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ABSTRACT

While the xmL Stylesheet.anguagefor TransformationgxsLT)
was not designedas a querylanguagejt is well-suitedfor mary
query-like operationson xML documentsncluding selectingand
restructuringdata. Further it actively ful lls the role of an xmL
querylanguagen modernapplicationsandis widely supportecby
applicationplatform software. However, the useof databaseech-
niguesto optimize and executexsLT hasonly recentlyreceved
attentionin the researclcommunity In this paper we focus on
the casewhere xsL transformationsare to be run on xmL doc-
umentsde ned asviews of relationaldatabasesFor a subsetof
XSLT, we presentan algorithmto composea transformationwith
an XML view, eliminatingthe needfor the XsSLT execution. We
thendescribehow to extendthis algorithmto handleseveral addi-
tionalfeatureof xSLT, includingaproposedpproacHtor handling
recursion.

1. INTRODUCTION

As XML hascontinuedto gain popularity as a standardor in-
formationrepresentatioandexchangetoolsto renderandpresent
XML areincreasinglysupportedby commonapplicationplatforms.
Mary of theseoolsimplementaW3C standardthexmL Stylesheet
Langaugd16]. This languageis divided into transformationand
formatting subsystemsAs implied by the name,the transforma-
tion subsystenteoiganizeghetreestructureof an XML document
andthe formattingsubsystentendershe resultinto a displayfor-
mat. In fact, the transformatiorsublanguageappropriatelycalled
XML StylesheetanguageTransformationspr xXSLT, hasproven
very popularwith developersandis oftenimplementedasa stand-
alonetool. Someof thewell-knonn implementation®f XSLT are
XT[18], SAXON [10] andX ALAN [13]. Commonusesof XSLT in-
cludetranslatingxmL to HTML, andmodifying or selectingpartof
an xML document.Unlike XQUERY [14], XSLT wasnhot expressly
designedas a query language. NeverthelessxSLT caneasily be
usedfor “query-like” transformationslt alsoshareswith XQUERY
theuseof XPATH [15] for pathevaluation.
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Despitewidespreaduseof xML standardgor businesdataex-
change, thevastmajority of businesgatais storedandmaintained
by relationaldatabasesystems. In fact, xML-publishingmiddle-
ware technology proposedby the researchcommunity[2, 4, 6,
12], is rapidly beingimplementedby relationaldatabase/endors
to ensurethat xML-centricapplicationsarewell supported.Such
middlevareprovidesadeclaratve view querylanguagewith which
to specify the desiredmappingbetweenthe relationaltablesand
theresultingxML documentBasedonthe mappingde ned by the
view query aportionof thedatabaseanbe exportedasxmL.

Given the respectre importanceof XML views and XSLT, it is
importantto proposeef cient executionof XSLT stylesheetagainst
XML-publishingviews. A straightforvard approachfor accom-
plishingthiswould beto fully materializethe xML view asanxmL
documentuponwhich anxsLT stylesheets evaluated.

Thisapproachs problematidor largedocumentsr complicated
stylesheetssimply dueto performanceproblemsthat commonly
arisewith xsSLT evaluationon large documents.Recentwork has
exploredoptimizing the executionof xsLT transformationdy in-
corporatingK SLT processingnto databaseueryengineq9]. How-
ever, evenif XSLT evaluationcanbe madescalableandef cient, it
may not beagoodsolutionfor xML documentpublishedrom re-
lationaldatabassystemsFor example,it is notactuallynecessary
to materializemary of the nodesin theview queryto producethe
correctxSLT resultdocument.First, nodetypesnot referencedy
ary XPATH expressionsn the XsLT stylesheeheednot be materi-
alized. Similarly, nodesthat do not matchselectionconditionsin
the appropriatexsLT templatesarenot useful. Finally, intermedi-
atenodesalongthe X PATH expressiomeednot be materializedf
they arenotpartof theresult.

Theseobsenations argue for a view compositionapproachto
supportingxsLT in relationalxML middleware. In this paper we
take the view compositionapproachand develop techniqueghat
supportexecutionof XSLT againstxMmL-publishingviews by rst
composingasmuchaspossiblethetransformationgn astylesheet
with a publishingview, resultingin a composedstylesheeview.
Evaluating the stylesheetview on a databasenstanceresultsin
thesamexmL documenthatwould be producedy evaluatingthe
XSLT stylesheebn the original XML view. The stylesheetiew
doesnot generatehe unnecessargiodesdescribecabove, promis-
ing improved efciency. In addition, this approachremoves the
costof parsingandxsLT processingRatheythe XSLT processing
is pushednto sQL queriesprocessedby relationalqueryengines.
In fact, suchview compositionalgorithmshave beendesignedor
USErxQUERY or XPATH queriesto beef ciently executedoy XML
publishingmiddlevaresandrelationalengineg[11, 5]. We argue
thatsimilar techniqgueshouldbe developedwith XsLT.

To accomplishthis, we de ne a restrictve subsetof XsLT that



we term XSLTpasic, and give an algorithm that can composean
XSLThasic Stylesheewith anxmL view de nition to produceanewn

XML view de nition, the stylesheeview. At a high level, the al-

gorithmconsistsof threesteps.First, a graphrepresentinghe pro-

cessingdoneby the xmL stylesheeis constructed.Second this
graphis combinedwith a graphrepresentatiorof the xmL view

queryby matchingpairsof nodesfrom thetwo graphsin amanner
similarto thecreationof across-producautomatonFinally, there-

sultinggraphis prunedto remove unnecessargodesandmodi ed

to handleformattinginstructions producingthe stylesheetiew.

An alternatve to composingx SLT with view queriesis to trans-
late XSLT to XQUERY [1], andthenusetechniquesuchasthose
proposedn [11] to composéaheresultingx QUERY expressiorwith
theview query While this approachs promising,we arenotaware
of ary publishedtechniquedor performingthis conversion,andit
may introducenen compleities. Further techniqueslevelopedin
thispaper(suchasmemgingselect-&pressionsvith match-patterns)
would apparenthberequiredfor sucha corversion.

Theonly prior work of whichwe areawareonusingsqQL engines
to executea classof XSLT transformationss [7]. While adetailed
comparisorwith [7] is deferredto Section6, our approachdiffers
in threekey ways: 1) our algorithmproducesan XML view query
ratherthanan sQL query 2) [7] dividesthe xSLT transforminto
a setof pathsand processegachseparatelywhile our algorithm
composeshe stylesheedisa whole with the publishingquery and

nally theextensiongo ouralgorithmin Section5 addres$eatures
of XSLT suchaspriority thatarenotaddressedy [7].

The focus of this paperis on the view-compositionalgorithm,
ratherthanon optimizationof eitherthe compositionalgorithmor
the resulting queries. We defer experimentalevaluationand full
consideratiomf optimizedexecutionstrategiesfor X SLT view com-
positionqueriesto futureresearch.

The outline of the remainderof the paperis asfollows. In Sec-
tion 2, we introducethe conceptsand notionsof xML publishing
views and xSLT stylesheetsIn Section3, we overview the algo-
rithm by describingthe datastructureggeneratedn the four steps
of thealgorithm. In Section4, we describethe detailsof the algo-
rithm, andin Sections, we describenow to extendthealgorithmto
handlemoregeneralxsLT stylesheetsRelatedwork is discussed
in Section6, followed by our conclusionanda discussiorof future
work in Section?.

2. BACKGROUND

In this section,we brie y introducexmL-publishingviews and
XSLT stylesheets.

2.1 Schema-TeeQueries

In this sectionwe introducethe notion of aview queryin XML-
publishingmiddleware. SILKROUTE [5, 6] de nes XML views us-
ing RXL andqueriesthemwith XxML-QL and XPERANTO [4, 11,
12] usesxQUERY. Throughoutthis paper we usethe view-query
speci cationformatasde nedin ROLEX [2, 3]. Thisqueryformat,
referredto asa schema-teequery, is meantto capturearich setof
XML view queriesandis adaptedrom theintermediateueryrep-
resentatiorof SILKROUTE. While ROLEX focuseson a particular
systemarchitecturewith tight integration betweenthe application
andtheDBMmS, our algorithmfor composing«SLT with XML views
doesnotrely on ary particularfeaturesof ROLEX, andthuswe ex-
pectit to bereadilyadaptableo otherx ML view languagesDetails
of schema-tregueriescanbe foundin [2]. Below we briey in-
troduceschema-tregueriesusing a de nition and anillustrative
example.

