleof thisprocessis thequeryfor smt(e3) in Fig-
ure6. Theresultof unbindingasdescribedsofar is shown here:

SELECT * FROMconfroom
WHEREchotel_id=$h.hotelid

However, thisqueryis incorrectdueto threesubtleissues.First,the
select-expressionfor smt(e3) is “ ../hotel available/../confroom”,
so theremust exist at leastone <hotel available> node,but
the unboundqueryabove doesnot checkfor one. Second,such
a <hotel available> nodeis notarbitrary, but mustbea sibling
nodeof the<confstat> nodewith thesameparent.In caseof a
missing<hotel available> sibling, the XSLT stylesheetwould
not processthe <confroom> . Third, in a more complex pattern
<hotel available> mayitself betherootof a subtree,requiring
that the processbe carriedout recursively. To handlethesethree
issues(existence, sibling andrecursion conditions),theprocedure
of generatingthe query for select-matchsubtreesmt is modi�ed
asshown in Figure13. We introducea new functionNEST (Fig-
ure11) that is invokedfrom theprocedure.Notethatcaremustbe
takenin NEST to renametablesduringprocessingto avoidnames-
pacecollision,but thesedetailsarenotshown. Line 5 of Figure10
is alsomodi�ed, asshown in Figure12, to satisfythethreecondi-
tions.

Supposefor smt, its querycontext nodeis m andits new query
context nodeis n with the tag query Qn (s1 ; : : : ; sk ). First the

1: f Replaceline 5 of Figure10g
2: P  f nodesalongthepathfrom childn (nj ) to ng
3: for nodep 2 P do
4: p0  child of p 2 P , otherwiseN ULL
5: � bv ( p)  NEST (p; p0)
6: q  �

s1 ;s 2 ;::;s j � 1
bv ( n ) (sj ; :::; s0

k ), which is the unboundand
nestedtagqueryof n, � bv ( n ) (s1 ; s2 ; :::; sk ), anddecorrelation
of bv(si ) is doneby � s i .

Figure12: Changesto UNBIND functions in Figure10
.

Function UNBIND (smt; m; n; bv0; bvmap)
Input: Select-matchsubtreeas smt, Querycontext nodeof smt

as m, New query context node of smt as n, New binding
bariableasbv0, Bindingvariablemapasbvmap.

Output: Unboundqueryfor smt asq, New bindingvariablemap
asbvmap0.

1: q  UNBIND (m; n)
2: n j  thelowestcommonancestorof m andn
3: childn (nj )  child nodeof n j alongthepathfrom n j to n
4: R  f nodesalongthepathfrom childn (nj ) to ng
5: for nodep 2 R do
6: addtheSE LE CT columnsof Qbv ( p) to q
7: P  f nodesalongthepathfrom rootof smt to mg
8: for nodep 2 P do
9: for eachchild nodec of p, suchthatc =2 P andc =2 R do

10: qc  NEST (c;N ULL )
11: addEXISTS qc in WHERE clauseof q
12: bvmap0  bvmap
13: for nodep 2 R do
14: bvmap0:inser t(bv(p); bv0)
15: childm (nj )  child nodeof n j alongthepathfrom n j to m
16: S  f nodesalongthepathfrom childm (nj ) to mg
17: for nodes 2 S do
18: bvmap0:r emove(bv(s))
19: return (q; bvmap0)

Figure13: UNBIND function for select-matchsubtree.

unboundqueryQ
s1 ;::: ;s j � 1
n (sj ; : : : ; s0

k ) is generated(line 1 in Fig-
ure13),usingthefunctionshown in Figure12. Theunboundquery
involvesevery nodealong the path from childn (nj ) to n, which
we denoteasnodeset(childn (nj ) ! n). The existenceof every
nodealongthepathfrom n j to m, denotedasnodeset(n j ! m),
is ensuredbecauseof the existenceof m itself. Therefore,we
needto ensurethat for every node in the set (nodeset(smt) n
(nodeset(n j ! m) [ nodeset(childn (nj ) ! n))) , thereshould
exist at leastonematchingdocumentinstancenode. For a node
p 2 nodeset(childn (nj ) ! n), the existenceof child nodesof
p is checked by the EXISTS clauseinsertedat line 4 of NEST .
Nestingis performedrecursively for thenodesin thesubtreeunder
p. Similarly, for thechild nodes(andthesubtreesrootedat them)
of nodesin nodeset(n j ! m), EXISTS clausesareinsertedat
lines10–11of Figure13. For example,theresultingqueryfor tag
queryQc(h) shouldbeasshown below:

