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Abstract

Whenupdatinga valid XML Dataor Schema,anef�cient yet light-weightmechanismis

neededto determineif theupdatewould invalidatethedocument.Towardsthis goal,we

have developeda framework calledSAXE. First, we analyzedtheconstraintsexpressed

in XML schemaspeci�cationsto establishconstraintrulesthatmustbeobservedwhena

schemaor anXML dataconformingto agivenXML Schemais altered.Wethenclassify

therulesbasedon their relevancy for a givenupdatecase.That is, we show theminimal

setof rulesthatmustbecheckedto guaranteethesafetyfor eachupdateprimitive. Next,

we illustratethat this setof incrementalconstraintcheckscanbespeci�edusinggeneric

XQueryexpressionscomposedof threetypeof components.Safeupdatesfor theXML

datahave thefollowing components:(1) XML schemameta-queriesto retrieve any con-

straintknowledgepotentiallyrelevantto thegivenupdatefrom theschemaor XML data

beingaltered,(2) retrieval of speci�c characteristicsfrom the to-be-modi�edXML, and

(3) an analysisof informationcollectedaboutthe XML schemaandthe affectedXML

documentto determinevalidity of theupdate.For thesafeschemaalteration,thecompo-

nentsare:(1) XML schemameta-queriesto retrieverelevantinformationfrom theschema

(2) analysisandusageof retrievedinformationto updatetheschema,and(3) propagation

of the changesto the XML datawhennecessary. As a proof of concept,we have es-

tablisheda library of thesegenericXQuery constraintchecksfor the type-relatedXML

constraints.The key ideaof SAXE is to rewrite eachXQuery updateinto a safeXML

Queryby extendingit with appropriateconstraintchecksubqueries.ThisenhancedXML

updatequerycanthensafelybeexecutedusingany existingXQueryenginethatsupports

updates- thus turning any updateengineautomaticallyinto an incrementalconstraint-

checkengine.In orderto verify the feasibility of our approach,we have implementeda



prototypesystemSAXE thatgeneratessafeXQuery updates.Our experimentalevalua-

tion assessestheoverheadof rewriting aswell astheperformanceof our loosely-coupled

incrementalconstraintcheckapproachcompareswith the moretraditional�rst-change-

documentandthenrevalidate-itapproach.
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Chapter 1

Introduction

1.1 Moti vation

Today XML is the facto standarddataexchangeformat for information on the Web.

Nearly all-major databasesystemprovidershave extendedtheir existing databasetech-

nologiesto manageXML data.Eachof thesevendorsassumeschangeis a fundamental

aspectof persistentinformationanddata-centricsystems.Informationover a periodof

time oftenneedsto bemodi�ed to re�ect perhapsachangein therealworld, a changein

theuser's requirements,mistakesin theinitial designor to allow for incrementalmainte-

nance.

However, changesupportfor XML in currentXML datamanagementsystemsis only

in its infancy. Practicallyall changesupportis tightly tied to the underlyingstorage

systemof the XML data. For example,both IBM DB2 XML Extender[IBM00b] and

Oracle9i [Ora02],whichsupportdecompositionof XML datainto relational[IBM00b] or

object-relationalstorage[Ora02],still requireusersto beawareof notonly theunderlying

storagesystembut alsotheparticularmappingchosenbetweentheXML modelandthe

storagemodelandupdatesmustbedoneusingSQL-like language.Little hasbeendone

1



to providemechanismsfor maintainingthestructural consistencyof theXML documents

with all associatedXML schemataduringanupdate.Structural consistencyis a desired

propertyin databasesystemswhich requiresthat the datamust always conform to its

schema.An updateis consideredto besafeonly if it will not resultin any dataviolating

theassociatedschema.Thoughit is not requiredthatXML documentsmustalwayshave

associatedschemadueto their “self-describing”nature,many applicationdomainstend

to usesomeschemaspeci�cation in eitherDTD [W3C98] or XML Schema[W3C01a]

formatto enforcethestructureof theXML documents.An updateto anXML document

shouldthusonly beallowedwhentheupdateis safe, i.e., theupdateddatawouldcontinue

to conformto thegivenXML schemata.

To achieve this, techniqueshave beenproposedfor translatingconstraintsin XML

to constraintsin otherdatamodels,say the relationalmodel [KKRSR00] or the object

model[BGH00]. Following thetraditionaldatabaseapproachdepictedin Figure1.1,�rst

the XML Schemawould be analyzedto constructa schemain the underlyingstorage

system,andsecondthe XML documentscouldbe loadedinto the repository, only after

thatwould updateson thedocumentbepermitted.ThereafterXML constraintchecking

wouldbeachievedby theconstraintenforcementmechanismsupportedin theunderlying

datastore. However we prefernative XML update supportto avoid theoverheadof a

loadinto a databasemanagementsystem(DBMS), andthedependency of XML updates

on somespeci�c alternatedatarepresentation.