@) ‘ <metro> ‘ $m ‘
Qm=SELECT metroid, metroname
FROM metroarea

) ‘ <confstat> ‘ $cs ‘ $m 3) ‘ <hotel> ‘ $h ‘ $m
Qcs=SELECT SUM(capacity) Qh=SELECT *
FROM confroom, hotel FROM hotel

WHERE chotel_id=hotelid
AND metro_id=$m.metroid

WHERE metro_id=$m.metroid
AND starrating > 4

(6) | <hotel_available>] $a | sn

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

AND a_r_id=r_id
GROUP BY startdate
(5) ‘ <confroom> ‘ $c ‘ $h ‘
QC=SELECT *
FROM confroom
WHERE chotel_id=$h.hotelid

@ <confstat>‘ $s ‘ $h
Qs=SELECT SUM(capacity)
FROM confroom
WHERE chotel_id=$h.hotelid|

(7) | <metro_available> ‘ $v ‘ $a, $m
Qu=SELECT COUNT(a_id)
FROM availability, guestroom, hotel
WHERE rhotel_id=hotelid
AND a_r_id=r_id
AND metro_id=$m.metroid
AND startdate=$a.startdate

Figure 1: Example schematr eeview query.

hotelc hain (chainid, companyname, hqgstate)
metr oarea (metroid, metroname)
hotel (hotelid, hotelname, starrating, chain_id

metro_id, state_id, city, pool, gym)
guestr oom (r.d, rhotel_id, roomnumber, type, rackrate)
confr oom (c_d, chotel_id, croomnumber, capacity, rackrate)
availability (a.id, a_r_id, startdate, enddate, price)

Figure2: Hotel resewvation schema.
De nition 1: A schema-teequery v is asetof noded n; g, each
of whichis a 6-tuple(id(n;), tag(ni), bv(n;), parameter s(n;),
Qbv(n;). children(n;)), whereid (n;) isauniqueidenti er, tag(n;)
isthetag,bv(n;) is thebindingvariableof n;, parameter s(n;) is
the setof parametersf Qp, (n,), Whichis thetag queryof n;, and
children(n;) is thesetof child nodesof n;.

Figurel shavs anexampleof schema-trequerythatde nesan
XML view onthetablesof Figure2, in orderto supportconference
planningby shawing candidaténotelsalongwith informationabout
availability of roomsin thesamemetroarea.

Theid of a nodeis usedto identify a nodeuniquelyin v. For
example,in Figure 1, thereare two nodesthat have the sametag
<confstat> , but differentids, 2 and4. Eachtuple returnedby
the tag query Qpy(n,) becomesan elementin the resultingxmL
documentvith xML tagtag(n;); this elements saidto have been
genemtedby n;. For example,the nodewith id 1 in Figurel has
associatedvith it thetag <metro> andthetagquery“Qm = SE-
LECT metroid, metroname FROM metroarea.” Thisqueryde nesa
list of metropolitanareaghatbecomesibling nodesin theresulting
XML documenteachtaggedwith the<metro> tag(auniquedocu-
mentrootis implied). Relationalattributesfrom the SELECT clause
appeamsxML attributesthegenerateelement.

Tag queriesmay be parameterizethy zeroor more parameters,
associategvith bindingvariables Wereferto thequerythatde nes
binding variablebv(ni) asQpy(n,), With parameters(n;) asthe
binding variablesusedin the body of the query The binding vari-
ablebv(n;), atuple variablerangingover the resultsof Qpy(n;),
is usedasa parametemwhenspecifyingthe tag queriesof descen-



<xsl:template
<Result>
<xsl:apply-templates
</Result>
</xsl:template>

match="pattern" mode=integer>

select="expression"/>

Figure 3: Skeletonof xsLT templaterule.

<xsl:template match="/"> (R1)
<HTML>
<HEAD></HEAD>
<BODY>
<xsl:apply-templates
</BODY>
</HTML>
</xsl:template>

select="metro"/>

<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
<xsl:value-of
</xsl:template>

match="metro/hotel/confroom"> (R4)
select="."/>

Figure4: An exampleof XsSLT stylesheet.

dantnodesof n;. For example,the variablem associatedvith
<metro> is usedasa parametein tag queriesfor <hotel> and
<metro _available>  to referto theattribute m.metroid.

The remainderof the view in Figure 1 de nes the following.
The tag query Q,,(m) for <hotel> is parameterizedby the tu-
ple variablem rangingover metropolitanareasandgivesa list of
hotelsin that metropolitanarea. The tag query Q. (h), for <ho-
tel _available>  countsavailable roomsat the given hotel in a
certain x ed time period, whereasthe tag query Q. (m; a) for
<metro _available>  countsthetotal availableroomsin theentire
metropolitarareafor thatsametime period.In separatéranche®f
theschema-treesummaryanddetailinformationaboutconference
roomsis given by the nodeswith tags<confstat>  and <conf-
room> respectiely.

2.2 XSLT

In this sectionwe brie y introducexsLT, shawv how stylesheets
aremodeled andintroducea working example.

De nition 2: An XSLT stylesheei is asetof templaterulesfr; g,
eachof which is a 4-tuple (match(r;), mode(ri), priority (ri),
output(ri)), wherematch(r;) isthematd patternofr;, mode(r;)
isthemodeof r;, prior ity (r;) isthepriority of ri, andoutput(r;)
is theoutput-teefragmentof r; .

The skeletonof atemplaterule is shavn in Figure3, andanex-
amplestylesheein Figure4, which containfour templaterulesR 1
throughR4. The matchpatternof atemplaterule, match(r;), is a
pattern[16] andis essentiallya subsef X PATH pathexpressions
containingonly child, descendan(*//”), and attribute axes [15].
For example,asshavn in Figure4, match(R?2) is “metro”. The
modeof arule, mode(r;), is a symbolthatallows rulesto be par
titioned; that is, rule invocationsmust matchin modeaswell as

match pattern. If thereis no mode attribute, the XSLT proces-
sor will setit to be a default value. Similarly the priority of a
rule, prior ity (ri), is aninteger, usedin con ict resolutionandis
briey discussedn Section2.2.1. The outputtree fragmentfor
arule, output(r;) controlsthe structureof a rule's output. For
(R2) of Figure 4, the output tree fragmentconsistsof the <re-
sult _metro> tagandits contents.output(ri) maycontaina set
of <xsl:apply-templates> nodes,apply(ri) = fa; g, asde-
ned below.

De nition 3: An apply-templatesnode, a;, is a 2-tuple of the
form (select(a ), mode(a;)), whereselect(a; ) is the selectex-
pressiorof a; , andmode(a; ) is themodeof a; .

select (g ) is asubsebf xPATH expressiong15] intendedo en-
surethatresultsof theexpressiorarenodesratherthanatomicval-
ues. In (R2) of Figure4, thereis only one apply-templatesiode
andits selectexpressionis “hotel/confstat”. mode(a;) limits the
ruleswhich may matchasdescribedabove.

2.2.1 XSLT Processingvodel

Basicx SLT processingonsistof contet transitionsrom agiven
XML documentcontet nodeto a new context node recursvely,
startingfrom the root asthe original context node, concatenating
resultsin traversalorder Thisis shavn asafunctionPROCESS in
Figure5. Contet transitionis realizedby two functions MATCH
andSELECT [17].

ForanxmL documentontet nodeds, andaruler;, thefunc-
tion MATCH (dcon ; ri) returnstrue if match(r;) matchessome
sufx of theincomingpathfrom thedocumentootto deon - These-
manticsof aselectexpressioris afunctionSELECT . ForanxmL
documenioded,n matchedby arule ri andanapply-templates
nodea; 2 r;i, SELECT (dcon; @) returnsasetof nodesselected
by select (a; ), with deon @asthedocumentontext node.