SELECT * FROMconfroom
WHEREchotel_id=$h.hotelid

AND EXISTS (
SELECT COUNT(a_id), startdate

FROMavailability, guestroom
WHERErhotel_id=$h.hotelid

AND a_r_id=r_id
GROUPBY startdate)
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Figure14: Output TagTreesfor nodesin TVQ of Figure7(a).

Thisquerybecomesthetagqueryof ((5; confroom); R4) asshown
in Figure7(a),afterrenamingthebindingvariables.

A bindingvariablemap, bvmap((n; r )) , is associatedwith each
node in the TVQ. In Figure 13, the entriesin bvmap((m; r 0))
arecopiedto bvmap((n; r )) , exceptthoseentriesfor schema-tree
querynodesalongthepathchildm (nj ) ! m. Morever, entriesare
insertedfor schema-treequerynodesalongthepathchildn (nj ) !
n, suchthat the binding variablesof thesenodesin the original
schema-treequeryaremappedto bv((n; r )) . In the tagqueryfor
eachnode(n; r ) in theTVQ, thereferencedbindingvariablesare
renamedaccordingto bvmap((n; r )) .

4.2.2 Multiple IncomingEdges
It is possiblethat therearemultiple incomingedgesto a node

labeled(n; r ) in the CTG. Sincequerygenerationis de�ned for
the select-matchsubtreeassociatedwith a single incomingedge,
we needto duplicate(n; r ) whenwe generatetheTVQ (line 17).
Sincethechildrenof thisnodenow needto beduplicated(andtheir
children,to the leaf nodesof theCTG), the sizeof theTVQ may
beup to exponentiallylargerthantheCTG.

4.3 Step3: GeneratingOutput Tag Tree
For eachnode(n; r ) in TVQ, an output tag treeott (( n; r )) is

generatedby GENERATE OTT(n,r) (lines 23–24),andthenthese
treesare connectedto form a single output tag tree OTT(v; x)
(lines 26–28). The outputtag treesfor nodesin the TVQ of Fig-
ure7(a)areillustratedin Figure14,andthe�nal outputtagtreeis
shown in Figure7(b). Brief descriptionsof thetwo stepsaregiven
below.

4.3.1 GENERATE OTT(n,r)Function
We show theintuition of GENERATE OTT(n,r)usingtheexam-

ple in Figure14. For anode(n; r ), ott (( n; r )) is thetreerepresen-
tationof thehypertext fragmentinsidethetemplaterule r . We add
a root pseudo-root to the fragment. The element<xsl:value-
of select="."> in r , is representedas a nodewith the tag n,
for example the <confroom> node in ott ((5; confroom); R4)).
Each<xsl:apply-templates> elementin r is representedasan
apply-templatesnodein ott (( n; r )) . Not shown are<xsl:value-
of select="@ attribute "> elementswhichwouldcausedatafrom
thedatabaseto beattachedto a nodelike <result-confstat> .

4.3.2 ConnectingtheOutputTag Trees
The outputtag treesof the nodesin the TVQ areconnectedto

form OTT(v; x). For two nodes(n1 ; r 1) and(n2 ; r 2), if (n1 ; r 1)

(R1), (R3), and (R4) are the same as Figure 4.

<xsl:template match="metro"> (R2)
<xsl:apply-templates select="hotel/confstat"/>

</xsl:template>

Figure15: An exampleof forcedunbinding.

