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Abstract

XML is anemepging standardormat for dataon the Web aswell asin businessappli-
cations. In orderto storeandaccesshis informationin an efficient manney database
technologymustbe utilized. A relationaldatabaseystemthe mostestablishecndma-
turetechnologyfor queryprocessingndstoragegcreatesa strongfoundationfor suchan
XML datamanagemengystem.However, while relationaldatabasearebasedon SQL
gueriesthe original userqueriesarewritten in XQuery, an XML querylanguage.This
XML querylanguagérassupportfor ordersensitve queriesasXML is anordersensitve
markuplanguage.

A major problemhasbeendiscoreredwith loading XML in a relationaldatabase.
That problemis the lack of native SQL supportfor andmanagemenof orderhandling.
While XQuery hasorderand positionalsupport,SQL doesnot have the samesupport.
For example individualswhowereviewing XML informationaboutmusicalbumswould
have ahardtime queryingfor thefirst threesongsof atracklist from arelationalbackend.
Mapping XML documentgo relationalbackendsalso proves hard as the datamodels
(hierarchicakelementsrersusflat tables)aresodifferent.

For thesereasonsand other purposesthe Rainbav Systemis being developedat
WPI as a systemthat bridgesXML dataandrelationaldata. This thesisin particular
dealswith the algebraoperatorghat affect order, order sensitve loadingand mapping
of XML documentsandthe pushdevn of orderhandlinginto SQL-capablegquery en-
gines. The contritutionsof the thesisarethe ordersensitve rewrite rules,new XML to
relationalmappingswith differentorderstyles,ordersensitve template-divenSQL gen-
eration,and a proposedmetadataable for ordersensitve information. A systemthat

implementstheseproposedtechniqueswith XQuery asthe XML query languageand



Oracleasthe backendelationalstoragesystemhasbeendeveloped. Experimentsvere
createdo measuresxecutiontime basedon variousfactors. First, scalability of the sys-
temasbackendlatasetsizegrowsis studied.Secondscalabilityof the systemasresults
returnedfrom the databasgrows, andfinally, queryexecutiontimeswith differentload-
ing typesareexplored. The experimentalresultsareencouraging Queryexecutionwith

therelationalbackendorovesto be muchfasterthannative executionwithin the Rainbav

system.Theseaesultsconfirmthepracticalutility of ourproposedrdersensitve XQuery

executionsolutionover relationaldata.
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Chapter 1

Intr oduction

1.1 Motivation

XML [1] hasbecomethe standardnarkuplanguagefor documentson the World Wide
Web andwithin the businesscommunity In mary instancesthesedocumentsarestored
in hardto queryfile systems.A bettersolutionwould be to storethemin a relational
databas¢l1], which hasbeenproventhroughtime to be highly optimizedfor queries,
secureand mature. Theseare qualitieswhich are desiredby the businesscommunity
However, utilizing bothtechnologiesn harmory canbe a difficult task. Storingor load-
ing XML documentsnto relationaltablesis notalwaysa losslesoperation.Information
regardingorder structure,hierarchicaland sibling order specificallymay be lost in the
relationaldatabaseThis orderingof elementinformation,despitebeingimplicit, is crit-
ical to documentreconstructiorandthusto correctqueryprocessing.Queriesbasedon
thisimplicit documenbrdercanalsobeimportantto theenduser For example,suppose
the enduserswantsto know the secondsongtitle from a tracklist. This querywould be
rathersimplein XQuery, but moredifficult to producein SQL. Hencea systemneedso

beimplementedvhich caneffectively managdlexible ordersensitve documentoading



aswell asefficient ordersensitve queryprocessing.

1.2 Stateof the Query ProcessingSystems

Currently systemsexist to queryover XML documentausing XQuery, the now almost
standardXML querylanguage.Many [13, 9] areconsideredhative systemsn thattheir
datais representedndstoredin someproprietaryXML specificrepresentationsuchas
DOM [16]. Thesesystemsareusefulasa proofof conceptshut in thelongrun probably
won't beefficient for large documentshatcouldbe gigabytesn size,with mary queries
over them. A few of thesesystemshandlethe orderproblem,often by simply keeping
the XML dataaswell asintermediateesultsin physicalXML documenobrder[13]. This
howeveris basedntheirinefficientstoragewhich makegheir systemsapoorchoicefor

the businesscommunity For this reasonmary systemg8, 21, 6] are beginningto use
relationalbackends.OnceXML documentdhave beenmappedo relationalschemasa
techniquefor ordersensitve query executionis thenrequired. The translationof XML

guerylanguages$o SQL while preservingorderremainsachallengingask. Someprojects
do a directtranslation- syntaxto syntax[2, 6], while otherprojectstranslatefrom syn-
tax to algebrarepresentationt syntax[8, 10]. Regardlessof the translationstrateyy,

the procesds complicatedwhenit comesto ordersensitve translation.Currently only
oneproject[15] attemptsto solwve this issue,andit is doneby a direct syntaxto syntax
translation.While this methodmay solve animmediateneed,if a nev methodof order
storagewas proposedthis groupwould have to recodetheir syntaxto syntaxtranslator
TheRainbav systemwasdesignedn partto solve the orderproblemandthis thesisnow

focuseonthesessues.



1.3 Problem Definition

Considerthefollowing queries.“Return the secondsongtitle of every album”, “Return
thefirst 3 bandnamesof all bandsfrom Boston”,“Of all the songsin a discographyre-
turnthesixthtitle.” Thesequeriesarealmostimpossibleto createwith a set-basedjuery
language suchas SQL, which hasno conceptof orderedsets. XQuery, however, uti-
lizes orderedsetsandcanexecutethesequeries.Providing a middlevarefrom relational
storageto XML representatiothatwill allow usto createsuchqueriesin XQuery and
executethemin SQL is thegoal.

Beforethisgoalcanbereachedtherearemary researchssuesvhichmustbesolved.
First, the questionis if XML documentscanalwaysbe genericallydecomposedhnto a
relationalstructure thengenericallybe composedackto the original documenwithout
losingary informationespeciallyary ordersensitveinformation?Secondlyhow canthis
ordersensitve informationbe storedwithin the relationaldatabaseNext, is it possible
to pushdown all ordersensitve executionto therelationalbackendpr mustcertainparts
be executedby the native system?If this ordersensitve executioncanbe pusheddown,
how canit properlybeexecutedover aorderinsensitverelationalbackendZinally, what

is the costof this pushdevn solution?

1.4 My Approach

In thisthesisl amproposingo processaandexecuteordersensitve XQueryqueriesusing
the following steps. First XML documentsand schemasnustbe loadedand storedin
the relationaldatabasesuchthat their ordersensitve informationis kept. All required
implicit ordersensitve informationis madeexplicit. This explicit informationmustalso
be captured.To do this, anordersensitve metadatdableis createdhatcontainsthis in-

formationfor eachschemandeachchoserloadingstratgy. Ordersensitve userqueries

3



mustthenbe mergedwith queriesthat containknowledgeof theseloadingsin orderto
composeheminto acompletequery

Thismemgedqueryis thentranslatedo thesystem-specifialgebraree, XAT (relevant
algebraoperatorsaarediscussedn Chapters). This queryis massagedsingequivalence
rulesin orderto optimizethetreebeforeSQL generationakesplace.Algebratreeswhich
containordersensitve positioninformation are rewritten with extra metadatanforma-
tion. Rewrite rulesexist to createspecialordersensitve operatorsn their place. These
specialoperatorsalert SQL generatiorthat an orderspecificquerywasissued. This is
fully describedn Section5.5.1.

Oncethe treeis sufficiently optimized, as determinedby the system,the operators
which canbe translatedo SQL aretranslated.As eachoperatoris translated specific
portionsof an SQL statementre created. Whenthe newly createdordersensitve op-
eratorsarereachedspecialSQL templatesareusedandfilled in with informationfrom
thealgebrarreeaswell asinformationfrom the metadatdable. ThefinalizedSQL state-
ment(s)are then executedover the relationaldatabasewith the resultsreturnedto our
system. Finally Rainbav executesall the remainingnon-SQL translatableoperatorsn

mainmemory Thefinal resultis thenreturnedo the user

1.5 Contrib utions

Togethemwith my additionto theRainbav systemRainbav now will bethefirstsystento
proces®rderbasedjuerieswith algebraoptimizationsnota syntaxto syntaxtranslation.

Eachcontributionis listed specificallybelow:

1. Createdlifferentloadingqueriespasedn 3 differentorderencodings

2. Createdh framework to allow generaimappingsandgenerakencodings



3. CreatedRewrite rulesfor ordersensitve computatiorpushdevn

4. Designedhe metadatdablefor ordersensitve informationmanagement

5. Designedamethodfor generabrdersensitve SQL generatiorvia templates
6. Implementedhis work aspartof the Rainbav system

7. Designedandconductedxperimentgo testthe ordersensitve system

1.6 ThesisOutline

The next chapterdetailsthe relatedwork for the thesis. Chapter3 gives background
informationon XML andXQuery, while Chapter is ageneralbverview of the Rainbav
System. Chapter5 discusseshe XML AlgebraTree of Rainbav aswell as Operator
Rewrites. The following chapterthendealswith orderbasedoadingqueriesandview
gueries. Chapter7 describesorderbasedheuristics,while Chapter8 describesorder
basedemplateheuristics.Chapter9 discussesur systemimplementation Experimental
resultsareshovn in Chapterl0. Conclusionsaandcontributionsaregivenin Chapterl1.

Therestof thedocuments dedicatedo Appendices.



Chapter 2

Related Work

2.1 XML Query Processing

TheKweelt[13] projectisanXML queryenginethatuseQuilt [3] asthequerylanguage.
Quilt, the predecessato XQuery, is an order sensitve language.It candetermine for
example,whatthe globally 3¢ elementof the overall documents or whatthe 27 child
is relative to a specificelementin the document. Kweelt, however, doesnot supporta
relationaldatabasasbackendratherit worksdirectlyonnatve XML documentshrough
afile directorystructure.This is not a very sophisticatedhor efficient documenttorage
method.Also, sinceorderis implicitly presered throughouttheir system(it appeardy
physicalsequentiabrderin main-memorydatastructures)little canbelearnedrom their
projectin respecto relationalbackends.

Another projectwith mary of the samebenefitsasKweelt is the Timber project[9]
from the University of Michigan. Thisis anatve XML queryengine suchthatthe XML
datais actually storedin a graphor tree structureon disk. Following W3C standards,
the datais storedin the appropriatedocumentorder This allows the queryresultsto be

returnecdcorrectlyevenwhenqueriesdo nothave orderspecificpredicatesUnfortunately



this projectdoesnot rely on a RelationalBackendbut ratheran objectstoragemanager
Shore[14]. While theremay be benefitsto usingShore alow-level storagemedium,the
Rainbav systemwould have to be redesignedrom scratch. We insteadaim to exploit
relationaltechnologies.

[22] isanXML queryengine.Thisenginecreategnalgebrawhich passeslatatables
betweerthenodeswithin thealgebra.Thecurrentsystemjn orderto handleorder, simply
createsa final columnthatis filled with integersthat containpositionalinformation. If
however a queryonly requiresone 2™ value,the systemwould pull too mary valuesout
of the relationalbackend,only to discarda majority of themwithin a few steps. This
causesesourceso begreedilyconsumedwhich furthercauseshesystento slow down.
Thisis notanefficientquerysystem.

Mary projects[2, 8, 24, 21, 6, 10] do userelationalbackends.They allow for the
translationof a particularXML Querylanguaganto SQL for the queryingof XML doc-
uments.However, theseprojects for thetime being,have notyet focusedon the implicit
orderof thesedocumentsThefuturework sectionof eachof thesepaperdists document
orderasataskfor the future.

The XPERANTO groupin [15] is the only work we areaware of thusfar thatworks
with XML, SQL andtheimplicit orderof the documents.In their paper they describe
how they directlytranslateXQuerystatementgto SQL"order-based’statementssyntax
to syntax.Part of theentire XPERANTO systemusesalgebraranslation put this portion
of their work doesnot. By not usingtheir algebra XQGM, the SQL statementsppear
to be always”hardcoded. If anindividual createda nev mappingstratey, a Database
Administratorwould have to stepin andcreatesomepossiblynew stratey for this oneto
onemappingfrom XQueryto SQL.Rainbav avoidsthis by beingmoregeneric.Rainbav
firsttranslateshe XQueryinto analgebrapptimizesthisalgebraasmuchaspossibleand

thentranslates majority of thealgebrato SQL.



2.2 Order BasedQueries

Attemptingto changehe natureof SQL in orderto extendit towardssupportingordered
gueriesis anotherpossibility In SRQL[12], addingthe conceptof positionandorder
to relationaldatabasess solved by extendingthe SQL operatorsetandby creatinga hi-
erarchicalorderingstrateg)y. This hierarchicalorderingstrategyy extendsthe conceptof
arelationalsetto include a setof groupingattributesaswell asa setof sequencingt-
tributes.This projectdealswith orderingelementdasedn thegroupingandsequencing
attributeswhich aredeterminecon the fly. Basedon this on demandsequencingall tu-
plesarethenorderednumerically This orderingtechnique however, is not appropriate
for XML elementordering,especiallywhen SRQL determinesorder basedon the nu-
mericrankof anelements data(in amannersimilarto TemporalDatabasessdiscussed

in the next section),notbasedn locationwithin the original document.