In step3 of Figure5, the algorithmchecksthatmode(r;) is the
desiredmodeandthatMATCH (dcon ; Ii) returnstrue. If multiple
rulesmatch(step2), the xSLT processoemplg/s acon ict detec-
tion andresolutionschemehatappliesonly therule with the high-
estpriority [16]. Oncearuleis activated,then,in steps4-10dcon
is usedto instantiateoutput (r;) to constructthe resultingdocu-
mentfragment.select (a; ) evaluatedon deon resultsin anodeset
D new _con - Theapply-templatesodesy; 2 apply(ri) arereplaced
with the concatenatiomf resultingdocumentragmentsproduced
by recursvely processingeachnodednew con 2 Dnew .con With
mode(r;) asthe desiredmode. Thereforethe resultof executing
stylesheex onxmL document is PROCESS(x; root; 0), where
root is therootnodeof d.

In XSLT, therearespecialtemplaterulescalledbuilt-in template
rules[16] which causethe input documento be copiedto the out-
put. In all examples(including Figure4), we list all templaterules
that will be processedind the readershouldassumethat built-in
ruleshave beenoverridden.

2.2.2 XSlTasic

We rst develop analgorithmto processa subsetof XsLT, that
we call X SLThasic , Whichhasthefollowing restrictionon X sLT: (1)
no type-coercion(2) no documentrder (3) no recursion,(4) no
predicates(5) no o w-controlelements(6) no con ict resolution
for templaterules,i.e., no conicting rules, (7) no functionsand
aggr@ations,and (8) no variablesand parameters(9) no use of
the descenden{=9) axis, (10) select attribute of <value-of> or
<copy-of> elementcanonly be“. " or anattribute“ @ttribute ”.

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



Function PROCESS(X; dcon ; mode)
Input: XSLT stylesheeasx, Context documennodeasdcon ,
Desiredmodeof the matchedule asmode
Output: XML documenfragmentasresult
1: result empty
2: for r; 2 x in decreasingrderof priority (r;) do

3. if mode(ri) = modeandMATCH (dcon;ri) then

4: result  output(ri)

5: for a 2 apply(ri) do

6: Dnew _con SELECT (dcon , aJ )

7: sub_result  empty

8: for dnew con 2 Dnew _con dO

9: sub_result  concatenate(sub_result;
PROCESS(X; Onew _con ; mode(a; )))

10: Replaces; in result with sub_result

11: return result

Figure5: Algorithm for XSLT processing

valuesproducedrom the databaselwaysappeamsattributesof a
node. We do not considerdocumentorderin this paperandcon-
siderit partof futurework. In Section5, we extendour algorithms
to processsuperset®f XSLTpsic thatinclude(4), (5) and(6). We
believe theresultingsubsebf XsLT will coverareasonableariety
of XSLT stylesheetappliedto XxML-publishingviews, but planto
extendthe fragmentwe cover in futurework. Finally in Section5,
we proposeby exampleanapproachor handlingrecursion.

3. ALGORITHM OVERVIEW

Givenaschema-tregueryv andan XSLTpasic Stylesheek, our
algorithmgenerateanew schema-trequeryv® (calledastylesheet
view), ensuringthat for ary relationaldatabasénstancel , there-
sult of queryv®on| is the sameasthe resultof runningx on the
resultof queryv onl, i.e. v°(I) = x(v(1)). The completeal-
gorithmis givenin Figure9. In this section,we introducethe key
datastructuresandfunctionsusedin view composition A detailed
descriptionof thealgorithmappearsn Section4.

For schema-tregueryv and XsLT stylesheek, our algorithm
begins by generatinga context transitiongraph (CTG). This graph
(a) combineghe selectingandmatchingstepsin XSLT processing,
and (b) capturesthe contet transitionsthat occur when evaluat-
ing x on a documentproducedby v. Fromthe CTG, a traverse
view query (TVQ) is generatedyhich by de nition is a schema-
treequery The TVQ captureghetraversalactionsof x onv. The

nal stepof ouralgorithmgeneratesutputtag treesthatarecom-
binedwith the TVQ to generatéhe outputstylesheetiew, v°.

In this section,we introducethe above structuresand describe
how thesestructuregelateto XsSLT processingA detaileddescrip-
tion of thestepgo generatehe CTG, TVQ, andstylesheetiew are
givenin Sectiord.

3.1 Context Transition Graph (CTG)

The contet transitiongraphfor an XSLTpasic Stylesheek exe-
cutedon aschema-tregueryv, CTG(v; x), is amultigraphwith a
setof nodesM andasetof edgesE . Eachnodem 2 M, is anno-
tatedby apair (n; r), wheren is anodein theschema-trequeryv
andr is anXSLTrasic templaterulein x. The CTG for Figure4 is
shavn in Figure6, wherewe use(id (n), tag(n)) to representhe
noden. (Althoughid(n) canidentify a noden uniquely the re-
dundanttag(n) easegresentation.)ntuitively, the existenceof a
node(n; r) in CTG meanghatoneor moreof the XML document
nodesgeneratedy noden maybe matchedby ruler. An edge,
saye = ((n%r%;(n;r);a ), incomingto this nodeindicatesthat

combine ("metro”, "metro")

root !
7777777 i (query context node):

el | metro 3
| (new query context node):
| o L L L L L Lo

smt(el)
((2, metro), R2) <)

1 combine ("hotel/confstat", "confstat")
| metro (query context node)
I

e2 | i

confstat
(new query context node)

((4, confstat), R3) C) smt(e2)

I
I
I
|
hotel }
I
I
I
I

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

e3 Q_ metro

I
I
I
I
|
****** 4 hotel l
I
|
(query context node)confroom |

|

I

! .

! confstat (/ 0O 0 hotel_available
I

I

I

I

smt(e3)

Figure 6: Context Transition Graph for Figure 4.

the ring of rule r® on a documenmnoded generatedy n° might

leadto one or moredocumentodesgeneratedy n appearingn

select(a; ) for somea; 2 apply(r%. (Sincethis may be true for

multiple apply-templatenodes CTG(v; x) is amultigraph.) Asso-
ciatedwith eachedgeis a tree-patterrquery smt(e), referredto

asthe select-mati subteefor e. Intuitively, smt(e) combineshe

select-apressiorof a; with thematch-patterof r, andis produced
by thefunctionCOMBINE , describedn Section3.5.

The left-handside of Figure 6 shavs the CTG producedwhile
composingthe stylesheeshavn in Figure4 with the schema-tree
queryof Figurel (theright-handsideof this gure is discussedn
Section3.5). Consideredgee?; this edgeis presentbecausep-
plying the selectexpressiorihotel/confstat” which appearsn rule
R2 to adocumennodeproduceddy themetio node(id=1) in Fig-
ure 1 canpotentiallyleadto nodesproducedby the confstatnode
(id=4) beingmatchedagainstule R3. Notethat,while Figure6 is
asimplepath,CTGsfor XSLTrasic Stylesheetareactuallydirected
agyclic multigraphsandcanbe generamultigraphsf recursionis
allowed.

3.2 TraverseView Query (TVQ)

The travese-viav queryis a schema-treguery producedfrom
the CTG. Intuitively, thenodesn theTVQ will generatéhosedoc-
umentnodeghatmaybecomeontet nodesduringstylesheegval-
uation. In this sensejt supportshetravessal of the original xmL
documentby the XSLTasic Stylesheet.One or more nodesappear
in the traverse-viav queryfor eachnodein the context transition
graphfrom which it is generatedwith nodesbeingduplicatedso
thateachnodehasa singleincomingedge. The tree-pattermquery
of smt(e), wheree = ((n1;r1);(n2;r2);a), in thecontet transi-
tion graph,is translatednto a tag queryin the querynodeassoci-
atedwith (n2;r2). TheTVQ of Figure4 is shawvn in Figure7(a).