<B>

<HTML>

<HEAD> <BODY>

FROM confroom

AND EXISTS (SELECT COUNT(a_id), startdate
FROM availability, guestroom

AND a_r_id=r_id
GROUP BY startdate)

WHERE rhotel_id=$s_new.hotelid

Qc_new=SELECT *

$c_new $s_new

FROM hotel, (SELECT metroid, metroname
FROM confroom, (SELECT *

) AS TEMP1
FROM metroarea

WHERE metro_id=TEMP1.metroid
AND starrating > 4

) AS TEMP2
WHERE chotel_id=TEMP2.hotelid

<result_confstat> $s_new

<confroom>

WHERE chotel_id=$s_new.hotelid

Qs_new=SELECT SUM(capacity), TEMP2.*

GROUP BY TEMP2.hotelid,...,TEMP2.gym,...,TEMP2.metroarea

Figure16: Stylesheetview for Figure15.

is the parentof (n2 ; r 2), we addan edgefrom the parentof the
apply-templatesnodein ott (( n1 ; r 1)) to the pseudo-root nodein
ott (( n2 ; r 2)) , andremovetheapply-templatesnodein ott (( n1 ; r 1)) .

4.4 Step4: GeneratingStylesheetView
The stylesheetview for Figure4 is shown in Figure7(c). The

stylesheetview is generatedby �rst copying queriesfrom theTVQ
to the OTT (lines 29–31),andthenremoving pseudo-root nodes,
pushingdown queries(lines32–42).

We now describethe pushingdown of queriesin more detail.
If thechild of thepseudo-root is anelementspeci�ed in theOTT,
thequerywill beemptyandunbindingis not required.If thechild
alreadyhasaquery(dueto an<apply-templates> tagappearing
at the top level of a rule body) thenthechild's tagqueryneedsto
be unboundwith the tag query of the pseudo-root, a processwe
call forcedunbinding. Notethat(1) this signi�cantly limits output
formatting,but we believe betterformattingcanbeaddedwithout
affecting therestof thealgorithmand(2) pushingthequerydown
separatelyinto theapply-templatesnodeswill causetheresultsfor
theseapply-templatesto begroupedratherthaninterleaved;leaning
moretowardstheassumptionthatdocumentorderis not supported
by view composition.

Forexample,in Figure4,eachtemplaterulehassomeoutputthat
will becomepartof theresulttreefragment.However, in Figure15,
((1; metro); R2) hasnooutput,but onechild ((4; confstat); R3).
Thereforeott ((1; metro); R2) hasonly two nodespseudo-rootand
apply-templates, andonly pseudo-root is kept after all output tag
treesareconnectedinto OTT(v; x). Thestylesheetview for Fig-
ure15 is shown in Figure16.

4.5 Complexity of the Algorithm
Below we �rst show thatthetimecomplexity of thealgorithmis

polynomialwhenthereis atmostoneincomingedgefor eachnode



in context transitiongraph,andtheworst-casetime complexity is
O(vv ) whenthis assumptiondoesnothold.

As shown in Figure9, theprocessof generatingnodesof CTG
(lines4–7)is boundedby jvj � jxj, wherejvj is thenumberof nodes
in schema-treequeryv andjxj is thenumberof rulesin stylesheet
x. Sincethereareno con�icting rulesin XSLTbasic , thenumberof
nodesin CTG is boundedby jvj insteadof jvj � jxj. Therefore
the processof generatingedgesof CTG (lines 8–14) is bounded
by jvj2 � max a , wheremax a is themaximumnumberof apply-
templatesnodesin arulein x. Thenumberof edgesisalsobounded
by jvj2 � max a . Eachedgeis annotatedwith a select-matchsub-
tree, with different tag queries. The processof generatingTVQ
(lines 16–22)involves translatingeachof suchselect-matchsub-
treesto a SQL queryby unbinding. As shown in Figure13, such
unbindingis boundby thenumberof nodesin a select-matchsub-
tree,saymax b. Therestof thestepsfor generatingoutputtagtree
andstylesheetview areboundedby thenumberof nodesandedges
of CTG (andalsoTVQ). Thereforetheworst-caserunningtime of
thealgorithmis boundedby O(min (jvjj xj; jvj3max a max b)) . In
mostcases,jvj wouldbelargerthanjxj, thereforetherunningtime
is O(jvj3max amax b).