2.3 Temporal Data Bases

Another possibility could be storingthe XML in temporaldatabasesWhile temporal
databaseandtemporalquerylanguagegocuson tupleswith time stampgelatedto time
order XML documentgontaindocumenbrder Thetwo orderconceptsarein two differ-
entdomains.Attemptingto force XML documentgo usetime domainsis too avkward
of aconcepf19], especiallywhenconsideringheirrelevantdetails,suchastime granu-
larities (minutesversushours)or the differentpossiblycalendars.Thesedetailsbearno
relevanceon documentorder nor on how a hierarchicaldocumentcould be orderedin
suchamanner Also temporaldatabaseandtemporalquerylanguagesrenot supported
widely in relationaldatabasesr relationalquerylanguagesFor thesereasongemporal

databaseonceptarenotidealfor XML ordersensitve queryprocessing.



Chapter 3

Background

3.1 XML Schema

For therestof thedocumentthe XML schemawhichrefersto MusicalRecordsasshavn
in Figure 3.1, will be usedin examples. This schemais usefulfor explaining alternate

mappingqueriesn Chapter6. Thefull W3C XML Schemas shovn in AppendixC.

RECORDLIST
SHORT_PLAY|
BAND [string],
LABEL ([string],
SONG|string*

]*

Figure3.1: RecordList Scheman the Condense®V3C Format[18]

Thescheman Figure3.1,calledtheRECORDLISTschemahasarootRECORDLIST
with zeroor more SHORT _PLAYs, eachwith oneBAND of type string, oneLABEL of

type stringandtwo SONGsof typestring.



3.2 XML Data

<recordlist>
<short _pl ay>
<band>M sfit s</ band>
<l abel >bl ank</ | abel >
<song>Cough/ Cool </ song>
<song>She</ song>
</ short _pl ay>
<short _pl ay>
<band>M sfit s</ band>
<l abel >Pl an 9</ | abel >
<song>Bul | et </song>
<song>W Are 138</song>
</ short _pl ay>
<short _pl ay>
<band>Proj ect X </band>
<l abel >Schi snx/ | abel >
<song>SXE Revenge</song>
<song>Shut down </song>
</ short _pl ay>
</recordlist>

Figure3.2: RecordList XML Document

<RESULT>

FOR $recordin document(’rxml”)/SHORT_PLAY

RETURN
<SONG>$record/SONGI[2]/text/SONG>

</RESULT>

Figure3.3: OrderSensitve XQuery Q1

<RESULT>
<SONG>She</SONG>
<SONG>We Are 138</SONG>
<SONG>Shutdavn</SONG>
</RESUIT>

Figure 3.4: XML Document Result of
XQueryQ1

The XML documenin Figure 3.2 conformsto the RECORDLISTscheman Figure

3.1.

3.3 XQuery Statements

The XQuery [17] statementQ1 in Figure 3.3 that canbe interpretedas, "Return every
secondSONG of eachSHORT_PLAY in the XML document,.xml”, canbe executed
over the RECORDLIST schemato return somesimple orderedinformation. The re-
sulting XML documentis shavn in Figure 3.4. Since RECORDLIST hasonly three
SHORT_PLAYs with SONGsin the 2™¢ position,thesethree SONGsarereturned.This
gueryis anexampleof a querybelongingto the singlestepclass whereeachorderpred-
icateonly refersto asinglestep.

TheuserXQuerystatemenQ2in Figure3.5is similarto Q1 exceptit hasa smallbut

importantvariation; Q2 doesnot grouplocally. Instead,Q2 “groups” over the root ele-

10



mentasdenotedy theparenthesialongtheXPath(($record/ SHORT _PLAY/SONQG)).
Giventhat$record is theroot, this requiresorderwith respecto theroot. QueryQ2 can
beinterpretedas”’Returnthefourth SONGof ALL the SHORT_PLAYs in the XML doc-
ument,r.xml.” The resultingXML documentis shavn in Figure 3.6. This queryis an
exampleof aquerybelongingto the multi-stepclass whereeachorderpredicataefersto

multiple steps.

<RESULT>
FOR $recordin document(’rxml”)
RETURN <RESULT>
<SONG>($record/SHOR_PLAY/SONG)[4]/text(k/SONG>  <SONG>We Are 138</SONG>
</RESULT> </RESULT>
Figure3.5: OrderSensitve XQuery Q2 Figure3.6: Resultof XQueryQ2

3.4 Default XML View

ThedefaultXML view (DXV) is thedirectinstantiationof therelationalbackendschema
anddatain XML format.A DXV is createdy restructuringheoriginal XML document
sothatit canbemappedn aoneto onemethodto therelationalbackendThisis accom-
plishedthroughvariousmethodsof mapping,asdiscussedn Chapter6. The example

shavnin AppendixD is createdby the Inline methodwith globalordering.

11



Chapter 4

Rainbow

4.1 SystemOverview

TheRainbav systemis acompleteXML datamanagemergystem.t canloadXML doc-
umentsinto relationaldatabasesXML Queriesareexecutedover therelationaldatabase
afteratranslationto the XML AlgebraTree(XAT) andthento SQL. Beforesuchquery
processinganbeenabledywe musttranslateahe XML schemanto therelationalschema,
andsecondlyloadthe XML datainto therelationalschemaMore detailson this loading
will bediscussedbelow. Detailedaccountf eachparticularloadingcanbefoundin [4].
The Rainbav systemarchitectureis shavn in Figure4.1. The systemis composed
of threemajor modulesanda relationalbackend.The first beingthe LoadingManager
This part of the systemis responsiblefor managingthe flexible loading of the XML
documentwith schemago therelationalbackend.The secondmajor components the
ExtractionManager This components essentiallythe reverseof the LoadingManager
It extractstheloadedinformationfrom therelationaldatabaseThefinal components the
XML QueryEngine.This components responsibldor creatingsystemspecificalgebra

treesfrom the user XQuery statementspptimizing thesetrees,and executingthemin

12



conjunctionwith the relationalbackend.For eachof the componentsprderplaysa key
role. Datais loadedwith order knowledge and extractedwith order knowledge. The

algebratreesarealsooptimizedwith orderspecificconsiderations.

- User
|

chema X
XQuery
Engine

| " |
Default Default
XML Schema XML View XQuery
gine

XML S

| L Data
\

Loading Manager

Extraction Manager

- Relational Engine =
XML
Repository

Figure4.1: TheRainbav SystemArchitecture

4.2 Order-sensitve Rainbow Modifications

For this thesiswork, | hadto updateseveral moduleswithin the optimizer and select
portionsof the overall Rainbav framework. First, view querieshadto be sggmentedto
becomeordersensitve, asshovn in Chapter6.8. Thenthe optimizerrequiredposition-
sensitve rewrite rulesto be createdasshavn in Section5.5. The SQL module,aspart
of theoptimizer, requiredordersensitve SQL generatiorcapabilitiesaswell. To accom-
plish this, metadatanformationthenneededo be storedwithin the RelationalEngine

(Section6.6).



4.3 Data Flow of the Order-Sensitve System

Thefirst stepin thenow upgradedRainbav systemis to loadthe XML documentwith its
schemanto thesystem.Thisis doneby choosingaparticularorderencodingnethod(the
explicit ordersensitve capturein a numericor alpha-numeridormat) anda datamodel
mappingmethod(the methodin which the XML documentwill be shreddedandstored
in the database)Both of thesemethodsarewrittenin XQuery Whenexecutedover the
original documentandschemaa Default XML View is created.This view canthenbe
directly loadedone-to-onento therelationalengine.After thedocumentasbeenloaded
into the RDB with explicit ordercapture,a metadataable mustbe createdthatcaptures
the explicit orderinformationof the loading. With this loading,a particularview query
mustbe createdo extractthe informationfrom the DXV for the creationof the original
documentagainwith orderpreseration. At this point, anordersensitve userquerycan
beissuedagainstheview. The queryenginewould memgetheview querywith the user
qguery This melgedqueryis translatednto analgebratreethatcanberewritten. Special
rewrite rulescanthenbe appliedto the ordersensitve portionsof thealgebra.Whenthe
treeis optimized,it will betranslatedo SQL statementsOrdersensitve portionsof the
algebraaretranslatedria specialbrdersensitve SQL TemplatesThis newly createdsQL
statements executedover the relationalengine which returnsthe resultingtuplesto the
Rainbav system.Rainbav thenexecutesary remainingqueryoperatorghatcouldnt be

translatedo SQL. Thisfinal ordersensitve XML resultwill bereturnedo the user
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Chapter 5

XML Algebra and Rewrite Rules

Thealgebrafor the Rainbav systemis calledXML AlgebraTree,or XAT [26]. An XAT
is madeup of algebranodesthatarein partbasecon XPERANTO [2] aswell asNiagara
[8]. Thesealgebranodesoperateover thedatamodelof thesystemthe XAT Tables.For
afull descriptionof the algebranodes,pleasereferto [26]. In this documentwe only
discussa subsetof algebranodes,namelythosethat are mostrelevantfor orderbased

gueries.

5.1 XAT Data Model

The XAT datamodel consistsof an ordersensitve table composedof ordersensitve
columnsandtupleswhereorderingamongthe tuplesis essential This tableis calledthe
XAT table. It is basedon the W3C’s XQuery 1.0 Formal Semanticswhereevery cell

valueof atuplein agivencolumncanconsistof:
e anatomicvalueor
e anode:anXML elementXML documenbran XML attributeor

¢ acollection:anorderedbagof itemsthatcontainsatomicvaluesor nodes.
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Eachcolumnhasa name. This nameis associatedvith a binding, which is either

createdexplicitly by theuserqueryor is atemporaryaluecreateddy the system.

5.2 XAT Binding Table

The XAT Binding hashtable containsall one-to-onemappingsfrom variablesto XML
elements whetherthey are usercreated,suchas $record,or systemcreated,such as
$col3. The bindingsare usedaskeys of the hash,whereeachkey’s valueis the XML
elements path or an aliasto anotherkey. For example,in Query Q1 $recordmapsto
“/RECORDLIST/SHOR _PLAY” and$col2to“/RECORDLIST/SHOR _PLAY/SONG”.
This hashtableis mostfrequentlyusedfor comparison®f variableswithin the rewrite

rule componenandwithin the SQL generatiorcomponent.

5.3 XAT Operators

Thefollowing sectionbriefly describeshe operatorghatwill be usedfor ordersensitve

computatiorpushdevn. A completedescriptionof eachoperatorcanbefoundin [26].

5.3.1 Select

The Selectoperatorhasthe samefunctionality asthe SQL selectionoperatorandis de-
notedby the o.(s) symbolset,wherec is anthe expressiorands is an XAT inputtable.
The Selectoperatorwill filter all tuplesfrom s basedon the condition of the selectex-

pressiong.
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5.3.2 Position Function

ThePositionoperatoiis afunctionoperatorof type position. Thefunctionoperatoiis also
usedfor aggreyatedike SUM, AVG, COUNT andotherfunctionsthat arederived from
SQLor arestrictly XML specific. Thepositionfunctionhasnotrue SQL equivalent. This
operatorcreatesa new columnin the XAT datatable that containsincrementalinteger

valuesthatencodeherelative orderamongthetuples.

5.3.3 GroupBy

The GroupByoperatoris very similar to its SQL equivalentandis denotedby the
Yeol[1..n] (8, 8¢) Symbol set, wherecol[1..n] arethe columnswithin the input table s to
groupover, andsgq is the subquerythatwill be executedon eachgroup.For all examples
in this paperthesubqueryor aGroupBynodewill beasimpleaggreationoperatorand
in mostinstancesit will specificallybethe Positionoperator

Whenthe subqueryof a GroupBynodeis a Positionfunction, the Positionfunction
will createnumeric order valuesfor eachgroup. For the Query Q1 example shovn
in Figure 5.1, thereare three SHORT_PLAY groups,with two SONGseach,the Po-
sition function in conjunctionwith the GroupBy nodewill createthe following values
(1,2,1,2,1,2). For the Query Q2 exampleasshawvn in Figure 5.2, the groupingwill
occurover therootelementreatingonly onegroup,andthe Positionfunctionwill corre-
spondinglycreatethe following values(1, 2, 3,4, 5, 6).

Whenthe subqueryof a GroupBynodeis an Aggregateoperatoy the aggreateoper

atorturnsall groupingtuplesinto onetuple.
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5.4 XAT Decorrelation

Whenan XAT (XML AlgebraTree)is first constructedit cancontainzeroor moreFOR
nodeswith eachFOR nodehaving two subqueriesA FORnodeis effectively aniterator
modelingthe semanticof the "FOR” statementn an XQuery FLWR expression. The
purposeof this nodeis “for eachitem returnedfrom the inner branch,executethe outer
branch: In orderto makethe systemmore efficient, we needto pushthis computation
down suchthattheinnerbranchis only executedonce.

Figures5.1and5.2 shav the XATs beforeto decorrelation.

col6
( T<resu|t> $co|5</resu|t>$ )

For $record

ecord $col5
( ¢R1,short_play$r ' ) <T<song> $col4</song> )
R1
S“r. xml”

Y $record

I
d) $c:o|2,text()$c0 4

Position()$co3
( ¢ :{;record,songg;COIZ )

Figure5.1: OrderSensitve XQuery Q1 asXAT TreebeforeDecorrelation

For the purposeof efficiency, upondecorrelationthe FOR nodeis removed andin
mostcasess replacedwith a seriesof GroupBy nodesand aggrgatenodes. In some
circumstanceshe FOR nodeis replacedwith a Left Outer Join node and a seriesof

brancheswith CartesiarProductnodes.For both casesjnsteadof executingeachFOR
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col6
( T<result> $col5</resu|t>$ )

For $record
I5
(T<song> $col4</song>$co )

14
¢ $col2,te><t()$cO
Position() o3

12

¢ $coll
$record,short_play

Figure5.2: OrderSensitve XQuery Q2 asXAT TreebeforeDecorrelation

branchpossiblymultiple times,the branchesre meigedandare executedonce,andthe
resultsareaggreatedor joined. Thenonly thedesiredcolumnsareprojectedout.