3.3 Output Tag Tree(OTT)

ThegeneratedVQ traverseghe documenthodesbut doesnot



((0,root), R1)

((1,metro), R2)
<metro> ‘ $m7new‘

Qm_new=SELECT metroid, metroname
FROM metroarea

<HTML>
<HEAD>

<resu|t_metro>‘ $m_new ‘

Qm_new=SELECT metroid, metroname
FROM metroarea

((4,confstat), R3)

<confstat> ‘ $s_new

IQs_new=SELECT SUM(capacity), TEMP.*
FROM confroom, (SELECT *
FROM hotel
WHERE metro_id=$m_new.metroid
AND starrating > 4
) AS TEMP
WHERE chotel_id=TEMP.hotelid
GROUP BY TEMP.hotelid, ... , TEMP.gym <B>

((5,confroom), R4)

<confroom> ‘ $c_new ‘

Qc_new=SELECT *
FROM confroom
WHERE chotel_id=$s_new.hotelid
AND EXISTS (SELECT COUNT(a_id), startdatel
FROM availability, guestroom
WHERE rhotel_id=$s_new.hotelid
AND a_r_id=r_id
GROUP BY startdate)
(a) Traverse View Query

pseudo root
<result_confstat>

pseudo root
<confroom>

(b) Output Tag Tree

<result_confstat> ‘ $s_new ‘

Qs_new=SELECT SUM(capacity), TEMP.*

FROM confroom, (SELECT *
FROM hotel
WHERE metro_id=$m_new.metroi

AND starrating > 4

) AS TEMP

WHERE chotel_id=TEMP.hotelid

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

<confroom> ‘

Qc_new=SELECT *

FROM confroom

WHERE chotel_id=$s_new.hotelid

AND EXISTS (SELECT COUNT(a_id), startdatel
FROM availability, guestroom
WHERE rhotel_id=$s_new.hoteli

AND a_r_id=r_id
GROUP BY startdate)
(c) Stylesheet View

$c_new

Figure7: (a) TraverseView Query, (b) Output Tag Treesand (c) Stylesheetiew for Figure 4.

generatethe expectedoutput. To produceoutput, for eachnode
(n; r) in thetraverseview query we generatean outputtag treet
correspondingdo r. Theoutputtagtreesfor Figure4 areshavn in
Figure 7(b). We connectall the outputtag treesto form a single
outputtagtree. The detailsabouthow the treesare generatecind
connectedhrediscussedn Sectiord.3.

3.4 StylesheetView

Combiningthetraverseview queryandoutputtagtrees,we gen-
eratethe stylesheeview v° for the X sLT stylesheetasis shovn in
Figure7(c). Thecombinatiorentailscopying thetagqueryfor each
node(n; r) in thetraverseview queryinto therootof theoutputtag
treefor (n; r). Thisis discussedn Section4.4.

3.5 Functions Usedin Composition

SELECTQ and MATCHQ are analogousto SELECT and
MATCH presentedn Section2.2.1,but they operateon schema-
treenodesratherthandatanodes.Recallthatboth SELECT and
MATCH involve applyingpatternsto context nodes githerto de-
rive asetof new context nodesor to determinenvhetherthe context
nodesarematched.Correspondinglywhenwe apply a patternab-
stractlyon a schema-treguery thereis a querycontet node and
anew querycontext node For example,we mightapplythepattern
“hotel/confstat”abstractlyto the querycontext node(1; metro) in
Figurel anddeterminghatnode(4; confstat) is anew querycon-
text node.We alsointroducea third function, COMBINE , which
producegheselect-matclsubtreesssociatevith eachedgein the
CTG.

Givenquerynoden andruler, MATCHQ (n; r) checksif the
templatepathmatch(r) matchessomesufx of the pathfrom the

rootto n in theschema-trequery In XsLT, thematch(r) contains
only child or descendan(//") axislocationsteps.SinceXSLTpasic
doesnot have the descendardxis,any matchwill correspondo a
unique,simple pathin the schema-treguery If sucha pathex-
ists, it is returnedas a tree-patterrguery otherwiseNuLL is re-
turned. As aresult,if deon is aninstanceof n, MATCH (dcon ; T)
returnstrue if MATCHQ (n; r) returnsa nonNuLL value. For
example,in Figure 6, thereis a node ((5; confroom); R4), and
match (R4)="metro/hotel/confoom”. Figure 8 shavs the corre-
spondingtiree-pattermuery which hasthreenodes.

Givenquerynodes: andnz, ruler, and<apply-templates>
element 2 apply(r), SELECTQ (n1;a; ny) returnsatree-pattern
queryin whichn; isthequerycontext nodeandn isthenew query
contet node,or NULL. Thetree-patterrquery(if oneis returned)
is derivedfrom select (a) by usingn; asthecontext nodeandasso-
ciatingn with the nal selection-stejn select (a). With selection
stepaxes limited to <child> and<parent> , the resultingtree-
patternwill beunique.For example,if a is theapply-templatesl-
ementin R3, thenselect (a)=“../hotel_available/../confoom” and
thecorrespondingree-pattermueryis theoneshavn in thetopleft
Figure8.

Given the tree-pattermgueryt returnedfrom SELECTQ and
the tree-pattermuery p returnedfrom MATCHQ , COMBINE
createsa combinedtree-pattermjuery as shavn in Figure 8. To
accomplishthis, the two patternsarecombinedinto a new pattern
which is turnedinto a treeby a simpleuni cation processasfol-
lows. First, the nodemarked 'new query context node'in t and
the nodemarked 'query contet node'in p areuni ed. (Unica-
tion succeed# thetwo nodeshave thesameds.) If parentf the
nodesjust-uni ed exist in both queries,they areuni ed, andthis



select(a in R3)"../hotel_available/../confroonmiatch(R4)="metro/hotel/confroom"
hotel metro

+ Q\O hotel

o hotel_available
confroom
(new query context node)

confstat
(query context node)

confroom
‘ ‘ (query context nodt
N
combine ("../hotel_available/../confroom", "metro/hotel/confroom")

O, metro

hotel

confstat O hotel_available

(query context node) onfroom

(new query context node)

Figure 8: Combining tree-patten queries for select(a) and
match(r)

processs repeatedsmary timesaspossible Notethatsinceboth
t andp areobtainedfrom the schema-treguery the resultof this
proceswvill beatree.Obviously, thefunctionwill fail if theinitial

uni cation fails, but asCOMBINE is usedin this papey they are
guaranteedio bethe sameschema-tre@ode.

4. DETAILED ALGORITHM

The detailedstylesheet-compositioalgorithmis shawvn in Fig-
ure 9 anddescribedbelaw in four stepscorrespondindo the four
datastructuresntroducedn Section3.

4.1 Stepl: Generatingthe CTG

Givenaview queryv andastylesheex, lines3to 14in Figure9
createctg = CTG(v;x). An edgee = ((n1;r1);(nz;r2);a)
will appeaiin ctg if andonly if thefollowing conditionsaresatis-
ed: (1) MATCHQ (n1;r1) 6 NULL, (2) MATCHQ (n2;r2) 6
NULL, (3) SELECTQ (n1;a;n2) 6 NULL, and(4) mode(a) =
mode(rz).

Edgee is labeledwith the select-matchsubtreegeneratedoy
the COMBINE function, which combinesthe tree-patterngor
select (a) andmatch(r,). Thenew querycontext nodein thetree-
patternfor select(a) is the sameasthe querycontet nodein the
tree-patterrior match(rz).

4.2 Step2: Generatingthe TVQ

Thegeneratiorof thetraverseview queryin Figure7 takesplace
in lines 16—220f Figure9 andproceeddy copying the CTG (line
16), turning the resultingstructureinto a tree (line 17), and sub-
stituting new binding variables(lines 18). Next the tree-pattern
queryfor eachedgeis translatedo a parameterizedQL queryas
describebelon. ThetranslatedsQL querybecomeghetagquery
associateavith thetamgetnodeof theedge.