However, thenodeswith multiple incomingedgesshouldbedu-
plicatedin theTVQ (line 17). For anode(n; r ) in CTG,its number
of incomingedgesis at mostjvj � max a . Sucha nodeneedsto
be duplicatedoncefor every incomingedgeandbecomesa child
of everyparentin theTVQ. If someof its parents(n0; r 0) alsohave
multiple incomingedges,(n; r ) needsto be duplicatedagainto-
getherwith (n0; r 0). This processof duplicationwill go up until
reachingthe root of TVQ. Therefore(n; r ) could at mostbe du-
plicated(jvj � max a ) j v j� 1 times.After theduplicationsarecom-
pleted,the TVQ is a tree. The total numberof nodesis at most
jvj � (jvj � max a ) j v j� 1 . Of course,thiscomplexity wouldonly be
realizedin extremecasesandwe expectin practicethat ruleswill
beinterrelatedon a smallscaleif atall.

5. SUPERSETSOF XSLTbasic
In this section,we show how to handleseveral of the features

omittedfrom XSLTbasic in Section2.2.2.

5.1 XSLTexpression

XPATH expressionscanappearin elementsof anXSLT stylesheet
including<xsl:template> and<xsl:apply-templates> . Un-
til now, we have assumedthat predicatesdo not appearin path
expressions. But in reality, eachstep in a path expressioncan
have a predicate,which may be a relationalexpression(for ex-
ampletestingthevalueof anattribute)or anotherpathexpression
(indicating that the relative path must exist). Figure 17 shows a
stylesheetwith predicates.The select-matchsubtreefor the edge
from ((4; confstat); R3) to ((5; confroom); R4) in this �gure is
shown in Figure18. Notethattherearetwo <confstat> nodesin
theselect-matchsubtree.

Themechanicsof pushingexpressionsfrom tree-patternqueries
into WHERE clausesdifferslittle from [6, 11], andwe limit ourdis-
cussionto theeffectthatpredicateshaveonouralgorithm,in partic-
ular theCOMBINE function in Section3.5, theUNBIND func-
tion in Figure13, andtheNEST function. Thenew COMBINE
function is almost identical to the previous function, except that
whentwo nodesn1 andn2 with predicatesp1 andp2 areuni�ed
to form nodeu, u is given predicate[p1andp2 ]. Becauseof the
existenceof predicates,in addition to the proceduredescribedin
Figure13, the unbindingof queriesmustalsocheckif predicates
aresatis�ed for all nodesin theselect-matchsubtree.Thechanges
to theunbindingfunctionandNEST areshown in Figure19.

(R1) and (R2) are the same as Figure 4.

<xsl:template match="confstat"> (R3)
<result_confstat>

<B/>
<xsl:apply-templates select=".[@sum<200]/

../hotel_available/../confroom
[../confstat[@sum>100]][@capacity>250]"/>

</result_confstat>
</xsl:template>

<xsl:template match="metro[@metroname=
"chicago"]/hotel/confroom"> (R4)

<xsl:value-of select="."/>
</xsl:template>

Figure17: An exampleof stylesheetwith predicates.

[@sum<200]

hotel

metro

confstat confstat
(query context node)

[@sum>100]
confroom

(query new context node)

hotel_available

[@capacity>250]

[@metroname="chicago"]

Figure 18: Tree-pattern query for smt on edge between
((4; conf stat ); R3) and ((5; conf r oom); R4) for Figure17.

The unboundquery for select-matchsubtreeon edgebetween
((4; confstat); R3) and ((5; confroom); R4) of Figure 17, after
renamingof binding variables,is shown in Figure20. In this ex-
ample,two predicatesfor <confstat> and<metro> appear, and
two additionalEXISTSchecksappear, with thepredicatesinsidethe
sub-queries.