Whenfunction nodesaredecorrelatedthey becomea function of a GroupBynode,
and are groupedon the appropriateprevious FOR binding(s). An examplefor Q2 is
shown in Figure5.3. An exampleis not shavn for Q1, asthattreeis alreadygrouped
over $record. UpondecorrelationQuery Q1 would attemptto createanotherGroupBy
operatomoverthealreadypresentGroupByoperator SincebothGroupByoperatorsvould
begroupingover $record the outermosiGroupByis redundanandnot necessaryin this
example,theoutermosiGroupBywasnot generatedor thisreason.

A completedescriptionof decorrelationcanbe foundin [20]. Figures5.4 and5.5

shav the XATs afterdecorrelation.
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FOF $record

Position()$c!3

Position()$col3

Figure5.3: Decorrelatiorexamplewith queryQ2

col6
T<result> $col5</res‘.ult>$ j

(
e

col5
T<song> $col4</song>$ j

Y $record

¢ $cc\|2,text()$C0I4

¢ $col2
$record,song

¢ $record
$R1,short_play

Figure5.4: OrderSensitve XQuery Q1 asXAT Treeafter Decorrelation

Position()$c!3
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16
<T<result> $co|5</resu|t>$co )
$col5

<song> $col4</song>

¢ $c0l2,te><t()$C0I4

c$$col3=4

12

¢ $coll
$record,short_play

T

Position()$col3

Figure5.5: OrderSensitve XQuery Q2 asXAT TreeafterDecorrelation
5.5 XAT Rewrites

As with all algebrasthereare mary equialencerulesthat can simplify or vice versa
makea treemore complex. Ordersensitve pushdavn relieson a few key rules. These

rulesarebriefly explainedin thefollowing sections A full reportcanbefoundin [23, 25].

5.5.1 GroupBy/Function Replace

The mostimportantrewrite rule for ordersensitve queriesis the GroupBy/ Function
replacemenstratgy whichis oneof the contributionsof thiswork. Thisrule only applies
to Positionfunctionnodesor GroupBynodeswith a Position()nodesubquery It is only
executedduringthe SQL generatiorstep.Thatis, if SQLisn’'t generatedhen,thereis no
needfor suchareplacemenasshown laterin Chapter7.4.

Therearetwo casedor replacementBothrely onwherethePosition()nodeis located
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in thetreeasillustratedbelow.

5.5.2 SingleStepOrder Rewrite

Thefirst casdsthatof a SingleStepOrderreplacementDuringtheinitial treegeneration,
aPosition()Functionis createchestedvithin a GroupBynode asis naturalfor thealgebra
generatiorof asinglestepquery

This canbeseenn QueryQ1 by thefollowing containedXPath: $record/ SON G[2].
At this point, $record representsSHORT_PLAY, which becomeshe contet for the
SONGsto begroupedover.

In this casetheimmediatechild of the GroupBynodeis anavigatenode,demonstrat-
ing a needfor the singlesteporderreplacementThis will alwaysbethe casefor Single
Steporderqueries.In this case the GroupBynode,includingthe GroupBysubqueryis

replacedwith the SingleStepOrdemode. This rewrite is shavn in Figure5.6.

( SingleStepOrder g .., 4 *° )
Position()$i3

$col2
[0 $record,song$co|2 q ¢ $record,song

Figure5.6: Q1 XAT SegmentRewriting

5.5.3 Multi StepOrder Rewrite

The secondcaseis for Multi Step Order replacement. In the tree generationstep, a
GroupBy G1 is createdwith an Aggregatenode subquery A partial treeis shown in
Figure5.7. This GroupByG1 groupsthe entiredocumenbasecdn the XPATH of Query
Q2: ($record/ SHORT _PLAY/SONG). The parentof this GroupByis a Position()
Functionnode,asshavn by thenext XPATH of QUERY Q2:
($record/ SHORT _PLAY/SONQ@)|2].
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( MultiStepOrder g iy 53 )

$col2

Position()$col3

!

Agg
$col2 ¢ $coll,song

¢ $coll,song

Figure5.7: Q2 XAT SegmentRewriting

This is onestratgy in which a Multi Stepquerytreecanbe generatedThenduring
Decorrelationthe Position()Functionwill be nestednto a GroupBy G2. This creates
two GroupBynodesin parent—childocations. The GroupBy G2 will bereplaced.This
rewrite is demonstrateth Figure5.7.

Theotherinstancevherea Multi StepOrderreplacemenis necessaris whenthereis
only a Position()Function(not nestedwithin a GroupBynode)even after decorrelation.
In thisinstanceit is clearthatno hierarchicagroupingis necessargsis naturaffor Multi
Stepqueries.Hencethe Multi StepOrderrewrite is requiredfor thistree.

In both Multi Step Order rewrite cases,the GroupBy or Position() node and the
GroupBysubqueryif thenodeis a GroupBY is replacedwith the MultiStepOrdemode.

Parameterso thesenew functionsaretakenfrom the navigatechild (in thefirst case
of Multi StepOrder, G1's child) aswell asinformationgainedfrom the Metadatatable,

aswill bediscussedn Chaptel6.6.
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Chapter 6

XML DocumentlLoading

6.1 Relational Storage

Therearemary stratgiesfor mappingthe XML documenin Figure3.2to relations.The

resultof two examplemethodggivenin Figures6.5and6.6 areshavn in Section6.4.

6.2 Order Presewnation

The next threesectionsdescribea samplingof orderingmethods.Many moreareavail-
able, but the threeorderingmethodschosenshav the full rangeof orderencodings.A
guidelineon generalorderingsfollows the orderencodings.In [15], the following order
methodsarediscussedn full detail: local, global,andDewey order The full pathorder
describedn Section6.2.3is similar to the Dewey order but improved upon, asshovn
below.

[15] proved someinterestingfacts aboutorder types. Through experiments,they
shaved thatlocal orderis the bestmethodfor storagein situationswith heary updates

becausehe needto changemary ordervalueswill be smaller especiallyin instancef
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sparseordering.Sparseorderingwould leave gapsin betweereachordervaluewhile still
maintaininganascendingrder(i.e. 1, 4,7, ...). Only the ordervaluefor theimmediate
siblingswill needto be changed.

Other experimentsin [15] showved that global order is the bestmethodfor storage
whena heary queryload andlight updateload is expected.lt is betterthanlocal order
in thatit doesnt have to groupsiblingsbeforeordering(whereasfor the local ordering
method,eachsetof siblingsmustbe orderedthroughtheir parentgpositions.This would
recursvely continueall the way to the root). Hencethis reduceghe compleity of the
SQL querycreated.If a mediumlevel of updatess expected sparseorderingwould be

mosteffective.

6.2.1 Local Order

Local orderis kept throughsibling ordet The root will have a valueof 1, andits n
childrenwill have ordervaluesfrom 1 to nrespectrely andsoon. Theordernumbersare
not uniqueglobally but ratheronly uniquelocally with respecto siblingsregardlessof

elementnamesAn exampleis shaovn in Figure6.1.

Figure6.1: Local OrderEncoding:Sibling OrderTraversal

6.2.2 Global Order

Global orderrefersto globally uniquepositionvalues. They arederived by a postorder
traversalstratgy with avalueof "1” for theroot elementandall the othernodesordered

consecutrely basedon the ordervisited. The root’s left child will have the next value,
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andits left child will have the next value,while the bottommost,right mostelementwill

have the maximumvalue.An exampleis shovn in Figure6.2.

Figure6.2: GlobalOrderEncoding:Post-Ordefraversal

6.2.3 Full Path Order

A full pathorderis keptby combiningthe local sibling orderat eachlevel of the hier-
archyandconcatenatingheseinto one pathkey. This combinesthe conceptf sibling
orderaswell asuniqueglobal orderin an effort to maximizequery efficiengy for both
heary updateworkloadsandheary queryworkloads.An exampleis shovn in Figure6.3.
This could be simpleintegersseparatedby dots,which is how it is representedby [15].
Thereare pitfalls with the integerdot method,including creatingspecialOracle”order
by” operatorsinsteadof simply comparingintegers,the dottedintegersstringswould be
comparedagainsteachotherin ASCII order For this reason ASCII orderwouldn’t be
correctas1.2would comeafter1.10.

Anothermethodwould be to createlarge mostly zerofilled integer strings. Instead,
a lexicographicalmethodasshavn in [5] is utilized. This methodusessparseordering
regardlesof theworkloadandexploits ASCII alphanumericomparisonsBy doingthis,
it avoids having to createnew "order by” classesn SQL. Lexicographicalorderingalso
providesa stratgy for non-cascadingpdatesiueto its sibling andsparsé€numbering’

Forexample,if anew SONGis addednto thesecondositionof thefirst SHORT_PLAY
in Figure6.3,thenthenew treewouldresembld-igure6.4,whereSnis thenewly inserted

SONG.
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a.a.q aag aap a0z  aza azg azp azz

Figure6.3: Full PathOrderEncoding

a.a.a a.ag aap aau aaz

Figure6.4: Full PathOrderEncodingwith UpdateSn

6.3 Guidelinesfor Ordering Methods

In orderfor the Rainbav systemto properlyexecuteorderbasedjueriesthe ordervalue
loadingmustadhereo the following guidelines.First, all orderencodinganustbeloss-
less,suchthatall elementsvhich requireordervaluesaregiven ordervalues. Elements
whichrequireordervaluesarea) elementsith any numberof childrengreaterthanzero
andb) elementswith schemamodifiers,like * or +. Secondlyall ordervaluesmustbe
keptin ascendingrder suchthatthe naturalascendinglocumentrderis captured.Fi-

nally, thenumberingmustbeeithernumericor alphanumericsuchthatthey caneitherbe

completelycomparechumericallyor in ASCII order

6.4 Loading

Theproces®f loadingXML datainto arelationaldatabasenustpresereall orderrelated
aspect®f thedocument.Thereareafew factorsthatmustbekeptin mind. First,theorder

encodingbetweerthedirectchildrenof a parentnodemustbe kept.

Secondlyall sameypeelementsnustbestoredn theproperorder In theRECORDLIST
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documentthe SONGsmustbe storedsothatthey arein documenibrder Documentor-
derrefersto how the SONGsareimplicitly orderedwithin the document. For the first
SHORT_PLAY, "Cough/Cool’mustcomebefore”She”, wherein the caseof local order,
"Cough/Cool”would getan ordervalueof "1,” and”She” would getan order value of
noy

Finally, all siblings, similar or not, mustalsobe storedin the properorder For ex-
ample,in the RECORDLISTdocumentthe label elementmustcomebeforeary SONG
element.

Thereare mary waysto load a document. First, two ways that were usedin the
experimentakectionaredescribedelov. Secondlywe give adescriptionof how general

loadingsarehandled.

6.4.1 Inline Loading

Inline loadingstratey [7] is usedto keepthe numberof tablesin therelationalbackend
to aminimum. For this loading,mostchildren(onesthathave no subelementspor fewer
than4 subelementwith no subelementsf their own) of oneelementareloadedinto the
sametable. An exampleof thisinline loadingis shavn in Figure6.5.

Thetablein Figure 6.5 caneven be loadedmore compactly If it is known, by the
schemathattherearealways?2 or lessSONGs thesevaluescanbeinlined into themain
table. The SONGelementxanthenberelabeledSONG 1 andSONG 2 sothatorderis
presered. They arelabeledin sucha way asto presere the original documentorder;
mostimportantlyto indicatewhich SONGcamefirst andwhich SONGcamesecond.

If, for instancegachSONGin thedocumenhadsubchildrerof typelyrics_by, where
mary individualshadhelpedto contributeto the lyrics, the SONGelementcould not be
inlined into the basetable. This is becauséhe amountof columnsnecessaryvould be

unknown, andcouldin factvary for eachSONG.
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6.4.2 Edgeloading

The edgeloading stratgy [7] requiresthe fewesttables: one. This table will have 4
columnsonly. Thefirst columnis the SOURCEcolumn. This columnis equivalentto a
ParentlD column. The secondcolumnis the POSITIONcolumn. This columncontains
the explicitly createdpositioninformation. Thethird columnis the NAME column. This
columnstoresall XML tagelementvalueor attributetypevalues.For ourloadingwith the
RECORDLISTdocumentthis columnwould contain: (RECORDLIST SHORT _PLAY,
BAND, etc). Thefinal columnis theTARGET column. This columnsenestwo purposes.
First, it containsthe datavalueof ary tag elementor attribute datavalue. For instance,
in our loading it would contain: (Misfits, Blank, She,etc). The secondpurposeof this
columnis to containa referencebetweenelementsandtheir children. For our example,
thefirst elementRECORDLISTwould containthe value”1.0” in the TARGET column.
This information could then be usedto join with its child’s SOURCEcolumn values,
whereevery SHORT _PLAY SOURCEwouldequal’1.0.” Thefull exampleof thisloading
is shavnin Figure6.6.