4.2.1 Geneatingthe Select-Math SubteeQuery

This sectionexplains how to translatea select-matchsubtree
smt to an sQL query This procedureis shavn in the UNBIND
function of Figure 10. Supposehe query context nodeand nev
query contet nodeof smt arem andn respectiely, and,n has

Procedure Compose(V,x)

Input: v: original schema-tregiew query;x: XsLT stylesheet
Output: stylesheeview

1: ctg: aContet TransitionGraph

2: tvqg: aTraverseView Query
3: ottr ee: anOutputTemplateTree
4: forn 2 vdo
5. forr 2 xdo
6: if MATCHQ (n; r) 6 NULL then
7 add(n; r) toctg

8: for (n1;r1) 2 ctg do

9. for(nz;r2) 2 ctg do

10: for a2 apply(ri) do

11: t  SELECTQ (ni;a;nz2),p MATCHQ (n2;r2)
12: if t 8 NULL and mode(a) = mode(rz) then

13: addanedgee = ((n1;r1);(n2;r2);a) tocty

14: smt(e) COMBINE (t; p)

15: (repeatedlyDeleteall nodeswithoutincomingedge except(r oot; r)
16: tvqg ctg f (copy)g, bvmap(rootoftvg)  empty
17: (repeatedlyDuplicatenodeswith multiple incoming edges splitting
incomingedgesandcopying outgoingedges
18: replacebindingvariablesn tv g with new, uniquebinding variables
19: fore= (w1 = (n1;r1);wz = (n2;r2);a) in edgesf ctg do
20:  (Quy(w,): bvmap(wz))
UNBIND (smt(€); n1;nz;bv(wz); bvmap(w1))
21: for all bindingvariablesbv referencedn Qy, (w,) do
22: renamebv asbvmap(wz):get(bv)
23: forw = (n;r) 2 tvgdo
24: ott(w) =GENERA TE _.OTT (n;r)
25: ottree  ott(w)8w 2 tvqfinitially aforesg
26: for e = (w1;w>;a) in edgesof tvg do
27: a% the2apply-templatefiodein ott (w 1) whichis acopy of a
28:  replacea® with anedgefrom parent (a9 to root (ott (w2)))
29: forw = (n;r) 2 tvgdo
30:  bv(root(ott (w))) bv(w)
31:  Qbv(root (ot (w))  Qbv(w)
32: Remawe thetopmostpseudo-rootfiodein ottr ee
33: while thereis ary 2pseudo-roothodepr left do
34: for eachchild nodec of pr do
35: addedgee = (parent(pr);c)

36: if Qpy(c) is emptythen

37: bv(c)  bv(pr), Quv(c)  Qubv(pr)

38: else

39: Quv(cy UNBIND (parent(pr);c)

40: addthe SELECT  columnsof Qpy (pr ) 10 Qpy(c)

41. changev(pr)® as®v(c) in the tag queriesof ¢'s descen-
dents

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

Figure 9: Query compositionalgorithm.

cestornodesof n until we reachn;, the lowestcommonancestor
of m andn. Thenew queryis Q73" *(sj;:::;sf), where
s; is the binding variablefor n; ands; 1 is the binding variable
for childn (n;), the child nodeof n; alongthe pathfrom n; to n.
Furtherquerytransformationsik e thosedescribedn [8] canbeap-
pliedto this query Sincethe procedurés essentiallyto remove the
bindingvariablesn tagqueriesjt is namedthe UNBIND function.

As anexample,the select-matclsubtreesmt(e2) in Figure6 is
translatednto ansQL queryasfollows. It is generatedy unbind-
ing thetag query Qs (h) of node<confstat>  (with id 4), which
is the new querycontet nodein smt. All occurrencesf binding
variable$h in Q¢(h) arereplacedwith referenceso a sub-query
thetag queryQ (m). Since<metro> is the lowestcommonan-
cestorof querycontext node<metro> andnew querycontet node
<confstat> , theunbindingstops.Theresultingunboundqueryis
shavn below:



Function UNBIND (m; n)
Input: Querycontext nodeasm, Targetnodeto unbindasn
Output: Unboundqueryfor n asq

s 1 bv(childn(n}))
1d Quupmy ) (sjinsR), whichis theunboundagquery

of n, Qpy(ny(S1;S2; 555 Sk)
6: returnq

1: n;  thelowestcommonancestoof m andn

2 s bv(nj)

3: childs (n;)  child nodeof nj alongthepathfromn; ton
4:

5

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

Function NEST (p; p?9
Input: Nodeasp, Child nodeasp®
Output Tagqueryfor p afternestingasq
4 Qup
: for eachchild nodec of p, exceptp® do
g NEST (c;NULL)
addEXISTS ¢ in WHERE clauseof q
return g

aghwnR

Figure1l: Generatingnestedsub-queryfor subtreeunder node
in select-matchsubtree.

SELECT SUM(capacity), TEMP.*
FROMconfroom, (SELECT * FROMbhotel
WHEREmetro_id=$m.metroid
AND starrating > 4) AS TEMP
WHEREchotel_id=TEMP.hotelid
GROUPBY TEMP.hotelid,...,TEMP.pool, TEMP.gym

This querybecomeshetagqueryof ((4; confstat); R3) asshavn
in Figure7(a),afterthefollowing transformationthebinding vari-
able$m in the abore queryis renamedas $m_new, which is the
bindingvariableof ((1; metr 0); R2). NotethataGRoOUPBY clause
on all columnsof TEMP are addedinto the query by unbinding
to presere the semanticsof the aggrgation SUM (capacity) in
Qs(h).

Anotherexampleof this processs thequeryfor smt(e3) in Fig-
ure6. Theresultof unbindingasdescribedsofaris shavn here:

SELECT * FROMconfroom
WHEREchotel_id=$h.hotelid

However, thisqueryis incorrectdueto threesubtleissues First, the
select-@pressionfor smt(e3) is “../hotelavailable/../confoont,
so there must exist at leastone <hotel _available> node, but
the unboundquery abore doesnot checkfor one. Second,such
a<hotel _available>  nodeis notarbitrary but mustbeasibling
nodeof the<confstat> nodewith the sameparent.In caseof a
missing<hotel _available>  sibling, the xsSLT stylesheetvould
not processthe <confroom> . Third, in a more complex pattern
<hotel _available>  mayitself betherootof a subtreerequiring
that the processbe carriedout recursvely. To handlethesethree
issues(existence sibling andrecursion conditions),the procedure
of generatinghe queryfor select-matctsubtreesmt is modi ed
asshown in Figure13. We introducea new functionNEST (Fig-
ure 11) thatis invoked from the procedure Note thatcaremustbe
takenin NEST torenameablesduringprocessingo avoid names-
pacecollision, but thesedetailsarenot shavn. Line 5 of Figure10
is alsomodi ed, asshawvn in Figure12, to satisfythe threecondi-
tions.

Supposdor smt, its querycontet nodeis m andits new query
context nodeis n with the tag query Q,, (s1;:::;sk). Firstthe

f Replaceline 5 of Figure 10g
P fnodesalongthe pathfrom child, (n;) tong
for nodep 2 P do

p® childof p2 P, otherwiseN ULL

ov(p) _NEST (p;p)

q i o0 t(sj i 8), which is the unboundand
nestedagqueryofn, p,ny(S1;S2; 5 k), anddecorrelation
of bv(s;) is doneby ;.

Figure 12: Changesto UNBIND functionsin Figure 10

Function UNBIND (smt; m; n; bv® bvmap)

Input: Select-matctsubtreeas smt, Query context nodeof smt
as m, New query context node of smt as n, New binding
bariableasbv®, Binding variablemapasbvmap.

Output: Unboundqueryfor smt asq, New bindingvariablemap

asbvmap’.

g UNBIND (m;n)

n; thelowestcommonancestoof m andn

: childy(nj)  child nodeof nj alongthepathfromn; ton

: R fnodesalongthepathfrom child, (n;) tong

for nodep 2 R do

addthe SELE CT columnsof Qp,(p) t0q

P  fnodesalongthepathfrom rootof smt tomg

: for nodep 2 P do

for eachchild nodec of p, suchthatc 2 P andc 2 R do

g NEST(c;NULL)
addEXISTS q: in WHERE clauseof q

: bvmap” bvmap

: for nodep 2 R do

bvmap®inser t(bv(p); bv?)