5.2 XSLTtransformable

In thissection,we show thatsomesupersetsof XSLTbasic canbe
transformedto featuresin XSLTbasic , thereforecanbeprocessedby
ouralgorithm.

5.2.1 Flow­Control Elements
An <xsl:if> elementappearingin a rule r canbehandledby

introducinga new templaterule with a previously unusedmode
mnew. Thecontentsof the<xsl:if> areusedasthebodyof the
new templaterule. An <apply-templates> statementreplaces
the<xsl:if> in r , usesthetestof the<xsl:if> asits selectand
speci�esmnew asthe mode. This is illustratedin Figure21. In
this �gure, nodenameis the namein the last locationstepin the
pattern.<xsl:choose> canbesimilarly handledby viewing it as
a groupof templaterulesasshown in Figure22. While ommitted
dueto spacelimitation, the transformationfor <xsl:for-each>
is verysimilar to thatfor <xsl:if> .

5.2.2 XSL:Value­ofElements
In XSLTbasic , the select attribute of <value-of> mustbe “.”.

But, in general,it canbeanXPATH expression.Similarly to how we
handle�o w-control elements,<xsl:value-of> can be handled
by viewing it asa new templaterulematchedby implicit <apply-
templates> in therule in which it resides.Thetransformationis
shown in Figure23.

5.2.3 Con�ict Resolutionfor TemplateRules
Eachtemplaterule in a XSLT stylesheethasits priority, which

variesby position in the stylesheet,and also by the order of in-



f Insert the following
(a) after line 8 of Figure13
(b) after line 1 of Figure11g
ep  predicateusingtag(p)
addep in WHERE clauseof q

Figure19: Changesto UNBIND functions for predicates.

SELECT * FROMconfroom
WHEREchotel_id=$s_new.hotelid

AND capacity > 250
AND $s_new.SUM_capacity<200
AND $s_new.metroname=''chicago''
AND EXISTS (SELECT SUM(capacity)

FROMconfroom,
WHEREchotel_id=$s_new.hotelid
HAVING SUM(capacity)>100)

AND EXISTS (SELECT COUNT(a_id), startdate
FROMavailability, guestroom
WHERErhotel_id=$s_new.hotelid

AND a_r_id=r_id
GROUPBY startdate)

Figure20: The unbound query for Figure18.

cluded and importedstylesheets.When multiple rules match a
node,XSLT needsacon�ict-resolutionschemeto selecttheonerule
with thehighestpriority to apply. Thecon�ict-resolutionscheme
itself bringsnodif�culty becausetheprioritiesof templaterulesare
staticallydeterminedat view-compositiontime [16]. Thecon�ict-
resolutionfacility in [9] couldbeusedfor this purpose.Theprob-
lem arisesfrom thefact that it is impossibleto determineat view-
compositiontime whethera templaterule will matcha node.This
is becausethematchpatternin a templatehasnot only nametests
but alsopredicates,thevaluesof which aredeterminableonly dur-
ing XSLT evaluationat runtime.

The following approachcanbe usedto composecon�ict reso-
lution into SQL queriesin XML view. Supposethereis a set of
templaterulesthathave thesamenodenamein their last location
step(whichmeansthey potentiallycouldbecon�icting rules).First
arrangethem as a list of rules in the order of priority. Then in
eachrule add<xsl:when> elementsto testwhetherthenodecan
be matchedby somehigher priority rule. The transformationis
shown in Figure24. Note that the original n ruleshave the same
mode"m" , otherwisethey cannotcon�ict with eachother. As
seenin the �gure, eachnew <xsl:when> elementchecksfor an
“expression i ” which is thereverseof the“pattern i ” in
the i -th templaterule. For example, if the patterni after exten-
sion is name1[p1]/name2[p2]/.../namen[pn], thenexpressioni is
.[pn]/.../parent::name2[p2]/parent::name1[p1].

5.3 XSLTrecursion

Recursionbetweenrules(or with a singlerule) caneasilyarise
if the parent or ancestoraxesareallowed. In this section,we il-
lustratean approachto dealingwith this recursion. In particular,
ourgoalis to speeduptheoverallprocessingtimeby pushingcom-
putationfrom the stylesheetto thequeryprocessor, while leaving
therecursionto behandledby theXSLT processorwith a modi�ed
stylesheet.