This loadingis usefulfor mary reasonsFirst, the amountof redundantatais min-
imized, consideringthe only redundantlata(not including any stringswithin the XML
sourcewhich may be the same)is the SOURCEand TARGET join information. Thisis
normallyloadedasa smallsizedfloat. Sinceall thedatais storedin only onetable,when
updatesare applied,the actionis lessexpensve dueto only touchingonetable. This
mappingdoeshave a few dravbackshowever. The self joins that could be requiredto
recreatehe documentcanbe very expensve. Also theloadingis not asintuitive asthe

previousinline mapping which wasvery straight-forward.
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Tabl e recordli st

| abel _PCDATA
bl ank

Plan 9

Schi sm

Figure6.5: Relationallinlining Strateyy with Local Order

11D PI D ORDER
1 0 1
Tabl e short _pl ay
I1'D PID ORDER  band_PCDATA
2 1 1 Msfits
3 1 2 Msfits
4 1 3 Project X
Tabl e song
11D PID ORDER song_PCDATA
5 2 1 Cough/ Cool
6 2 2 She
7 3 1 Bul I et
8 3 2 W Are 138
9 4 1 SXE Revenge
10 4 2 Shut down
Tabl e EDGE
SOURCE POSITION  NAME
0.0 1.0 RECORDLI ST
1.0 2.0 SHORT_PLAY
2.0 3.0 BAND
2.0 4.0 LABEL
2.0 5.0 SONG
2.0 6.0 SONG
1.0 7.0 SHORT_PLAY
7.0 8.0 BAND
7.0 9.0 LABEL
7.0 10.0 SONG
7.0 11.0 SONG
1.0 12.0 SHORT_PLAY
12.0 13.0 BAND
12.0 14.0 LABEL
12.0 15.0 SONG
12.0 16.0 SONG

TARGET

1.0

2.0
Msfits

Bl ank

She

Cough/ Cool
7.0
Msfits
Plan 9

Bul | et

W Are 138
12.0
Project X
Schi sm
SXE Revenge
Shut down

Figure6.6: RelationalEdgesStrategy with Global Order
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6.5 GenerallLoading

For Rainbav to handleary loading,only onethingis required:themappingmustbe able
to createa non-recursre defaultXML view. We madethe assumptiorherethatall input
XML documentsarenon-recursre. Any loadingwith a defaultXML view thatadheres

to this canbe managedy the Rainbav system.

6.6 Metadata Table

Anotherpartof loadingis the creationof a metadatdablefor storingorderinformation.
Oneissueof thisis theloadingstrategy usedwhile a seconcrthogonalssueis the strat-
egy selectedor retainingorder This informationmustbe capturedso that orderbased
userqueriescanbeexecutedcorrectlyregardlesof how thedatais storedin therelational
schemaThisinformationwill bestoredin themetadataablefor eachXML SchemaThe
metadatdableis createdn parallelwith thedocumentoading.An examplemetadatda-

bleis shawvn in Table6.1.

[ XML PATH | DXV Order | OrderLoadingState | OrderContext [ AorN |
RECORDLIST RECORDLIST/RECORDLI$.ROW/POSITION fully preserved RECORDLIST/RECORDLI$.ROW/PID a
RECORDLIST/SHOR_PLAY SHORT_PLAY/SHORT_PLAY.ROW/POSITION fully preserved SHORT_PLAY/SHORT_PLAY.ROW/PID a
RECORDLIST/SHOR_PLAY/BAND SHORT_PLAY/SHORT_PLAY.ROW/POSITION fully preserved SHORT_PLAY/SHORT_PLAY.ROW/PID a
RECORDLIST/SHOR_PLAY/LABEL SHORT_PLAY/SHORT_PLAY.ROW/POSITION fully preserved SHORT_PLAY/SHORT_PLAY.ROW/PID a
RECORDLIST/SHOR_PLAY/SONG SONG/SONG.RW/POSITION fully preserved SONG/SONG.RW/PID a

Table6.1: OrderBased\Vietadatalrablefor the Inlined RecordlistDocument

In Figure 6.1, the first columnof the tablewill storethe XML Path of all the XML

elementsf theoriginal documentFor our example,thefull XML pathis storedfor each

element:(RECORDLIST SHORT_PLAY, BAND, etc)as(RECORDLIST

RECORDLIST/SHOR_PLAY, RECORDLIST/SHOR_PLAY/BAND, etc).

The secondcolumnwill storethe defaultxml view (DXV) elementpathof therela-

tional columnthatstoresthe selecterderencodingvalues.
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The third columnwill storethe orderingstatein which the documentwasordered.
This canbe oneof two values. In the exampletableabore, the valuefor eachelement
is “fully presered”. This meansthatthe documentwill only requireone single order
encodingvalueto recreatethe documentin its entirety A value of “context required”
would be for ary otherorderencodingsthat cannotfully presere the documentorder
with onevalue. This holdsfor the caseof Local Order

The fourth columnwill containall orderingcontet elementswhich in somecases
could be morethanoneitem. For the caseof multiple elementsthe elementswill be
storedasastring,delimitedby the’:’ characterThisitemwill beespeciallynecessarfor
thegroupingof elementsn orderto achieve the correcttupleoutputduringthesinglestep
order SQL generatiorphasedescribedoelon. This columnmay be requiredfor certain
multi stepqueriesdependingon the particularXPATH with multi stepinformationin it.
In our multi stepexample,this pathincludestheroot. Hencethereis no needto usethis
column’sinformationfor grouping.

For example,the fourth columnwill containmultiple itemsfor alocal orderloading.
This caserequiresthat eachelementbe properly nestedby joining on parentIDs and
orderingover eachhierarchicalevel of thedocument.

The final columnindicateswhetherthe ordervaluesare numericor alphanumeric.
If the ordervalueis numeric,a”N” valuewill be present. An "A” will be presentfor
alphanumeriordervalues.

Themetadataableshovn in Figure6.1is designedor aninlined tablemappingwith
full pathorderingschemeTheinline mappingcanbeseenby the secondcolumnsuseof
two tables(onefor SONGsandonefor the otherelements)thefull pathis indicatedby
thethird column,”fully presered”, andthefinal columnis setto "a” for alphanumeric.

At thistime, thistableis creatednanuallyfor eachXML Schemandloading,though

conceptuallyit would be possibleto automatehis step.
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6.7 Query Composition

In the system the userqueryis not in itself sufficient to producethe result(unlessthe
userhasa Databasédministratorsknowledgeof thesystemandloadingmethodaused),
asall theinformationis storedin arelationaldatabase@ndnotin an XML document.In
orderto executea userquery properly over the relationalbackendthe userquery and
theview querymustbe memged. View queriesarediscussedn Chapter6.8. The useris
assuminghequeryis overtheoriginal XML documentputthisdocuments notavailable.
Insteadthe view queryvirtually createghis document.Therearetwo possiblestratgies
to accomplishthis. First, executethe view query createa temporaryXML document,
andthenfinally executetheuserquery A bettermethodwhich doesnt utilize atwo step
executionproceduraequireshe userqueryto be memgedwith theview query With this
method,no materializedview of the documentneedsto be dynamicallycreatedwhich

improvesthe systems performance.

6.8 View Queries

In orderto properlyexecutean ordered-basedueryover an XML view, thatview must
be created(or seeminglycreated)from the relationaldatabasenformation and sorted
appropriatelybasedon the explicitly capturedXML documentrder, makingthe order
sensitve knowledgeimplicit onceagain. With this knowledge,the XML documentcan
bereconstructed.

Insteadof reconstructinghe documenthowever, the view queryis translatednto a
XAT treeandmemgedwith theuserquery asdescribedn Chapter6.7. After thetwo have
beencomposedthetreecanbesimplifiedandoptimizedby therewrite equivalencerules.

A generalview queryexistsfor eachtype of loadingdiscussedn [4]. However, these

gueriesarecurrentlytoo complex for thefirst prototypeversionof the Rainbav system,
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<RECORDLIST>
FOR $playMapin DXV()/SHORT_PLAY/SHORT _PLAY.ROW
RETURN
<SHORT_PLAY pos=$playMagPOSITION/text(}>
FOR$SONGMapn DXV()/SONG/SONG.RWI[PID/text() = $playMap/IID/text()]
RETURN
<SONGpos=$SONGMap/POSITION/textf)
$SONGMap/SONGPCDATA/text()
</SONG>
SORIBY (./@posASCENDING)
</SHORT_PLAY >
SORIBY(./@pos)
</RECORDLIST

Figure6.7: View (Extraction)Queryfor Q1 (Figure3.3) with Inline Strategy

asthey requireasof now unimplementedunctionsaswell asrecursion.For this reason,
guerieswith schem&nowledge calledinstantiatedjueries areusedin our currenteffort.
Instantiatedriew queriesarepartially pre-optimizedquerieswith scheméanowledge.
Thesequeriesaregenerallymorecompactanddonotrequirerecursve calls. TheXQuery
shawvn in Figure 6.7 is an exampleof aninstantiatedview query This querywould re-
trieve every SONG of eachSHORT_PLAY from the defaultxml view (DXV) shown in
AppendixD. It wouldthencorrectlyorderandnestthe elementssothatthe queryresult
resembleghe original XML document(without the BAND or LABEL elementswhich

areunnecessarfor bothQlandQ?2).
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Chapter 7

Order-basedMethodology

Themainpurposdor algebrarewritesis to pushthe SQL-executablecomputationglown
to the SQL engine while all XML specificnodesremainat thetop of thetree.All SQL-
executablenodesshouldbe pusheddown asfar aspossiblein orderto be translatedo
SQL statements.SQL-executableoperatorsare operatorswith clear SQL equvalents;
XML selectbecomesSQL whereoperatoy XML SortbybecomesSQL "Order By” and
soforth. This processds further complicatedwhenthe ordersensitve queryis meiged
with the view query creatinga largerandmorecomplex query To makethis composed
gueryefficient, all SQL-executablenodesneedto pusheddown asfar aspossible.These
SQL-executablenodescanthen be translatedto SQL and executedover the relational

backend.

7.1 The Order-Sensitve XQuery

Whenatree,asshavnin Figure5.1,is foundto have a GroupBy/Positiomode thisnode
canbeswappedutandreplacedvith aspecialordersensitve nodebasednthelocation

of the original GroupBy/Positiomodeandits childrenasdiscussedn Sectionss.5.2and
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5.5.8.

7.2 Position Operator Replace

After the GroupBy/Positioroperatorhasbeenfound and removed, the appropriateor-
dernode,beit SingleStepOrdeor MultiStepOrdey will be insertedin the placeof the
original GroupBy/Positionas shavn in Figures5.6 and5.7. The parameterdrom the
original GroupBy/Positioroperatorsarenot lost. They arekeptasthe parameterso the
SingleStepOrdenr MultiStepOrderfunction. The otherparameterso this nev nodewill

now bedeterminedasdiscussedbelow.

7.3 Metadata Table Query

An SQL statemenwill becreatedo queryoverthe metadatdableaspartof the Position

Operatorrewrite. This statemenwill thenqueryover the metadatardertableby select-
ing thematchingXML Pathfrom theimmediatechild Navigateoperatoyasthis operator
is the onein which we wantto captureorderinformation. The DXV orderelementpath

is thenprojectedfrom the metadatdable,alongwith the restof the tuple. The metadata
qgueryfor Q1lis shawvn in Figure7.1.

selectDXV _ORDER
from RECORDLISTMETADATA
whereXML _PATH = “RECORDLIST/SHOR _PLAY/SONG”

Figure7.1: MetdataQueryfor Q1

The nodeis now completewith the newly producedparameterandthe parameters
from the original GroupBy/Positiomode. The treeis then passedo the SQL genera-
tion componentsdiscussedn Chapter8. A rewritten exampleof eachordersensitve

optimizedusertreeis shavn in Figures7.2and7.3.
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7.4 Main Memory Position Execution

Theremay be casesvhereSQL generations not desired particularlyif the datais not

storedin arelationalengine.This canoccurwhentheoriginal XML documenis stored
locally or in a native XML documentepository For sucha case the GroupBy/Position
operatorshouldnotbeswappedautor pushedlowvnto SQL generationbut insteadshould
be executedusingour native XML queryprocessingstratgy. This executionis straight-
forward. The positionoperatorcreatesa new columnin the datamodel,is groupedap-

propriately andthenthe XAT tablecellsarefilled in with theappropriateorderedvalues

ascreatedy the Positionoperator
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Chapter 8

Order-basedTemplate Heuristics

SQL generationis an incrementalprocessdriven by bottomup tree traversal. As one
operatoris visited, an appropriateSQL statemenfragmentis created. The Navigate,
Selectandother SQL-executablenodesareall translatedo SQL. SQL-executableXAT
nodesarethosewhich have equivalentSQL operators.For the mostpart, thisis a direct
translationof operatorso SQL statements.However, when orderis of interest,other
orderspecificpiecesnustbeaddedo theSQL statementFinally, whenthetreetraverser
reache@noperatothatcannotbeexecutedn SQL,thetraverserstopsandcreatesa SQL
Statemenbperator

To createtheorderspecificpiecesof the SQL query atemplates used.Thegrammar
for the ordersensitve SQL templateis shavn in Figure8.1. This grammaradherego
Oracles”ordered”querylingua. Othertemplatesvould needto be createdo cover other

proprietaryDBMS thathandlesimilar orderbasedstatements.
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TEMPLATE:

SELECT<ELEMENT>,+ row_number()over
(<PARTITION>? < ORDERBY>) $positionfunctionbinding
FROM <TABLE>+

PARTITION:
partitionby <ELEMENT>

ORDERBY
orderby < TONUMBER> |<ELEMENT>

TONUMBER:
to_number ELEMENT>)

TABLE:
tablename| TEMPLATE

ELEMENT:
elementname

Figure8.1: SQL Grammairfor OrderSensitve Queries
8.1 Order-Sensitve SQL grammar

The templateis basedupon 6 rules, which are eachfairly simple. The following tem-
plateis baseduponOracles SQL rules, but othertemplatesanbe createdor otherDB
specificSQL versions. The itemsthat are specialto Oracleare the analyticalfunction
row_number() (Which createsnteger valuesin the samefashionas the XAT position
function), over method(which tells the analyticalfunction what valuesto work with),
andthe partitionby phrasgwhich createggroupsor partitionsbasedon theelementit is
given).