: childm (n;)  child nodeof n; alongthe pathfrom n; tom

: S fnodesalongthepathfrom childm (nj) tomg

: for nodes 2 S do

bvmap®r emove(bv(s))

: return (g; bvmap”)

CooNoOuRWNE

PRRRRERERERE
©CO~NOURWNE

Figure 13: UNBIND function for select-matchsubtree.

unboundqueryQpt ™ I Y(g ;000 8Y) is generatedline 1 in Fig-
urel3d), usmgthefunctlonsho/vn in Figure12. Theunboundyuery
involves every nodealong the pathfrom child, (n;) to n, which
we denoteasnodeset(child, (n;) ! n). Theexistenceof every
nodealongthe pathfrom n; to m, denotedasnodeset(n; ! m),
is ensuredbecauseof the existenceof m itself. Therefore,we
needto ensurethat for every nodein the set (nodesetsmt) n
(nodeset(n; ! m) [ nodeset(childn(nj) ! n))), thereshould
exist at leastone matchingdocumentinstancenode. For a node
p 2 nodeset(childn(n;) ! n), the existenceof child nodesof
p is checled by the EXISTS clauseinsertedat line 4 of NEST .
Nestingis performedrecursvely for thenodesn the subtreaunder
p. Similarly, for the child nodes(andthe subtreesootedat them)
of nodesin nodeset(nj ! m), EXISTS clausesareinsertedat
lines 10-11of Figure13. For example,the resultingqueryfor tag
queryQ.(h) shouldbeasshavn belaw:

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)



output tag tree for ((0, root), R1)

output tag tree for ((1, metro), R2)|

pseudo root
<result_metro>

<HEAD> <BODY>

apply templates|

output tag tree for ((4, confstat), R3)

output tag tree for ((5, confroom), R4

Figure 14: Output Tag Treesfor nodesin TVQ of Figure 7(a).

Thisquerybecomeshetagqueryof ((5; confroom); R4) asshavn
in Figure7(a),afterrenamingthe bindingvariables.

A bindingvariablemap bvmap((n; r)), is associateavith each

nodein the TVQ. In Figure 13, the entriesin bvmap((m; r%)
arecopiedto bvmap((n; r)), exceptthoseentriesfor schema-tree
querynodesalongthe pathchildy, (n;) ! m. Morever, entriesare
insertedor schema-treguerynodesalongthe pathchild, (n;) !
n, suchthat the binding variablesof thesenodesin the original
schema-tregueryaremappedo bv((n; r)). In the tag queryfor
eachnode(n; r) in the TVQ, thereferencedinding variablesare
renamedaccordingto bvmap((n; r)).

4.2.2 Multiple IncomingEdges

It is possiblethat thereare multiple incoming edgesto a node
labeled(n; r) in the CTG. Sincequery generationis de ned for
the select-matctsubtreeassociatedvith a singleincoming edge,
we needto duplicate(n; r) whenwe generateghe TVQ (line 17).
Sincethechildrenof thisnodenow needto beduplicatedandtheir
children, to the leaf nodesof the CTG), the size of the TVQ may
be upto exponentiallylargerthanthe CTG.

4.3 Step3: Generating Output Tag Tree

For eachnode(n; r) in TVQ, anoutputtag treeott((n; r)) is
generatedy GENERAE_.OTT(n,r) (lines 23-24),andthenthese
treesare connectedo form a single outputtag tree OT T (v; X)
(lines 26—28). The outputtag treesfor nodesin the TVQ of Fig-
ure7(a)areillustratedin Figure14,andthe nal outputtagtreeis
shavn in Figure7(b). Brief descriptionf the two stepsaregiven
belaw.

4.3.1 GENERAE.OTT(n,r)Function

We shaw theintuition of GENERA E_.OTT(n,r) usingthe exam-
plein Figurel14. Foranode(n; r), ott((n; r)) isthetreerepresen-
tation of the hypertext fragmentinsidethetemplateruler. We add
a root pseudo-oot to the fragment. The element<xsl:value-
of select="."> in r, is representeds a nodewith the tagn,
for examplethe <confroom> nodein ott((5; confroom); R4)).
Each<xsl:apply-templates> elementin r is representedsan
apply-templatesodein ott((n; r)). Not shavn are<xsl.value-
of select="@ attribute "> elementsvhichwould causedatafrom
the databaséo be attachedo a nodelik e <result-confstat>

4.3.2 Connectinghe OutputTag Trees

The outputtag treesof the nodesin the TVQ are connectedo
form OT T (v;x). Fortwo nodes(ns;r1) and(nz;rz), if (n1;r1)

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

<xsl:template
<xsl:apply-templates

</xsl:template>

match="metro"> (R2)
select="hotel/confstat"/>

Figure 15: An exampleof forcedunbinding.

<HTML>

‘ <BODY> ‘

<result_confstat> ‘ $s_new ‘

Qs_new=SELECT SUM(capacity), TEMP2.*

FROM confroom, (SELECT *

FROM hotel, (SELECT metroid, metronanie
FROM metroarea
) AS TEMP1
WHERE metro_id=TEMP1.metroid
AND starrating > 4

) AS TEMP2

WHERE chotel_id=TEMP2.hotelid

GROUP BY TEMP2.hotelid,..., TEMP2.gym,..., TEMP2.metrog

‘ <HEAD> ‘

<confroom> ‘ $c_new ‘ $s_new

Qc_new=SELECT *

FROM confroom

WHERE chotel_id=$s_new.hotelid

AND EXISTS (SELECT COUNT(a_id), startdate
FROM availability, guestroom
WHERE rhotel_id=$s_new.hotelid

AND a_r_id=r_id

GROUP BY startdate)

Figure 16: Stylesheetview for Figure 15.

is the parentof (n;r2), we add an edgefrom the parentof the
apply-templatesiodein ott((n1;r1)) to the pseudo-oot nodein
ott((nz2;r2)), andremovetheapply-templateaodein ott (ny;r1)).

4.4 Step4: Generating Stylesheetview

The stylesheetwiew for Figure4 is shawvn in Figure7(c). The
stylesheeview is generatedby rst copying queriesfrom theTVQ
to the OTT (lines 29-31),andthenremoving pseudo-oot nodes,
pushingdown querieg(lines32—42).

We now describethe pushingdown of queriesin more detail.
If the child of the pseudo-oot is anelementspeci ed in the OTT,
thequerywill beemptyandunbindingis notrequired.If the child
alreadyhasaquery(dueto an<apply-templates> tagappearing
atthetop level of arule body) thenthe child's tag queryneedsto
be unboundwith the tag query of the pseudo-oot, a processwe
call forcedunbinding Notethat(1) this signi cantly limits output
formatting, but we believe betterformattingcanbe addedwithout
affectingtherestof the algorithmand(2) pushingthe querydownn
separatelynto the apply-templatesodeswill causethe resultsfor
theseapply-templatet begroupedatherthaninterleaved;leaning
moretowardsthe assumptiothatdocumenbprderis not supported
by view composition.

Forexample,in Figure4, eachtemplaterule hassomeoutputthat
will becomepartof theresulttreefragment.However, in Figurel5,
((1; metro); R2) hasno output,but onechild ((4; confstat); R3).
Thereforeott ((1; metro); R2) hasonly two nodegpseudo-ootand
apply-templatesand only pseudo-oot is kept after all outputtag
treesareconnectednto OT T (v; X). The stylesheeview for Fig-
urel5is shavnin Figurel16.

4.5 Complexity of the Algorithm

Below we rst shav thatthetime compleity of thealgorithmis
polynomialwhenthereis atmostoneincomingedgefor eachnode



in contet transitiongraph,andthe worst-casdime compleity is
O(v¥) whenthis assumptioroesnot hold.