For example,Figure25 is astylesheetx with recursive rules(R1
andR2). Composingit with the schema-treequeryv in Figure1
resultsin stylesheetview v0 in Figure26 andnew stylesheetx0 in
Figure27. By inspection,we seethat x0 on v0 obtainsthe same
result as running x on v. However, the <result metroavail>
nodesaregeneratedwithout materializingmany of the intermedi-

<xsl:template match="pattern" mode="m">
<xsl:if test="expression">

template body
</xsl:if>

</xsl:template>
(a)

<xsl:template match="pattern" mode="m">
<xsl:apply-templates se-

lect=".[expression]" mode="mnew"/>
</xsl:template>

<xsl:template match="nodename" mode="mnew">
template body

</xsl:template>
(b)

Figure21: Transformation for <xsl:if> .

<xsl:template match="pattern" mode="m">
<xsl:choose>

<xsl:when test="e1">b1</xsl:when>
<xsl:when test="e2">b2</xsl:when>
<xsl:otherwise>b3</xsl:otherwise>

</xsl:choose>
</xsl:template>

(a)

<xsl:template match="pattern" mode="m">
<xsl:apply-templates

select=".[e1]" mode="mnew1"/>
<xsl:apply-templates

select=".[not(e1) and e2]"
mode="mnew2"/>

<xsl:apply-templates
select=".[not(e1) and not(e2)]"
mode="mnew3"/>

</xsl:template>

<xsl:template match="nodename"
mode="mnew1">b1</xsl:template>

<xsl:template match="nodename"
mode="mnew2">b2</xsl:template>

<xsl:template match="nodename"
mode="mnew3">b3</xsl:template>

(b)

Figure22: Transformation for <xsl:choose> .

atenodessuchas<hotel> , <confstat> and<confroom> . Our
algorithmfor thistypeof transformationis currentlylimited to only
afew casesandis not includedhere;however, wehaveincludedthe
exampleaswefeeltheapproachis worthyof noteandis potentially
applicableto XQUERY with functionsaswell asXSLT.

6. RELATED WORK
XML publishingmiddlewareSILKROUTE [6, 5] andXPERANTO

[4, 12, 11] allow usersto query XML views using XML -QL and
XQUERY respectively. View-compositionalgorithmscomposeuser
querieswith XML views,theresultof whichcanbeevaluatedusing
relationaldatabaseengines.However, thequeriescontemplatedin
thoseworksdiffer substantiallyfrom XSLT stylesheets,asobserved
by [7].

In [9] Moerkottestudiedtheproblemof incorporatingXSLT pro-
cessinginto databasequeryengines. XSLT stylesheetsare trans-
latedinto algebraicexpressions,for whichphysicalalgebraicoper-
atorsin databaseenginesareimplementedusingan iterator. Dis-
tinctionsfrom ourwork werepointedout in theintroduction.Most
importantly, ourapproachallowsfor materializationof fewernodes,
andthus,greateref�ciency.



<xsl:template match="pattern" mode="m">
<xsl:value-of select="expression"/>

</xsl:template>
(a)

<xsl:template match="pattern" mode="m">
<xsl:apply-templates

select="path expression" mode="mnew"/>
</xsl:template>

<xsl:template match="nodename[predicate]"
mode="mnew">

<xsl:value-of select="."/>
</xsl:template>

(b)

Figure23: Transformation for <xsl:value-of> .

<xsl:template match="pattern 1" mode="m">
template body 1

</xsl:template>

<xsl:template match="pattern 2" mode="m">
template body 2

</xsl:template>
(a)

<xsl:template match="pattern 1" mode="m1">
template body 1

</xsl:template>

<xsl:template match="pattern 2" mode="m">
<xsl:choose>

<xsl:when test="expression 1">
<xsl:apply-templates select="."

mode="m1"/>
</xsl:when>
<xsl:otherwise>

template body 2
</xsl:otherwise>

</xsl:choose>
</xsl:template>

(b)

Figure24: Transformation for con�ict resolution.