The key grammarrule is the TEMPLATE rule. Thisrule is the key root rule for all
the otherelements.Algebratreeswill fill out the templatein specificways,depending
ontheordersensitve specificoperatoywhetherit is SingleStepOrdeor MultiStepOrder
andthe parameter$or this operator

The key rule to denotethis differenceis capturedoy the <PARTITION >? rule. Not
all queriesrequirepartitioninginformation, hencethe'?’ at the endof the rule within

the TEMPLATE rule. More specifically relationaltablesthat areencodedwith a "fully
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presered” orderschemadlo not needpartitioningwith multi stepquerieswhereasnulti
stepquerieswith a "context needed’parametemwill requirenestedpartitioning. Single
step queriesare similar, exceptthey alwaysrequire partitioning. In the instanceof a
"context needed’parameterSinglestepqueriesvould alsorequirenestedpartitioning.
The$position_function_binding isthebindingfrom thealgebraree. For eachof our
examples,the $position_function_binding is $col3. This binding is thenconstrained
outsideof the templatewithin the WHERE clauseof the remainingSQL query For

example$col3 = 2. A completeexampleis shavn in Section8.2in Figure8.2.

8.2 Template Completion

During the SQL generatiorphase the templatewill befilled in. Somesectionswill be
filled in basedmostly on the metadataable information. The newv orderbasedquery
nodecontainsvaluableinformationessentiafor thefilling of thetemplate We now walk

throughthe exampleof Q1 for a completeexplanation.

[ XML PATH | DXV Order | OrderLoadingState | OrderContext | AorN |
| RECORDLIST/SHOR_PLAY/SONG | SONG/SONG.R)W/POSITION| fully preserved | SONG/SONG.RW/PID | A |

Table8.1: Condense®rderBasedVietadatarablefor the Inlined RecordlistDocument

Therow showvn in Figure 8.1 is the onethat matcheghe metadatagueryfor Q1 as
shavn in Figure7.1. From the “Order Loading State” column, we canseethatthe in-
formationwasloadedwith a fully preseredorder This indicatesto the templatethat
thereis no needto partition over ary context to producethe correctorder of the result.
However, sincethe queryQ1lis a singlestepquery thereis still a needto partition over
the ParentIDs in orderto geteach2® SONG.The“AorN” columnshaws thatthe order
valuesare alphanumericso thereis no needto usethe TO_.NUMBER() function. We
alsoknow from theDXV Ordercolumnwherethe SONGordercolumnis. With this raw

information,thetemplateconstructions nearingcompletion.
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Thefirst stepfor templatecompletionis to taketheraw stringsderivedfrom themeta-
datatable,andput themin an appropriateSQL executableformat. This taskis simple.
Sincethe DXV storeseachof the elementsn thefollowing format:

"TABLE _NAME/TABLE _NAME.ROW/ELEMENT,
thetransformations fairly simple.By creatingareverselookupwithin the Binding Hash
table,we canusethe XML pathto returna$binding. Thenwithin the SQL generatiorpor-
tion, thereis alocalhashstructurehatmapseachbindingto its'RDB equialent, suchas
$col2— > "$song” . POSITION, where$col2 is thebindingand”’$song”. POSITION
isthe’RDB equialent. This’'RDB equvalent’is thedesiredSQL executablgormat. Fi-
nally, we addeach’RDB equvalent’ to its appropriatdocationwithin the template,as
shavn in Figure8.2. The doublequotesaroundthe variablesarerequired.In Oracle,the

$ symbolis aresenedsymbol.

row_number()over(
partionby "$song”.PID
orderby "$song”.POSITION
) $col4

Figure8.2: The Templatefor our ExampleFilled

Oncethetemplateis complete the restof the SQL generatiorstepscontinue. SQL
generatiorwill continueto consumenodesandcreatemore SQL fragments.Thetagger
andaggreyateoperatordiowever, arenotcorvertedinto SQL, asthey have no SQL equi-
alents. Thesetwo nodes,aswell asa few others,mustbe executedwithin the Rainbav
engineproper

Whenthe SQL generatiorstephasfinished,a new nodeis createdn thetree,a SQL
Stmtnode. The nodesthat wereusedto createthe SQL statemenandtemplatewill be
deletedfrom thetreeandreplacedoy the SQL Stmtnode,which is simply onenodethat
containsanSQL string, preparedor execution.An exampleof Q1 in thefinalizedformat

is shavnin Figure8.3.
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$col6
T<result> $col5</result>

$col5
<song> $col4</song>

T

S QL $col4
SELECT “$col4”
FROM (
SELECT “s1”.PCDATA as “$col4”, row_number() over
(partition by “s1”.PID
order by “s1”.POSITION) “$col3”
FROM songs “s1”

)
WHERE “$col3” = 2

Figure8.3: QueryQ1from Figure7.2 afterSQL Generation

If the querywasinsteada multi stepquery asin Q2,thetemplateandresultingSQL
statementwouldlook differently, aswould thetree.In themulti stepcase no partitioning
wouldberequired(asshonvn by thealgebrareein Figure7.3). Thequeryis attemptingo
find the”global” 2*¢ SONGsono groupingis required.Henceno partitioninginformation
is requiredeither The orderby informationis still required,asis the row_number and

over method.This exampleis shovn in Figure8.4.

$col6
<T<result> $col5</result>

T $col5

<song> $col4</song>

SQL:
SELECT “$col4” $ookt
FROM (
SELECT “s1”.PCDATA as “$col4”, row_number() over
(order by “s1”.POSITION) “$col3"
FROM songs “s1”

)
WHERE “$col3” = 4

Figure8.4: QueryQ2from Figure7.3 afterSQL Generation
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8.3 General Template Discussion

In the previous section,we want to point out that our proceduredoesnot rely on ary

hard-codedjuerystatements$or specificloadingsor specificmappings.The systemwas
designedo begeneralto handlealargerangeof loadingsor orderencodingshatcomply
with the previously discussedjuidelinesfrom Sections.5and6.3. In fact, thereis only

a small differencebetweenthe Query Q1 whendesignedor aninlined loading versus
an edgeloading. The SQL statemenfor Q1 queryover an inline loadingis shavn in

Figure8.5,while the examplewith anedgeloadingis shavn in Figure8.6. Thesimilarity

confirmsthe generahatureof our solution.

SELECT"$col2”

FROM ( SELECT"s1".PCDATA as"$col2”, ROW_NUMBER() OVER
(PARTITION BY "s1”.PID
ORDERBY "s1".POSITION)"$col3"
FROM SONG”s1”

)
WHERE"$col3" = 2

Figure8.5: QueryQ1 overaninline Loadingwith AlphanumericOrder

SELECT"$col2”
FROM ( SELECT"s1".TARGET as"$col2”, ROW_NUMBER() OVER
(PARTITION BY "s1”.SOURCE
ORDERBY "s1”.POSITION)"$col3"
FROM SONG”s1”
WHERE"s1".NAME="song"

)
WHERE"$col3" = 2

Figure8.6: QueryQ1 overan EdgeLoadingwith AlphanumericOrder
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Chapter 9

Implementation

TheRainbav systemis implementedvith JavaJDK 1.2,JDBCandOracle8i. The major
softwareengineeringcontrol behindthe systemis the visitor pattern. This allows pieces
to be removed or replacedwithout the entire codeneedingto be updated. Considering
thereare over 300 files that combinedareover 1.2 M in size, this is a very cornvenient
pattern.

Orderandorderbasedjueriesarea subsebf the system.To properlyprocessandex-
ecute,| hadto updatemary componentsthoughthe mostordersensitve work wentinto
therewrite rules,SQL generationandvariousfunctions,suchasSINGLESTEPORDER,
MULTISTEPORDERandTRIM. Thecombinedotalfor all of thesemethodsandclasses
thatl’ ve addeds morethan1200linesof code.

For the rewrite rules,a new classwasadded,”RewritePositionRules.To this class,
three methodswere added. Following the visitor patternwith two parametersa visit
methodwasaddedfor eachof the singlesteppndmultistepconfigurationsGroupByand
Navigate — SingleStep;GroupBy and GroupBy — MultiStep; Positionand Navigate —
MultiStep.

Eachof thesemethodsmustthen communicatewith the metadataablein orderto
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getthe appropriatanformationfor the newly constructedrdersensitve node. This re-
quireda JDBC connectiorto an Oracle8.1.7or higherbackendnotthe 8.1.5versionof
Oracle. The 8.1.5versiondid not have someof the appropriatefunctions,in particular
row_number().

For SQL generation,a methodcalled getStatement(Jvas addedin orderto allow
for SingleStendMultiSteptemplatecreations.This methodreadsragmentf queries
andtranslateshemto SQL. | updatedhiscodesothatit couldtranslatdo theappropriate
ordersensitve query

Functionswere also addedto the Rainbav Engine. First functionsfor both Sin-
gleStepOrdeand MultiStepOrderwere added. Thesefunctionsare currently stubsbe-
causeaasdiscussedbefore,they shouldnever be executedin native. Later, functionswere
alsoaddedfor basicXQuery commandssuchasTRIM. Also a functionwascreatedo
producethe Lexicographicakey valuesusedin thefull pathordertype.

In general,mary thingsneededo maintainedand updatedthroughoutthe Rainbav
system.As a seniormemberof the Rainbav Coreteam,my main focuswaswithin the
Decorrelationrcomponentl alsoworkedon fixing bugsin every sectorof the code,from
the Binding HashTable,to Expressionsto the Executioncomponentwheremary bugs
werefixed. Many weeksandmonthswerespenttesting,fixing andtestingagain.

Decorrelatiorrequiredthe mostinitial effort. The original designfor this component
wastoo incompletein thatit wasmissingcasesandsomeof the casest coveredwere
incorrect. | updatedit sothatit would effectively work with the new caseddiscovered,
andthe previouscaseshatwereincorrect.Lateron,thegroupleademrevisedall thecases
andredidit onceagain.At this point, the decorrelatiorcomponents stable.

The Executioncomponenhadmary small bugsthatneededo be workedout. The
mostfrustratingsetof thesebugswasin the GroupByoperator The major problemwas

tricky, in thatit would groupthefirst itemsproperly but every setof itemsfollowing that
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werenotgrouped.It turnsoutthatthe original designeiof thecodewascomparingevery
item to the first item insteadof incrementingthe comparisontem. With thatfixed, the
GroupByoperatomworkedasintended.

TheExpressiorpackagénada problemrelatedto thecomparisorof orderelementsas
describeckarlier At acertainpoint, all valuesweregettingcomparedn ASCII order, re-
gardlesf if they werestringsor numbers.Thiswasresolhedby changinghe cascading
classcastexceptioncatchingto oneof creatingnew valuespecificobjectsandcascading
the catchingof numberformatexceptions.Thecomparisonsiow work asdesigned.

Oneotherproblemwith theExpressiorpackagevasthecallbacksreatedn SQLgen-
eration.During SQL generationwhenanexpressiorwasneededn aWHEREclausethe
SQL generatiorpackagenvould call backto the Expressiorpackageor expressionSQL
phrasing.Within this callbacktherewasa Binding HashTablelookup for the particular
terminalpartsof the expression However, whenthe Binding Hashtablecodeupdatedjt
nolongerkeptthebindingsof elementsn ExpressionsThereforewhenthecallbackwas
executedin SQL, the Binding Hashtablewascalledupon,anda null pointerexception
wasthrown sincethe terminaldid not exist within the Hash. | fixedthis by changingthe
methodin which the callbackwasexecuted.Now it no longerrequiresinformationfrom
theHash,andit cancreatetheterminalcolumnby itself.

Beyondthe Jara coding,with the XQuerylanguageb loadingquerieswveredesigned
aswell as2 view queries. The loadingquerieswere basedon work doneby [4]. More

thanlO0testquerieswerecreatedwvith XQuery.

9.1 SQL Generation

The implementationof SQL generatioravailableinitially in Rainbav wasrathernawe.

The generationis anincrementaprocess.As the traversergoesfrom the bottomsource
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nodesto the uppertaggernodes,eachoperatoris consumed.The semantianformation
from eachoperatoris thenputinto a systemof flat structures.Theflat structuresonsist
of vectors,onefor eachpieceof requiredSQL: SELECT FROM, WHERE, HAVING,
ORDERBY, GROUPBY, DISTINCT and FUNCTION. Oncea taggernodeis reached,
eachvectoris unrolledto createone SQL statementThis processioweverlosesvaluable
hierarchyinformationaboutthe query mostimportantlywhento join tablesandwhento
applyselectionoperators.

The examplesusedthroughouthis paperexecuteproperlyandcreatethe appropriate
resultswith theinitial nave generatiorprocessThisis dueto thefactthatall thequeries
wantleaf-mostelementsanddo not queryaboutsiblingslike BAND and SONGin the
samequery If querieswereexecutedthataskedfor samenestedsiblings,inappropriate
joinswould becreated.

As an example, considera new query Q3, asshowvn in Figure 9.1. This queryis

looking for all the SONGsof the 2" SHORT_PLAY. Theresultof this queryis shovn in

Figure9.2.
<RESUIT>
<RESUIT>
: S <SONG>Bullet</SONG>
FOR$recordin document("rxml”)/SHORT_PLAY[2]/SONG <SONG>We Are 138</SONG>
RETURN </RESUIT>
<SONG>$record/text(X/SONG>
</RESUIT>

Figure 9.2: XML Document Result of
Figure9.1: OrderSensitve XQueryQ3 XQueryQ3

Whenthis queryis executedwithin the nave SQL generatiorover an Inlined Global
loading,anincorrectSQL statements createddueto thisflat structuresystem.The SQL
statements shovn in Figure9.3.