As shawn in Figure9, the procesof generatinghodesof CTG
(lines4—7)isboundedyjvj jxj, wherejvjisthenumbernf nodes
in schema-tregueryv andjx;j is thenumberof rulesin stylesheet
X. Sincethereareno con icting rulesin XSLTpasic , the numberof
nodesin CTG is boundedby jvj insteadof jvj jxj. Therefore
the processof generatingedgesof CTG (lines 8-14)is bounded
by jvj? maxa, wheremax, is the maximumnumberof apply-
templatesiodesn arulein x. Thenumberof edgeds alsobounded
byjvj? maxa.. Eachedgeis annotatedvith a select-matclsub-
tree, with differenttag queries. The processof generatingTvQ
(lines 16—22)involves translatingeachof suchselect-matctsub-
treesto a sQL queryby unbinding. As shavn in Figure 13, such
unbindingis boundby the numberof nodesin a select-matclsub-
tree,saymaxy. Therestof thestepsfor generatingoutputtagtree
andstylesheeview areboundedy thenumberof nodesandedges
of CTG (andalsoTVQ). Thereforethe worst-cas@unningtime of
the algorithmis boundedby O(min (jvjjxj; jvji*maxamaxy)). In
mostcasesjvj would belargerthanjxj, thereforetherunningtime
is O(jvj*max amaxy).

However, the nodeswith multiple incomingedgesshouldbedu-
plicatedin theTVQ (line 17). Foranode(n; r) in CTG, its number
of incomingedgess at mostjvj maxa. Suchanodeneedsto
be duplicatedoncefor every incomingedgeandbecomesa child
of every parentin the TVQ. If someof its parentgn® r?% alsohave
multiple incoming edges,(n; r) needsto be duplicatedagainto-
getherwith (n%r®%. This processof duplicationwill go up until
reachingthe root of TVQ. Therefore(n; r) could at mostbe du-
plicated(jvi maxa)¥} ? times.After theduplicationsarecom-
pleted,the TVQ is a tree. The total numberof nodesis at most
ivi (vi maxa)¥! 1. Of coursethiscompleity wouldonly be
realizedin extremecasesandwe expectin practicethatruleswill
beinterrelatecon asmallscaleif atall.

5. SUPERSETSOF XSLT basic

In this section,we shav how to handleseveral of the features
omittedfrom X SLTpasic in Section2.2.2.

5.1 XSLTexpression

XPATH expressionganappeain element®of anXsLT stylesheet
including<xsl:template> and<xsl:apply-templates> . Un-
til now, we have assumedhat predicatesdo not appearin path
expressions. But in reality, eachstepin a path expressioncan
have a predicate,which may be a relational expression(for ex-
ampletestingthe value of an attribute) or anothermpathexpression
(indicating that the relative path mustexist). Figure 17 shavs a
stylesheetvith predicates.The select-matctsubtreefor the edge
from ((4; confstat); R3) to ((5; confroom); R4) in this gure is
shawvn in Figure18. Notethattherearetwo <confstat>  nodesn
theselect-matclsubtree.

Themechanic®of pushingexpressiongrom tree-pattermueries
into WHERE clausedifferslittle from [6, 11], andwe limit our dis-
cussiorto theeffectthatpredicatefiave onouralgorithm,in partic-
ularthe COMBINE functionin Section3.5,the UNBIND func-
tion in Figure13,andthe NEST function. The nev COMBINE
function is almostidentical to the previous function, exceptthat
whentwo nodesn; andn, with predicategp; andp, areunied
to form nodeu, u is given predicate[p; andpz]. Becauseof the
existenceof predicatesjn additionto the proceduredescribedn
Figure 13, the unbindingof queriesmustalso checkif predicates
aresatis edfor all nodesn the select-matclsubtree The changes
to the unbindingfunctionandNEST areshawn 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>

Figure 17: An exampleof stylesheewith predicates.
metro O_[@metroname="chicago"]

hotel

[@sum>$

O O [@capacity>250]
confstat confroom
(query new context node)

hotel_available
[@sum<200b
confstat
(query context node)
Figure 18: Tree-patten query for smt on edge between
((4; conf stat); R3) and ((5; conf room); R4) for Figure 17.

The unboundquery for select-matchsubtreeon edgebetween
((4; confstat); R3) and ((5; confroom); R4) of Figure 17, after
renamingof binding variables,is shavn in Figure20. In this ex-
ample,two predicatedor <confstat> and<metro> appearand
two additionalex1sTs checksappearwith thepredicatesnsidethe
sub-queries.

5.2 XSLTtransformable

In this sectionwe shawv thatsomesupersetsf X SLTpasic canbe
transformedo featuresn X SLTpasic , thereforecanbe processedy
our algorithm.

5.2.1 Flow-Contol Elements

An <xsliif>  elementappearingn aruler canbe handledby
introducinga new templaterule with a previously unusedmode
mnew. Thecontentof the<xslif>  areusedasthebody of the
new templaterule. An <apply-templates> statementeplaces
the<xsliif>  inr, usesthetestof the<xslif>  asits selectand
speci esmnew asthemode. Thisis illustratedin Figure21. In
this gure, nodenamas the namein the lastlocation stepin the
pattern.<xsl:choose> canbesimilarly handledby viewing it as
agroupof templaterulesasshawvn in Figure22. While ommitted
dueto spacdimitation, the transformatiorfor <xsl:for-each>
is very similarto thatfor <xsl:if>

5.2.2 XSL:\alue-ofElements

In XSLTwasic, the select attribute of <value-of>  mustbe “.".
But, in generaljt canbeanx PATH expression Similarly to hov we
handle o w-control elements <xsl:value-of> canbe handled
by viewing it asa new templaterule matchedby implicit <apply-
templates> in therule in whichit resides.Thetransformations
shavn in Figure23.

5.2.3 Conict Resolutiorfor TemplateRules

Eachtemplaterule in a XSLT stylesheehasits priority, which
variesby positionin the stylesheetand also by the order of in-



f Insert the following

(a) after line 8 of Figure 13
(b) after line 1 of Figure 11g
e,  predicateusingtag(p)
adde, in WHERE clauseof q

Figure 19: 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)

Figure 20: The unbound query for Figure 18.

cluded and imported stylesheets. When multiple rules matcha
node XSLT needsacon ict-resolutionschemeo selectheonerule
with the highestpriority to apply The con ict-resolution scheme
itself bringsnodif culty becausé¢heprioritiesof templaterulesare
staticallydeterminecht view-compositiontime [16]. Thecon ict-
resolutionfacility in [9] could be usedfor this purpose.The prob-
lem arisesfrom thefactthatit is impossibleto determineat view-
compositiontime whethera templaterule will matcha node. This
is becausehe matchpatternin atemplatehasnot only nametests
but alsopredicatesthe valuesof which aredeterminableonly dur
ing XSLT evaluationat runtime.

The following approachcanbe usedto composecon ict reso-
lution into sQL queriesin XML view. Supposethereis a set of
templaterulesthat have the samenodenamein their lastlocation
step(whichmeanghey potentiallycouldbecon icting rules).First
arrangethemas a list of rulesin the order of priority. Thenin
eachrule add<xsl:when> elementgo testwhetherthe nodecan
be matchedby somehigher priority rule. The transformationis
shavn in Figure 24. Note thatthe original n ruleshave the same
mode"m", otherwisethey cannotcon ict with eachother As
seenin the gure, eachnew <xsl:.when> elementchecksfor an
“expression i " whichis thereverseof the“pattern i ” in
the i-th templaterule. For example,if the patterni after exten-
sionis namel[pl])/name2[p2]/.../namen[pnthen expressioni is
.[pn]/.../parent::name2[p2]/paent::namel[pl]

5.3 XSLTrecursion

Recursionbetweerrules(or with a singlerule) caneasilyarise
if the parent or ancestoraxesareallowed. In this section,we il-
lustratean approachto dealingwith this recursion. In particular
ourgoalis to speeduptheoverall processingime by pushingcom-
putationfrom the stylesheeto the query processarwhile leaving
therecursionto be handledby the X SLT processowith amodi ed
stylesheet.