Theworkof Jain,MahajanandSuciu[7] is theclosestto ours.Its
approachgeneratesa singleSQL queryfor anentireXSLT program
andtagsthe SQL result tuplesto generateXML output. The tech-
niqueof [7] beginsby separatingthe XSLT stylesheetinto distinct
paths. Eachpathis representedby a structurecalledQTree. One
SQL queryis generatedfor eachpathby composingits QTreewith
the XML view tree. The �nal SQL query for the XSLT stylesheet
is a unionof all suchqueries.Our approachimprovesupontheirs
on a numberof points. The �rst point is that we generatea tree-
structuredview querydirectly ratherthanan SQL query. Sincere-
centwork either(1) optimizesthe translationfrom view-queryto
SQL-query[5] or (2) exploitsknowledgeof thetreestructureduring
optimization[2], we expectthis distinctionwill bemoreimportant
over time.

Second,ourconstructionof select-and-matchsubtreesavoidssev-
eralissuesthatarisewith theQTree: (1) it is notclearhow dataval-
uesfor internalnodesaregeneratedsinceouterjoins arenot done
alongQTreepaths,andif outer joins wereperformed,duplicates
would thenneedto be eliminated. [7] assumesthatonly the leaf
nodeof apathcontributeto theresult.However, in realityall other
nodesalongthe pathcould generatepart of the result. Therefore
for eachpath,one SQL querycannotbe suf�cient. Insteadmax-
imally n (the numberof nodesin the path) SQL queriesmay be
necessary. Thereforethe �nal SQL queryshouldbe the union of

<xsl:template match="/metro"> (R1)
<xsl:param name="idx" select="10"/>
<result_metro>

<xsl:apply-templates
select="hotel/hotel_available[@count>10]

/metro_available[@count<$idx]">
<xsl:with-param name="idx"

select="$idx"/>
</xsl:apply-templates>

</result_metro>
</xsl:template>

<xsl:template match="metro_available"> (R2)
<xsl:param name="idx"/>
<xsl:choose>

<xsl:when test="$idx<=1">
<xsl:value-of select="."/>

</xsl:when>
<xsl:otherwise>

<result_metroavail>
<xsl:apply-templates

select="self::[@count>50]/../../..">
<xsl:with-param name="idx"

select="$idx-1"/>
</xsl:apply-templates>

<result_metroavail>
</xsl:otherwise>

</xsl:choose>
</xsl:template>

Figure25: An exampleof stylesheetwith recursive rules.

/

WHERE metro_id=$m_new.metroid
FROM hotel

AND starrating > 4
) AS TEMP1

WHERE metro_id=$m_new.metroid
FROM hotel

AND starrating > 4
) AS TEMP1

Qm=SELECT metroid, metroname
FROM metroarea

<metro> $m_new

$m_new$md $m_new$mu

Qmd=

AND startdate=TEMP2.startdate

Qmu=

FROM availability, guestroom, hotel,
(SELECT COUNT(a_id), startdate, TEMP1.*

(SELECT *

WHERE rhotel_id=TEMP1.hotelid

HAVING COUNT(a_id)>10
)AS TEMP2

SELECT COUNT(a_id), TEMP2.*, 

FROM availability, guestroom,

WHERE rhotel_id=hotelid
AND a_r_id=r_id
AND metro_id=$m_new.metroid

AND a_r_id=r_id

FROM availability, guestroom, hotel,
(SELECT COUNT(a_id), startdate, TEMP1.*
FROM availability, guestroom,

(SELECT *

AND a_r_id=r_id
WHERE rhotel_id=TEMP1.hotelid

HAVING COUNT(a_id)>10

SELECT COUNT(a_id), TEMP2.*, 

)AS TEMP2
WHERE rhotel_id=hotelid

AND a_r_id=r_id
AND metro_id=$m_new.metroid
AND startdate=TEMP2.startdate

HAVING COUNT(a_id)>50

GROUP BY startdate, TEMP1.hotelid, TEMP1.... GROUP BY startdate, TEMP1.hotelid, TEMP1....