This statements incorrectbecauseéhe SHORT_PLAY andSONGtablesaremeiged
too soon. Whenthesetablesare mergedon PID andIID valuesandthenordered,each

27 row_number()will now referto 2@ SONGsinsteadof 2*¢ SHORT_PLAYs. The
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sel ect songpc, num
from(
sel ect short_play.iid as shid
song. pid as spid
song. POSI TI ON as spos,
song. SONG_PCDATA as songpc,
row_nunber () over

partition by short_play.pid
order by to_nunber(short_play. position)
) num

from short_play, song

where short_play.iid = song. pid
)
where num = 2
ORDER BY spos

Figure9.3: Q3 IncorrectSQL Statementor Inline GlobalLoading

appropriateSQL statements shavn in Figure9.4.

sel ect song. SONG_PCDATA
from (
sel ect shid
from (
sel ect short_play.iid as shid, row_ nunber() over
(
partition by short_play.pid
order by to_nunber(short_play. position)
) num
from short _pl ay
)
where num= 2
), song
where shid = song. pid
ORDER BY song. POSI TI ON

Figure9.4: Q3 CorrectSQL Statementor Inline GlobalLoading

The statemenin Figure9.4 joins properly It first createghe groupsover

SHORT_PLAYS, ordersappropriatelyandthenfindsthe2"? SHORT _PLAY. At this point,

thejoin is createdvith SONGs with theappropriateconditions.This SQL statementhen

produceghecorrectresult. This statementaptureghehierarchicainformationfrom the

treethatwaslostin theflat structurequery

In short, if SQL statementsvere generatedn a true incrementalfashionwith one

operatorfor every createdportion of an SQL statementthe final SQL statementsvould
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be correct. The currentimplementatiorcanbe extendedsuchthatthe flat structuresare
reusedwherecommonnodescancreateSQL statementhunksthatcanbe joined prop-
erly togetheito form thefinal SQL statementTheflat structurexouldbeusedfor groups
of operatorsput whenan operatoris reachedhat could causea differentnesting,such
asajoin, theflat structuresvould createtheir pieceof SQL andnestit properlywith the

otherSQL statementhunks.
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Chapter 10

Experiments

10.1 SystemSetup

Thechartsin the experimentalsectionarebasedn experimentsun on a Windows 2000
machinewith a 1.2 Gig processofand 512 Megs of RAM. The experimentswere run
duringtimesof minor procesdoad.

The dataloadedwas generatedy a randomXML datagenerationscript. Thirteen
documentsvere createdthatall comply to the schemashownn in AppendixC. Thefirst
documentas100 SHORT _PLAY elementsyith 600total SONGelementsThe second
documenthas200SHORT_PLAY elementswherethefirst 100elementsarethe sameas
thefirst document.This seconddocumenhas1200SONGelementswherethefirst 600
arealsothe sameasthe first document.This generatiorof documentsontinuedto the
thirteenthdocumentvhich has1300SHORT _PLAY elementsand7800SONGelements.
Of these7800songelementsthereare650distinctsongtitles. Theselectvity of thesong
distributionis random.

Two loadingmethodswere used,the inline loadingandthe edgeloading. For each

loading,two differentorderencodingsvereused:globalandlocal. This givesfour total
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testcases.

Thequeriesexecutedfor theexperimentsareQl andQ2,asshavn in Figures3.3and
3.5respectrely. Eachquerywasexecutedover the describedabore loadingstentimes.
Theresultof thesetentestswereaveragedor thefinal result.

TheY axisof eachchartis time in ms. For thefirst setof chartsthe X axis displays
how mary SHORT_PLAYs were loaded. The final four chartsvary the selectvity of
the amountof SONGsreturnedby the query This wasdoneby creatingqueriesalmost
identicalto Q1 andQ2, but insteadof usingthe binary operator=, the operator<= was
used.For instancefor Q1,thefirst barin thechartrepresentsll SONGSof position<=

1,0r 1300SONGs.

10.2 Experimental Evaluation

10.2.1 Single StepQuery Experiments

|| @SQL Stmt Execution W Total Execution

SHORT_PLAY Elements

Table10.1: QueryQ1 Executedwith GlobalEdgeLoading
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|/@SQL Stmt Execution B Total Execution

SHORT_PLAY Elements

Table10.2: QueryQ1 Executedwith Local EdgeLoading

Tables10.1and10.2shav comparisondetweenSQL statemenexecutionandtotal
executiontimesmeasuredn msfor QueryQ1 asexecutedover GlobalandLocal Edge
loadedtablesrespectiely. The X axis displaysthe amountof SHORT_PLAY elements
loaded.For 100SHORT _PLAY elementsamajority of thetotal executiontimeis theSQL
statemenexecuting,whichincludestheOracleconnection By the 13" test,however, the
SQL statemengxecutionis almostlessthana third of thetotal executionfor bothtables,
despitethe factthatthereareonly threeother XAT operatordo execute,asshaovn in the
algebratree of Figure 8.3. At the mostfor Local and Global loading, the time is only
4000ms,with thelocal loadingoutperformingglobal.

Tables10.3and10.4shav comparisondetweenSQL statemenexecutionandtotal
executionmeasuredn msfor QueryQ1 asexecutedover GlobalandLocal Inline loaded
tables. Thesetablesshowv similar resultsasthe Q1 Edgetablesfor SQL statemenex-
ecutiontimes. The inline tableshowever have overall lower timesfor all tests. This is
dueto thedifferentshredding.Insteadof creatingself joins over onegigantictable,this

methodjoins severalsmallertablestogether While Table10.1shavsthe 13 testrunning
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| |@SQL Stmt Execution W Total Execution

SHORT_PLAY Elements

Table10.3: QueryQ1 Executedwith Globallnline Loading

@ SQL Stmt Execution B Total Execution

P S P .S PSS S
S S S SR SR S M SR RN SR

SHORT_PLAY Elements

Table10.4: QueryQ1 Executedwith Local Inline Loading
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over 1300ms, Table 10.3shaws a smallertime of 1050ms, which is almosta negligible
differencebut still important. The local loadingsare similar with timesof 1600 ms for
the Edgetable,and1050msfor the Inline table,which is a greaterdifferenceandshaws
the potentialof the inline loadingbetter The overall executiontimesarestill 3-4 times

greaterthanthe SQL statemenexecutiontimes,for only threeXAT operators.

10.2.2 Multi StepQuery Experiments

500 ~
400 -
300 -
200
100 H

j @ SQL Stmt Execution W Total Execution

Time (ms)

100 200 300 400 500 600 700 800 900 1000 1100 1200 1300
SHORT_PLAY Hements

Table10.5: QueryQ2 Executedwith Globallnline Loading

Tables10.5and10.6alsocompareSQL statemenéexecutionandoverall executionas
measuredn ms. Thesetablesshav a differentpicturethanthe Single Stepcharts. This
is dueto thefactthatthe Q2 queryonly returnsl tuple,regardlesof the amountof data
in thebasetables. The SQL statemenexecutiontimesincreaseo almost350 msat their

highestpoints.
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@ SQL Stmt Execution B Total Execution

N

S S P . .S P S .S
S S S S S U S I M IR IR

SHORT_PLAY Elements

Table10.6: QueryQ2 Executedwith Local Inline Loading

60000
50000 -+

40000 L @ SQL Stmt Execution B Total Execution
30000
£ 20000 J
10000 J
0 RE== J ‘
1 2 3 4 5 6

Selectivity Per SHORT_PLAY

Time (ms)

Table10.7: QueryQ1 with Selectvity Executedwith GlobalEdgelLoading
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50000
| @ SQL Stmt Execution B Total Execution

Time (ms)

1 2 3 4 5 6
Selectivity Per SHORT_PLAY

Table10.8: QueryQ1 with Selectvity Executedwith Globallnline Loading

10.3 Experimentswith Varying Selectvity

10.3.1 Single StepQuery Experiments

Tables10.7 and 10.8 have different X-axis valuesthan the previous tables. Theseta-
blesshowv selectvity of the datareturnedby the query changingover time (on the X-

axis). Thesequerieswereexecutedover a staticdatabasevith a fixed datasizeof 1300
SHORT_PLAYs. Tables10.7and10.8shav QueryQ1 asexecutedover GlobalEdgeand
Inline loadedtables.Thesequeriesno longerusethe binary expression=, but ratheruse
<=. For thisreasonthetablesappearo be skaved,in thatthe slopesdo not follow the
trendof the previoustables. Theseslopesareappropriateahough. For thefirst bar, there
are 1300 SONGsreturned,for the secondbar thereare 2600 SONGsreturnedand so
forth. By thelastbar, 7800SONGsarereturned.The computatiorpushednto the SQL
enginescaleswell with anincreasein datasearchedor while the effect on the native
XML executionis morenoticeabledueto thetime requiredto tagall thereturnedSONG

elementsFor theselectvity casestheinline methodis still cheapein termsof execution
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time.

10.3.2 Multi StepQuery Experiments

@ SQL Stmt Execution B Total Execution

Time (ms)

1 2 3 4 5 6
Selectivity Per SHORT_PLAY

Table10.9: QueryQ2 with Selectvity Executedwith GlobalEdgelLoading

@ SQL Stmt Execution M Total Execution

400

300 -

200 -

Time (ms)

100

1 2 3 4 5 6
Selectivity Per SHORT_PLAY

Table10.10:QueryQ2 with Selectvity Executedwith Globallnline Loading

Tables10.9 and 10.10 againshav anotherpicture, despitehaving the static 1300

SHORT_PLAYs in thebaseables.The X axisof thesechartsis still selectvity of SONG
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elementgeturnedfrom the basedata. The only differencebetweentheseQ2 queriesand
the previous examplesarethe useof the <= predicatansteadof the = predicate While
the previouschartshave experiencedncreasingslopesthesechartsshav jaggedpositive
andngyative slopes.This canbe explainedby the semanticof the Q2 queryin termsof
selectvity. Thefirst barof eachtableshovs every SONGwith position<= 1, thatis only
thefirst SONG.The secondbarshavs every SONGwith position<= 2, or just thefirst
two SONGs,while thelastonly returnsé SONGs. The time differencebetweernagging
1 to 6 elementss very minimal which explainsthe jaggedline. Dueto the smallamount
of tuplesreturnedthe overall timesarealmostall lessthan400. Theinline methodagain

shavs smallertime valuesthanthe edgemethod.

10.4 Experimental Summary

As describedin the introduction, the executionof XAT operatorsin main memoryis
expensve in the contet of the Rainbav system. This is clearly shavn by eachof the
experimentalfiguresasthe numberof SONGsincreasesThe SQL statements executed
followed by three XAT operators.As the amountof tuplesreturnedincreasesthe SQL
statemengrows slowly. However, the costof executingthe threeXAT operatordegins
to grow quite quickly. For instance,in Table 10.3, the time to executethe three XAT
operatorsis lessthan 70 ms with 100 SHORT _PLAYSs, but upon executingover 1300
SHORT _PLAYS, the time to executethe threeXAT operatordss over 3000ms. If SQL
wasnt createdmain memoryexecutionwould requireexecutingover 25 suchXAT op-
erators.At therateof Table10.3,this time would be 25,000ms, over 5 timesthelength
of executionwith an SQL statement.

This pointis moreclearly shovn by Table 10.8. At the highesttime line, the 3 XAT

operatorsaretagging 7800 SONG elements.This takesnearly50,000ms. If therewas
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no SQL statementtherewould be morethan20 other XAT operatordo executein main
memoryaswell, which at thatratewould total almost300,000ms. Asking a userto wait

morethan300secondgor aqueryresultis unreasonable.
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Chapter 11

Conclusions

11.1 Summary

XML documentsare ordersensitve. Queriesover thesedocumentsare like-wise order
sensitve with order predicatesand properly orderedresults. Efficient storagemethods
for thesedocumentsare also desired. Many systemshave chosento utilize relational
databaseasthis storagestratgy. However, thereis still amissinglink betweerthe XML
gueriesandthe relationalstorage especiallywhereorderis concerned.For this reason,
Rainbav was extendedto handlethe ordersensitve issue. This was accomplishedy
the following: orderspecificloadingsthat capturedmplicit ordersensitve information
makingit explicit; metadatdablesthat manageheimplicit to explicit mappingcapture;
rewrite rules for orderspecificqueries; SQL generationtechniquesor ordersensitve
statementreationwith the useof templatesandintegrationandimplementatiorwithin
the Rainbav system. The experimentalstudiesshown the correctnes®f this approach,
aswell asshav a more efficient executioncomparedo natve XML queryexecutionin

Rainbawv.
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11.2 Contrib utions

My contributionsof this thesisareasfollowed:

[ —

. Thesystemprovidesguidelinesfor handlingary generaloadingqueries;
. Six ordersensitve loadingquerieshave beencreatedo testtheguidelines;

. Rewrite rules now exist for XQuery statementghat force maximal computation

pushdevn of ordersensitve operators;

. A generaltemplategrammarfor ordersensitve SQL query statementdasbeen

created;

A metadatdable concepthasbeendesignedo captureimplicit ordersensitve in-
formation.It wascreatedn amannetthatit is extendableandgenerato enablethe

additionof "new” orderencoding®r "new” loadingstrategyiesin thefuture;

. SQL generationin Rainbav now includesordersensitve SQL statementreation

throughthe useof templates;
. This framewnork wasimplementedandintegratedwithin the Rainbav system;

. An experimentalstudywasconductedo evaluatethe proposedrderbasedXML

gueryprocessingystem.