For example,Figure25is astylesheek with recursve rules(R1
andR2). Composingt with the schema-tregueryv in Figurel
resultsin stylesheetview v° in Figure26 andnew stylesheek®in
Figure27. By inspection,we seethat x° on v° obtainsthe same
resultasrunningx onv. However, the <result _metroavail>
nodesare generatedvithout materializingmary of the intermedi-

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

template  body
<Ixsl:if>

</xsl:template>

(@
<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 mode="m">
<xsl:choose>

<xslwhen test="el">bl</xsl:.when>
<xsl:when test="e2">b2</xsl:when>
<xsl:otherwise>b3</xsl:otherwise>
</xsl:choose>

</xsl:template>

match="pattern"

(@)

<xsl:template match="pattern"
<xsl:apply-templates
select=".[e1]"
<xsl:apply-templates
select=".[not(el)
mode="mnew2"/>
<xsl:apply-templates
select=".[not(el)
mode="mnew3"/>
</xsl:template>

mode="m">
mode="mnew1"/>

and e2]"

and not(e2)]"

<xsl:template match="nodename"
mode="mnewl1">b1</xsl:template>

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

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

(b)
Figure 22: Transformation for <xsl:choose>

atenodessuchas<hotel> , <confstat> and<confroom> . Our
algorithmfor thistypeof transformatioris currentlylimited to only
afew casesandis notincludedhere;howvever, we have includedthe
exampleaswe feeltheapproachs worthy of noteandis potentially
applicableto X QUERY with functionsaswell asxsLT.

6. RELATED WORK

XML publishingmiddlevare SILKROUTE [6, 5] andXPERANTO
[4, 12, 11] allow usersto query XML views using XML-QL and
XQUERY respectiely. View-compositionalgorithmscomposeuser
querieswith XML views, theresultof which canbeevaluatedusing
relationaldatabasengines.However, the queriescontemplatedn
thoseworksdiffer substantiallyfrom X SLT stylesheetsasobsened
by [7].

In [9] Moerkotte studiedthe problemof incorporatingxSLT pro-
cessinginto databasejuery engines. XSLT stylesheetare trans-
latedinto algebraicexpressionsfor which physicalalgebraicoper
atorsin databasenginesareimplementedusingan iterator Dis-
tinctionsfrom our work werepointedoutin theintroduction.Most
importantly ourapproactallowsfor materializatiorof fewernodes,
andthus,greateref ciency.



<xsl:template
<xsl:value-of
</xsl:template>

match="pattern" mode="m">
select="expression"/>

(@)

<xsl:template match="pattern"
<xsl:apply-templates
select="path
</xsl:template>

mode="m">

expression” mode="mnew"/>

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

<xsl:value-of select="."/>
</xsl:template>
(b)
Figure 23: 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>
@
<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)
Figure 24: Transformation for con ict resolution.

Thework of Jain,MahajanandSuciu[7] istheclosesto ours. Its
approachgeneratea singlesqQL queryfor anentireXSLT program
andtagsthe sqQL resulttuplesto generatexmL output. The tech-
niqueof [7] begins by separatinghe XsLT stylesheetnto distinct
paths. Eachpathis representedby a structurecalledQTree One
SQL queryis generatedor eachpathby composingts QTreewith
the xMmL view tree. The nal sQL queryfor the XSLT stylesheet
is aunion of all suchqueries.Our approachimprovesupontheirs
on a numberof points. The rst pointis thatwe generate tree-
structuredview querydirectly ratherthanan sQL query Sincere-
centwork either (1) optimizesthe translationfrom view-queryto
sQL-query[5] or (2) exploits knowledgeof thetreestructureduring
optimization[2], we expectthis distinctionwill be moreimportant
overtime.

Secondpurconstructiorof select-and-matcsubtreesvoidsser-
eralissueghatarisewith theQTree (1) it is notclearhow dataval-
uesfor internalnodesaregenerateginceouterjoins arenot done
along QTree paths,andif outerjoins were performed,duplicates
would thenneedto be eliminated. [7] assumeshatonly the leaf
nodeof a pathcontrituteto theresult. However, in reality all other
nodesalongthe path could generatepart of the result. Therefore
for eachpath, one sQL querycannotbe sufcient. 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]
Imetro_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>

Figure 25: An exampleof stylesheetwith recursive rules.

<metro> ‘ $m_new ‘

Qm=SELECT metroid, metroname
FROM metroarea

<me(r0avail_d0wn>‘ $md ‘ $m_new <metroavail_up> ‘ $mu ‘ $m_new

Qmd=
SELECT COUNT(a_id), TEMP2.*,
FROM availability, guestroom, hotel,
(SELECT COUNT(a_id), startdate, TEMP1.*
FROM availability, guestroom,
(SELECT *
FROM hotel
WHERE metro_id=$m_new.metroid
AND starrating > 4
) AS TEMP1
WHERE rhotel_id=TEMP1.hotelid
AND a_r_id=r_id
GROUP BY startdate, TEMP1.hotelid, TEMP1....
HAVING COUNT(a_id)>10
)AS TEMP2
WHERE rhotel_id=hotelid
AND a_r_id=r_id
AND metro_id=$m_new.metroid
AND startdate=TEMP2.startdate

Qmu=
SELECT COUNT(a_id), TEMP2.%,
FROM availability, guestroom, hotel,
(SELECT COUNT(a_id), startdate, TEMP1.*
FROM availability, guestroom,
(SELECT *
FROM hotel
WHERE metro_id=$m_new.metroid
AND starrating > 4
) AS TEMP1
WHERE rhotel_id=TEMP1.hotelid
AND a_r_id=r_id
GROUP BY startdate, TEMP1.hotelid, TEMP1....
HAVING COUNT(a_id)>10
)AS TEMP2
WHERE rhotel_id=hotelid
AND a_r_id=r_id
AND metro_id=$m_new.metroid
AND startdate=TEMP2.startdate
HAVING COUNT(a_id)>50

Figure 26: Stylesheewiew v°for composingFigure25with Fig-

urel.

all sQL queriesfor eachQTreg eachof whichis anouterunion of
sQL queriesfor eachnodeon the pathrepresentedby the QTree
(2) QTreecombinegheselectexpression®f differentrulesaslong
asthey areon the samepath. Again becausehatnot only the leaf
nodebut alsoall nodeson a pathcould generateaesultfragment,
thepredicatesn expression®f differentrulesshouldnotbesimply
combinediogether (3) QTreedoesnot appeato handlethe parent
axisof XPath,for example,“../hoteLavailable/../confroomtannot
behandledoy QTreebecauseheexistenceof hotelLavailablenode
is nottested.

Finally, [7] doesnotcover mary featuresof xsSLT. The predi-
cateshandledin [7] areaccessesf attributesor text subelements.
It doesnot considerhow to handlethe casewhenthey arealsoex-



<xsl:template match="/metro"> (R1Y)
<xslparam  name="idx" select="10"/>
<result_metro>
<xsl:apply-templates
select="metroavail_down[@count<$idx]">

<xsl:with-param name="idx"
select="$idx-1"/>
</xsl:apply-templates>
</result_metro>
</xsl:template>
<xsl:template match="metroavail_down"> (R2Y)
<xsl:param  name="idx"/>
<xsl:choose>
<xsl:when test="$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>

Figure 27: New styleshee®for composingFigure 25with Fig-
urel.

pressionslt doesnot discusshow to handlefeaturessuchas o w-
control elementsand con icting rule resolution. It doesnot deal
with recursionin templaterules.

7. CONCLUSION AND FUTURE WORK

In this paper we focuson the problemof evaluatingxsL trans-
formationson xmL-publishingviews. For a subsetof XsLT, we
presentview-compositionalgorithmto composea transformation
with anxmML view. We thendescribenow to extendthis algorithm
to handlemostfeaturesof XsLT, including certaincasesof recur
sion. Evaluatingthe composedstylesheeview on a databaseén-
stanceresultsin the samexML documentasevaluatingthe XsLT
stylesheebn the original XML view. In this way, inef cient xXsSLT
processings replacedby queriespushedinto relationaldatabase
engines.In addition,the stylesheeview doesnot generatehe un-
necessaryodes.Thesefeaturesof our approacthoffer the promise
of greatlyimprovedef ciency.

Basedntheview-compositioralgorithmproposedn this paper

we planto focusour future work on (1) handlingmorefeaturesof
XSLT thatwereexcludedin this paperand(2) developingfurtherthe
approachof handlingrecursionandothercomplicatedfeaturesby
partially pushingfunctionality from the stylesheetnto the query
Finally, we expectthatthislastapproachmaybeusedo ensurehat
the compositionwill alwaysrunin polynomialtime, at the costof
leaving more functionality to be processedy xsLT, andwe plan
to investigatethis tradeof.
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