<metroavail_down> <metroavail_up>

Figure26: Stylesheetview v0 for composingFigure25with Fig-
ure1.

all SQL queriesfor eachQTree, eachof which is anouterunionof
SQL queriesfor eachnodeon the pathrepresentedby the QTree.
(2) QTreecombinestheselectexpressionsof differentrulesaslong
asthey areon thesamepath. Again becausethatnot only the leaf
nodebut alsoall nodeson a pathcould generateresult fragment,
thepredicatesin expressionsof differentrulesshouldnotbesimply
combinedtogether. (3) QTreedoesnot appearto handletheparent
axisof XPath,for example,“../hotel available/../confroom”cannot
behandledby QTreebecausetheexistenceof hotel availablenode
is not tested.

Finally, [7] doesnot cover many featuresof XSLT. Thepredi-
cateshandledin [7] areaccessesof attributesor text subelements.
It doesnot considerhow to handlethecasewhenthey arealsoex-



<xsl:template match="/metro"> (R1')
<xsl:param name="idx" select="10"/>
<result_metro>

<xsl:apply-templates
select="metroavail_down[@count<$idx]">

<xsl:with-param name="idx"
select="$idx-1"/>

</xsl:apply-templates>
</result_metro>

</xsl:template>

<xsl:template match="metroavail_down"> (R2')
<xsl:param name="idx"/>
<xsl:choose>

<xsl:when test="$idx<=1">
<xsl:value-of select="."/>

</xsl:when>
<xsl:otherwise>

<result_metroavail>
<xsl:apply-templates

select="../metroavail_up">
<xsl:with-param

name="idx" select="$idx-1"/>
</xsl:apply-templates>

<result_metroavail>
</xsl:otherwise>

</xsl:choose>
</xsl:template>

<xsl:template match="metroavail_up"> (R3')
<xsl:param name="idx"/>
<xsl:choose>

<xsl:when test="$idx<=1">
<xsl:value-of select="."/>

</xsl:when>
<xsl:otherwise>

<result_metroavail>
<xsl:apply-templates

select="../metroavail_down[@count<$idx]">
<xsl:with-param

name="idx" select="$idx-1"/>
</xsl:apply-templates>

<result_metroavail>
</xsl:otherwise>

</xsl:choose>
</xsl:template>

Figure27: Newstylesheetx0 for composingFigure25with Fig-
ure 1.

pressions.It doesnot discusshow to handlefeaturessuchas�o w-
control elementsandcon�icting rule resolution. It doesnot deal
with recursionin templaterules.

7. CONCLUSION AND FUTURE WORK
In this paper, we focuson theproblemof evaluatingXSL trans-

formationson XML-publishingviews. For a subsetof XSLT, we
presentaview-compositionalgorithmto composeatransformation
with an XML view. We thendescribehow to extendthis algorithm
to handlemostfeaturesof XSLT, including certaincasesof recur-
sion. Evaluatingthe composedstylesheetview on a databasein-
stanceresultsin the sameXML documentasevaluatingthe XSLT

stylesheeton theoriginal XML view. In this way, inef�cient XSLT

processingis replacedby queriespushedinto relationaldatabase
engines.In addition,thestylesheetview doesnot generatetheun-
necessarynodes.Thesefeaturesof our approachoffer thepromise
of greatlyimprovedef�ciency.

Basedontheview-compositionalgorithmproposedin thispaper,

we planto focusour futurework on (1) handlingmorefeaturesof
XSLT thatwereexcludedin thispaperand(2)developingfurtherthe
approachof handlingrecursionandothercomplicatedfeaturesby
partially pushingfunctionality from the stylesheetinto the query.
Finally, weexpectthatthis lastapproachmaybeusedto ensurethat
thecompositionwill alwaysrun in polynomialtime, at thecostof
leaving morefunctionality to be processedby XSLT, andwe plan
to investigatethis tradeoff.
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