Most importantly the systemwasdesignedn a generalmannerto handlearny new

mappingsor orderingsthat may arise. The scenariofor eachis quite simple. If a new

ordermethodis createdary currentmappingwould requirea new orderpre-processing

stepaspartof thefull loadingquery This stepis shavn in eachStepZero of Appendix

A. This simply meanghata newv StepZero XQuery functionwould needto be written.

No Java codewould needto be addedto the system.If a nevw mappingmethodwasto
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be utilized, thena new loading XQuery statemenwould needto be created- one for
eachcurrentordertypes.Again, no codewould needto be addedo the currentsystemo
handlethis. Informationaboutthis mappingwould alsoneedto be createdwithin its own

metadatdable.

11.3 FutureWork

Currently Rainbav only handleshumericorderpredicatesin thefuture, it will be nec-
essaryto implementLAST(), FIRST()andotherrelatedorderfunctions,aswell astheir
translationgo SQL.

Also, the metadataableis createdmanuallyfor eachdocumentandloadingin our
system.Part of the future work would beto automatehis processThis processouldbe
donewith a mixture of XQueryandJavain parallelto theloadingprocess.

Finally, thework describedn Section9.1 mustbeimplementedsuchthatSQL gener

ationis purelyincrementabndawareof the hierarchyof thealgebratree.
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Appendix A

Loading Queries

A.1 SchemaQueries

A.1.1 Edgeloading SchemaQuery

<xsd: schema xm ns: xs="http://ww. w3. or g/ 2001/ XM_Schema" el enent For nDef aul t ="qual i fi ed" >

<xsd: el enent nane="DB">
<xsd: conpl exType>
<xsd: sequence>
<xsd: el enent nane="EDCES" >
<xsd: conpl exType>
<xsd: sequence>

<xsd: el enent nanme="EDGES. RON m nCccurs="1" nmaxQccur s="unbounded"

<xsd: conpl exType>
<xsd: sequence>
<xsd: el ement
<xsd: el ement
<xsd: el ement
<xsd: el ement
</ xsd: sequence>
</ xsd: conpl exType>
</ xsd: el ement >
</ xsd: sequence>
</ xsd: conpl exType>
</ xsd: el ement >
</ xsd: sequence>
</ xsd: conpl exType>
</ xsd: el ement >
</ xsd: schema>
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A.1.2 Inline Loading SchemaQuery

<xsd: schema xm ns: xs="http://ww. w3. or g/ 2001/ XM_Schema" el enent For nDef aul t ="qual i fi ed" >

<xsd: el enent nane="DB">
<xsd: conpl exType>
<xsd: sequence>
<xsd: el enent nane="EDCES" >
<xsd: conpl exType>
<xsd: sequence>

<xsd: el enent nane="EDCGES. RON m nCccurs="1" maxQccur s="unbounded" >

<xsd: conpl exType>
<xsd: sequence>
<xsd: el ement
<xsd: el ement
<xsd: el ement
<xsd: el ement
</ xsd: sequence>
</ xsd: conpl exType>
</ xsd: el ement >
</ xsd: sequence>
</ xsd: conpl exType>
</ xsd: el ement >
</ xsd: sequence>
</ xsd: conpl exType>
</ xsd: el ement >
</ xsd: schema>
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A.2 StepO0
A.2.1 Local EdgelLoading Step0

FUNCTI ON QL( $root, $pid, $porderl){
LET $mai ntag : = gettag($root)
$iid = getiid(),
$porder2 := 0
$pos := 0
RETURN
{
<$mai ntag type="ELEM' iid=$iid pid=$pid porder=$porder 1>
FOR $attribute IN $root/ @
LET $atttag : = gettag($attribute),
$attiid := getiid(),
$pcdataiid := getiid()
RETURN
{
<$atttag type="ATT" iid=$attiid pid=$iid porder="0.0">
<CDATA t ype="CDATA" iid=$pcdataiid pid=$attiid porder="0.0">
$attribute
</ CDATA>
</ $atttag>
}
FOR $el em I N $root/*
LET $pos := $pos + 1
$pcd = $root/text()[position()=%pos]
RETURN

IF (TR M $pcd) ="")
THEN
{

}
ELSE

LET $pcdataiid := getiid(),
$porder2 := $porder2 + 1

RETURN
<PCDATA t ype="PCDATA" iid=$pcdataiid pid=$iid porder=$porder2>
TRI M $pcd)
</ PCDATA>
}
}
LET $porder2 : = $porder2 + 1
RETURN
QL($elem $iid, $porder?2)
}
}
LET $pos := $pos + 1
$pcd : = $root/text()[position()=$pos]
RETURN
{
I'F (TR M $pcd) ="")
THEN
{
}
ELSE
{

LET $pcdataiid := getiid(),
$porder2 : = $porder2 + 1
RETURN
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<PCDATA t ype="PCDATA" iid=$pcdataiid pid=$iid porder=$porder2>
TRI M $pcd)
</ PCDATA>

}
}
</ $mai nt ag>

}

Ql(document ("tenp/ source. xm "), 0, 1)
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A.2.2 Global Edgeloading Step0

FUNCTI ON Q1( $root, $pid){
LET $mai ntag : = gettag($root),
$iid = getiid(),
$pos := 0
RETURN
{

<$mai ntag type="ELEM iid=$iid pid=%pid porder=$iid>
FOR $attribute IN $root/ @
LET $atttag := gettag($attribute),
$attiid := getiid(),
$pcdataiid := getiid()
RETURN

<$atttag type="ATT" iid=$attiid pid=$iid porder="0.0">
<CDATA t ype="CDATA" iid=$pcdataiid pid=$attiid porder="0.0">
$attribute
</ CDATA>
</ $atttag>
I
FOR $el em I N $root/*
LET $pos := $pos + 1,
$pcd = $root/text()[position()=%pos]

RETURN
I'F (TR M $pcd) ="")
THEN
{
}
ELSE
{
LET $pcdataiid := getiid()
RETURN
<PCDATA t ype="PCDATA" iid=$pcdataiid pid=$iid porder=$pcdataiid>
TRI M $pcd)
</ PCDATA>
}
}s
RETURN
Ql($el em $iid)
}
}s
LET $pos := $pos + 1,
$pcd = $root/text()[position()=%$pos]
RETURN
{
IF (TR M $pcd)="")
THEN
{
}
ELSE
{
LET $pcdataiid := getiid()
RETURN
<PCDATA t ype="PCDATA" iid=$pcdataiid pid=$iid porder=$pcdataiid>
TRI M $pcd)
</ PCDATA>
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}

</ $mai nt ag>

}

Ql(docunent ("t enp/ source. xm "),

0)
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A.2.3 Lexicographical Edge Loading Step0

FUNCTI ON QL( $root, $pid, $paorder)
LET $mai ntag : = gettag($root),
$iid:= getiid(),

$pos := 0,
$porderl := "aa",
$f ake : = LEXI COGRAPHI CALORDER("reset"),
$corder := "aa"
RETURN

{
<$mai ntag type="ELEM' iid=$iid pid=$pi d porder=$paorder>
FOR $attribute IN $root/ @
LET $atttag := gettag($attribute),
$attiid := getiid(),
$pcdataiid := getiid()
RETURN

<$atttag type="ATT" iid=$attiid pid=$iid porder="0.0">
<CDATA t ype="CDATA" iid=$pcdataiid pid=$attiid porder="0.0">
$attribute
</ CDATA>
</ $atttag>
}
FOR $el em I N $root/*
LET $pos := $pos + 1,
$pcd : = $root/text()[position()=$pos],
$porder1 : = LEXI COGRAPHI CALORDER(count ($root/../*)),
$corder := CONCAT($paorder, ".", $porderl)
RETURN

I F (TR M $pcd)="")
THEN
{

}
ELSE

{
LET $pcdataiid := getiid()
RETURN

<PCDATA t ype="PCDATA" iid=$pcdataiid pid=$iid porder=%corder>
TRI M $pcd)
</ PCDATA>
}
}
RETURN

QL($elem S$iid, $corder)
}
}
LET $pos := $pos + 1,
$pcd : = $root/text()[position()=$pos],
$porder1 : = LEXI COGRAPHI CALORDER(count ($root/../*)),
$corder := CONCAT($paorder, ".", $porderl)
RETURN
{
IF (TR M $pcd)="")
THEN
{

}
ELSE

LET $pcdataiid := getiid()
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RETURN
<PCDATA t ype="PCDATA" iid=$pcdataiid pid=$iid porder=%corder>

TRI M $pcd)
</ PCDATA>

}
}
</ $mai nt ag>

}

Ql(document ("tenp/ source. xm "), 0, "aa")
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A.2.4 Local Inline Loading Step0

FUNCTI ON QL( $root, $pid, $porderl)
LET $nmintag : = gettag($root)
$iid = getiid(),
$porder2 := 0
$pos := 0
RETURN
{
<$mai ntag type="ELEM' iid=$iid pid=$pi d porder=$porder 1>
FOR $attribute IN $root/ @
LET $atttag := gettag($attribute),
$attiid := getiid(),
$pcdataiid := getiid()

RETURN
{
<$atttag type="ATT" iid=$attiid pid=$iid porder="0.0">
<CDATA t ype="CDATA" iid=%pcdataiid pid=$attiid porder="0.0">
$attribute
</ CDATA>
</ $atttag>
I

FOR $elem I N $root/*
LET $pos := $pos + 1

$pcd = $root/text()[position()=%pos]
RETURN
{
I'F (TR M $pcd) ="")
THEN
{
}
ELSE
{
LET $pcdataiid := getiid(),
$porder2 : = $porder2 + 1
RETURN
<PCDATA type="PCDATA" iid=$pcdataiid pid=$iid porder=$porder2>
TRI M $pcd)
</ PCDATA>
}
H
LET $porder2 := $porder2 + 1
RETURN
Ql($el em $iid, $porder?2)
}
H
LET $pos := $pos + 1
$pcd = $root/text()[position()=%pos]
RETURN
{
I'F (TR M $pcd) ="")
THEN
{
}
ELSE
{

LET $pcdataiid := getiid(),
$porder2 : = $porder2 + 1
RETURN

<PCDATA type="PCDATA" iid=$pcdataiid pid=$iid porder=$porder2>
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TRI M $pcd)
</ PCDATA>

</ $mai nt ag>

}

Ql(document ("tenp/ source. xm "), 0, 1)
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A.2.5 Global Inline Loading Step0

FUNCTI ON Q1( $root, $pid){
LET $mai ntag : = gettag($root),
$iid = getiid(),
$pos := 0
RETURN
{

<$mai ntag type="ELEM iid=$iid pid=%pid porder=$iid>
FOR $attribute IN $root/ @
LET $atttag := gettag($attribute),
$attiid := getiid(),
$pcdataiid := getiid()
RETURN

<$atttag type="ATT" iid=$attiid pid=$iid porder="0.0">
<CDATA t ype="CDATA" iid=$pcdataiid pid=$attiid porder="0.0">
$attribute
</ CDATA>
</ $atttag>
I
FOR $el em I N $root/*
LET $pos := $pos + 1,
$pcd = $root/text()[position()=%pos]

RETURN
I'F (TR M $pcd) ="")
THEN
{
}
ELSE
{
LET $pcdataiid := getiid()
RETURN
<PCDATA t ype="PCDATA" iid=$pcdataiid pid=$iid porder=$pcdataiid>
TRI M $pcd)
</ PCDATA>
}
}s
LET $porderl : = getiid()
RETURN
Ql($elem $iid)
}
}s
LET $pos := $pos + 1,
$pcd : = $root/text()[position()=%pos]
RETURN
{
I'F (TR M $pcd) ="")
THEN
{
}
ELSE
{
LET $pcdataiid := getiid()
RETURN
<PCDATA t ype="PCDATA" iid=$pcdataiid pid=$iid porder=$pcdataiid>
TRI M $pcd)
</ PCDATA>
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}
}
</ $mai nt ag>

}

Ql(docunent ("t enp/ source. xm "),

0)
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A.2.6 Lexicographical Inline Loading StepO

FUNCTI ON QO( $root, $pid, $paorder)
LET $mai ntag : = gettag($root),
$iid:= getiid(),

$pos := 0,
$porderl := "aa",
$f ake : = LEXI COGRAPHI CALORDER("reset"),
$corder := "aa"
RETURN

{
<$mai ntag type="ELEM iid=$iid pid=$pid porder=$paorder>
FOR $attribute IN $root/ @
LET $atttag := gettag($attribute),
$attiid := getiid(),
$pcdataiid := getiid()
RETURN

<$atttag type="ATT" iid=$attiid pid=$iid porder="0.0">
<CDATA t ype="CDATA" iid=$pcdataiid pid=$attiid porder="0.0">
$attribute
</ CDATA>
</ $atttag>
}
FOR $el em I N $root/*
LET $pos := $pos + 1,
$pcd : = $root/text()[position()=$pos],
$porder1 : = LEXI COGRAPHI CALORDER(count ($root/../*)),
$corder := CONCAT($paorder, ".", $porderl)
RETURN

I F (TR M $pcd) ="")
THEN
{

}
ELSE

{
LET $pcdataiid := getiid()
RETURN

<PCDATA t ype="PCDATA" iid=$pcdataiid pid=$iid porder=%corder>
TRI M $pcd)
</ PCDATA>
}
}
RETURN

Q($elem $iid, $corder)
}
}
LET $pos := $pos + 1,
$pcd : = $root/text()[position()=$pos],
$porder1l : = LEXI COGRAPHI CALORDER(count ($root/../*)),
$corder := CONCAT($paorder, ".", $porderl)
RETURN
{
IF (TR M $pcd)="")
THEN
{

}
ELSE

LET $pcdataiid := getiid()
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RETURN
<PCDATA t ype="PCDATA" iid=$pcdataiid pid=$iid porder=%corder>

TRI M $pcd)
</ PCDATA>

}
}
</ $mai nt ag>

}

Q0(docunent ("tenp/ source. xm "), 0, "aa")
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A.3 Stepl

This stepis the samefor eachloading regardlessof ordering

A.3.1 Edgeloading Step1l

FUNCTI ON QL( $r oot )

LET $tag : = gettag($root)
RETURN

I F ($r oot/ PCDATA)
THEN

<EDGES. ROW
<SOURCE>$r oot / @i d</ SOURCE>,
<PCSI TI ON>$r oot / @or der </ POSI TI ON\>,
<NAME>$t ag</ NAVE>,
<TARGET>$r oot / PCDATA/ t ext () </ TARGET>
</ EDGES. RO\

}
ELSE

I F ($root/ CDATA)
THEN

<EDGES. ROW
<SOURCE>$r oot / @i d</ SOURCE>,
<PCSI TI ON>$r oot / @or der </ POSI TI ON\>,
<NAME>$t ag</ NAVE>,
<TARGET>$r oot / CDATA/ t ext () </ TARGET>
</ EDGES. ROV

}
ELSE

<EDGES. ROW
<SOURCE>$r oot / @i d</ SOURCE>,
<PCSI TI ON>$r oot / @or der </ POSI TI ON\>,
<NAME>$t ag</ NAVE>,
<TARGET>$r oot/ @i d</ TARGET>
</ EDGES. ROV,

FOR $child IN $root/*[./@ype="ELEM' OR ./ @ype="ATT"]
RETURN

QL($chi | d)

}

<DB xm ns: xsi ="http://ww. w3. or g/ 2000/ 10/ XM_Schema- i nst ance" xsi: noNanespaceSchenmaLocati on="schema. xsd" >
<EDGES>

QL({docunment ("tenp/result0.xm ")})
</ EDGES>
</ DB>
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A.3.2 Inline Loading Step1

FUNCTI ON | nl i nabl e( $r oot )

LET $el ements : = docunent ("tenp/source. xsd")//xs: el ement [./ @anme=$root AND NOT ./ @muaxCccurs!="1"]

RETURN
{
I'F ( COUNT($el ements)=0 )
THEN
FALSE
}
ELSE
{
LET $choices : = docunent ("tenp/source. xsd")//xs: choice [./xs: el ement/ @ane=$r oot ]
UNI ON docunent ("t enp/ source. xsd")/xs: el ement [./ @anme=$r oot ]
RETURN
{
I F ( COUNT(S$choi ces)=0 )
THEN
{
TRUE
}
ELSE
FALSE
}
}
}
}
}
FUNCTI ON PCDATAI nl i ne($root)
LET $choi ces : = docunent ("tenp/source.xsd")//xs: el ement[./ @anme=%$r oot
AND NOT ./ @ef]/xs: conpl exType/ xs: choi ce
RETURN
{
I F ( COUNT($choices)=0 )
THEN
TRUE
}
ELSE
FALSE
}

}
FUNCTI ON QL( $root, $parentinlinabl e, $PCDATAInline)

LET $tag : = gettag($root)
RETURN

{
IF ($root/ @ype="ELEM')

THEN
<$tag | NLI NABLE=I nl i nabl e($tag) $root/ @>
FOR $child IN $root/*
RETURN
QL($child, Inlinable($tag), PCDATAInline($tag))

</ $t ag>
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}

ELSE
{
IF ($root/ @ype="ATT")
THEN
LET $tag : = CONCAT($tag, "_ATT")
RETURN
{
<$tag | NLI NABLE="TRUE" $root/ @>
$root/*[1]/text()
</ $t ag>
}
}
ELSE
{
I F ($parentinlinabl e="TRUE'" and $PCDATAI nl i ne="TRUE")
THEN
$root/text()
}
ELSE
{
<$tag | NLI NABLE=$PCDATAI nl i ne $root/ @ >
$root/text()
</ $t ag>
}
}
}
}
}
<DB>
Ql({document ("tenp/result0.xm ")}, "FALSE', "TRUE")
</ DB>
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A4 Step2

This stepis the samefor eachloading regardlessof ordering

A.4.1 Edgeloading Step2

Thereis no secondstepfor the Edgemapping.

A.4.2 Inline Loading Step2

FUNCTI ON Q2( $root, $path)

{
RETURN

LET $tag : = CONCAT($path, "_", gettag($root)),

$el ements = $root/*[(./ @ype="ELEM' OR ./ @ype="PCDATA") AND ./ @ NLI NABLE="TRUE"]
RETURN

| F (COUNT($el erents) = 0)
THEN

{
IF (TRIM $root/text())="")
THEN

LET $iidtag : = CONCAT($tag, "_IID")
RETURN
<$i i dt ag>$root/ @i d</ $i i dt ag>
}
}
ELSE
{

}
}
ELSE

<$t ag>%r oot / t ext () </ $t ag>

FOR $el em I N $el enent s
RETURN

Q@($el em $tag)
}
H

FOR $attchild IN $root/*[./ @ype="ATT"]
LET $atttag : = CONCAT($path, "_", gettag($root),

_ ", gettag($attchild))
RETURN

<$atttag>$attchil d/text()</$atttag>

}

<DB xm ns: xsi ="http://ww. w3. or g/ 2000/ 10/ XM_Schema- i nst ance" xsi: noNanmespaceSchenmaLocati on="schema. xsd" >
FOR $tag I N DI STINCT (FOR $xxx | N docunment ("tenp/resultl.xm")//*[./ @ NLI NABLE="FALSE"]
RETURN{ <T>get t ag( $xxx) </ T>})
LET $tables : = document("tenp/resultl.xm")//*[name(.)=TRIM $tag/text()) AND ./ @ NLI NABLE="FALSE"],
$tag = $tag/text()
RETURN
{
<$t ag>
FOR $table IN $tables
LET $tabl etag : = CONCAT($tag, ".ROW)
RETURN
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<$t abl et ag>
<l | D>$t abl e/ @i d</11 D>,
<PI D>$t abl e/ @i d</ Pl D>,
<PCSI TI ON>$t abl e/ @or der </ PCSI TI ON>,
I F ($t ag="PCDATA")

THEN
<VALUE>$t abl e/ t ext () </ VALUE>

}

ELSE

{
FOR $attchild IN $table/*[./ @ype="ATT"]
LET $atttag : = CONCAT(S$tag, "_", gettag(S$attchild))
RETURN
{

<$atttag>$attchild/text()</$atttag>
},
FOR $elem IN $tabl e/ *[(./@ype="ELEM OR ./ @ype="PCDATA") AND ./ @ NLI NABLE="TRUE"]
RETURN
Q($el em $tag)

}

}

</ $t abl et ag>
}
</ $t ag>
}
</ DB>
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Appendix B

View Queries

B.0.3 Edgeloading

<RECORDLI ST>
FOR $pl ayMap i n docunent ("t enp/ dxvfe.xm ")/ EDGES/ EDGES. RON
NAME/ t ext () ="short _pl ay"]
RETURN
<SHORT_PLAY pos=$pl ayMap/ POSI TI ON/ t ext () >
FOR $songMap i n docunent ("t enp/ dxvfe.xm ")/ EDGES/ EDGES. RON
SOURCE = $pl ayMap/ TARGET and NAME/ text ()="song"]
RETURN
<SONG pos=$songMap/ POSI TI ON/ t ext () >$songMap/ TARGET/ t ext () </ SONG>
SORTBY ( ./ @os ASCENDI NG)
</ SHORT_PLAY>
SORTBY( . / @o0s)
</ RECORDLI ST>

B.0.4 Inline Loading

<RECORDLI ST>
FOR $pl ayMap i n docunent ("tenp/ dxvli.xm ")/ SHORT_PLAY/ SHORT_PLAY. ROW
RETURN
<SHORT_PLAY pos=$pl ayMap/ POSI TI ON/ t ext () >
FOR $songMap i n document ("tenp/ dxvli.xm ")/ SONG SONG. RON
PIDtext() = $playMap/ 1D/ text()]
RETURN
<SONG pos=$songMap/ POSI TI ON/ t ext () >
$songMap/ SONG_PCDATA/ t ext ()
</ SONG>
SORTBY ( ./ @os ASCENDI NG)
</ SHORT_PLAY>
SORTBY( . / @o0s)
</ RECORDLI ST>
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Appendix C
Recordlist XML Schema

<?xm version="1.0"?>
<xs:schema xm ns: xsd="http://ww. w3. or g/ 2000/ 10/ XM_Schema"
el enent For nDef aul t =" qual i fi ed" >
<xs: el enent nane="RECORDLI ST" >
<xs: conpl exType>
<Xs:sequence>
<xs: el ement nane="SHORT_PLAY" maxCccurs="unbounded" >
<xs: conpl exType>
<Xs:sequence>
<xs: el ement nane="BAND' type="xs:string"/>
<xs: el ement nanme="LABEL" type="xs:string"/>
<xs: el enent nane="SONG' maxQccurs="6"
type="xs:string"/>
</ xs: sequence>
</ xs: conpl exType>
</ xs: el enent >
</ xs: sequence>
</ xs: conpl exType>
</ xs: el enent >
</ xs: schema>
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Appendix D
Default XML View

Recordlist DXV by Inline Global Strategy

<?xm version="1.0"?>
<DB xm ns: xsi ="http://ww. w3. or g/ 2000/ 10/ XM_Schema- i nst ance" xsi: noNanespaceSchenmaLocati on="schema. xsd" >
<band>
<band. RON
<l I D>
33.0
</11D>
<PI D>
31.0
</ PI D>
<PCSI TI ON\>
33.0
</ PCSI TI O\>
<band_PCDATA>
Project X
</ band_PCDATA>
</ band. RON>
<band. RON
<l I D>
19.0
</11D>
<PI D>
17.0
</ PI D>
<PCSI TI ON\>
19.0
</ PCSI TI O\>
<band_PCDATA>
Msfits
</ band_PCDATA>
</ band. RON*>
<band. RON
<l I D>
5.0
</11D>
<PI D>
3.0
</ PI D>
<PCSI TI ON\>
5.0
</ PCSI TI ON\>
<band_PCDATA>
Msfits
</ band_PCDATA>
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</ band. RON
</ band>
<l abel >
<l abel . RON
<l D>
36.0
</l D>
<Pl D>
31.0
</ PI D>
<PCSI TI ON>
36.0
</ PCSI TI ON>
<l abel _PCDATA>
Schi sm
</ | abel _PCDATA>
</ | abel . RON
<l abel . RON
<l D>
22.0
</l D>
<Pl D>
17.0
</ PI D>
<PCSI TI ON>
22.0
</ PCSI TI ON>
<l abel _PCDATA>
Plan 9
</ | abel _PCDATA>
</ | abel . RON
<l abel . RON
<l D>
8.0
</ D>
<Pl D>
3.0
</ PI D>
<PCSI TI ON>
8.0
</ PCSI TI ON>
<l abel _PCDATA>
bl ank
</ | abel _PCDATA>
</ | abel . RON
</ | abel >
<song>
<song. RO
<l D>
39.0
</l D>
<Pl D>
31.0
</ PI D>
<PCSI TI ON>
39.0
</ PCSI TI ON>
<song_PCDATA>
SXE Revenge
</ song_PCDATA>
</ song. RO
<song. RO
<l D>
42.0
</ D>



<Pl D>
31.0
</ PI D>
<PCSI TI ON>
42.0
</ PCSI TI ON>
<song_PCDATA>
Shut down
</ song_PCDATA>
</ song. RO
<song. RO
<l D>
25.0
</l D>
<Pl D>
17.0
</ PI D>
<PCSI TI ON>
25.0
</ PCSI TI ON>
<song_PCDATA>
Bul I et
</ song_PCDATA>
</ song. RO
<song. RO
<l D>
28.0
</l D>
<Pl D>
17.0
</ PI D>
<PCSI TI ON>
28.0
</ PCSI TI ON>
<song_PCDATA>
W Are 138
</ song_PCDATA>
</ song. RO
<song. RO
<l D>
11.0
</l D>
<Pl D>
3.0
</ PI D>
<PCSI TI ON>
11.0
</ PCSI TI ON>
<song_PCDATA>
Cough Cool
</ song_PCDATA>
</ song. RO
<song. RO
<l D>
14.0
</l D>
<Pl D>
3.0
</ PI D>
<PCSI TI ON>
14.0
</ PCSI TI ON>
<song_PCDATA>
She
</ song_PCDATA>
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</

</ song. RO
song>

<short _pl ay>

</
<r

</

<short _pl ay. RON
<l I D>
3.0
</11D>
<PI D>
1.0
</ PI D>
<PCSI TI ON\>
3.0
</ PCSI TI O\>
</ short _pl ay. RONs
<short _pl ay. RON
<l I D>
17.0
</11D>
<PI D>
1.0
</ PI D>
<PCSI TI ON\>
17.0
</ PCSI TI O\>
</ short _pl ay. RONs
<short _pl ay. RON
<l I D>
31.0
</11D>
<PI D>
1.0
</ PI D>
<PCSI TI ON\>
31.0
</ PCSI TI ON\>
</ short _pl ay. RONs
short _pl ay>
ecordlist>
<recordlist. RON
<l I D>
1.0
</11D>
<PI D>
0.0
</ PI D>
<PCSI TI ON\>
1.0
</ PCSI TI O\>
</recordlist. RON
recordlist>

</ DB>

<l .-

end of docunent

-->
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