Alternatively asdepictedin Figure1.2,anativeXML approachto ensuringthesafety

of dataupdatesis to �rst executethe updateson the XML documentdirectly, thenrun

a validatingparser1 on the updatedXML document,and lastly decidewhetherto roll

backto theoriginal XML documentbasedon thevalidationresult. Suchanapproachis

likely inef�cient sinceit involvesredundantcheckingof the completeXML document.
1XML documentparserssuchas [IBM00a] supportvalidatingthe XML documentagainstthe given

DTD or XML Schema.
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It is preferableto have an incremental checking mechanismwhereonly the modi�ed

XML fragmentsratherthanthecompleteXML documentarechecked. Also it would be

preferablenot to have to loadit into somedatarepository�rst.

Data

Update
Engine

XML Data

Schema
Builder

Data
Loader

XML
Schema

Update
XQuery

Schema

Figure1.1: Tightly-CoupledApproach

Yes

XML Doc
Update Engine

Or
Editor

Updated-
XML Doc

Validator
No

XML
Schema

Update
XQuery

Figure 1.2: Loosely-CoupledAp-
proach

1.2 Our Approach

It is preferableto provide constraintcheckingasa lightweightmiddlewareservicerather

thanbeingtightly coupledto an XML datamanagementsystem. This way the service

could be generalandportableacrossdifferentXML applications.The key conceptwe

proposeto exploit is thecapacityof theXQueryquerylanguageto not only queryXML

databut alsoXML Schema.This allows us to rewrite XML updatestatementsby ex-

tendingthemwith appropriateXML constraintchecksub-queries.This enhancedXML

updatequerycanthensafelybeexecutedusingany existingXQueryenginethatsupports

updates- thus turning any updateengineautomaticallyinto an incrementalconstraint-

checkengine.Figure1.3depictsthemain�o w of ourconstraintcheckingapproach.

Safe XQuery
Rewriter

Update-
XQuery

Safe
Update-
XQuery

XML
Schema

XML
Data

Update Engine
Updated

XML

Figure1.3: An IncrementalYet Loosely-CoupledUpdateProcessingFramework Sup-
portingXML Updateswith SchemaConstraintValidation
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In summary, wemake thefollowing contributionsin thiswork:

1. We analyzeXML schemaspeci�cationsand develop generalconstraintrules to

performsafeupdateoperationsfor theXML SchemaandtheXML Data.

2. We proposea generalconstraintcheckingframework that providesnative, incre-

mentaland lightweight XML Schemaand XML Data updatesupportby query

rewriting.

3. We have implementeda prototypesystemto verify thefeasibility of this proposed

approach.

4. We have conductedan experimentalstudythat comparesthe performanceof the

proposedapproachagainstthatof currentstate-of-the-artsolutions.

1.3 ThesisOutline

Therestof this thesisis structuredasfollows:

1. RelatedWork: Givesanoverview of literatureandtools relatedto this domainof

study.

2. XML Updatelanguage:Givesa conceptof XQueryandtheupdatelanguageused

for SAXE.

3. Modeling XML Schema,XML Data and their Interrelationship:Models XML

Schema,XML Dataandtheir mapping.

4. Consistency UnderXML DataandXML SchemaUpdates:ShowsHow thesystem

integrity is maintainedwhenchangesoriginateeither from the Schemaor XML

Data.
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5. SAXE Framework: Givesthe overview of the SAXE Systemarchitectureandits

implementation.

6. SAXE Experiments:Givesa preciseevaluationof thesystem.

7. Conclusion:Givesadetailedsummaryandpossiblefuturework on thisdomain.

8. AppendixA: Describesthe templatelibrariesfor safedataupdateswhenchanges

originatefrom theXML data.

9. AppendixB: Describesthe safeupdatequeriesgeneratedwhenchangeoriginate

from theXML schema.
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Chapter 2

Related Work

2.1 XML Evolution

With XML becomingmoremainstream,andmuchmoreXML databecomingavailable

around,new technologieshasbeendevelopedto betterprocessand manipulateXML.

Managementof XML documentsis becominganincreasinglyimportanttask[TIHW01a].

Weseeaproliferationof databasesthatstore,queryandupdateXML documents.

Both the dataandthe structureof XML documents(schema)tendto changeover time

for amultitudeof reasons.Changesarefundamentalaspectof persistentinformationand

datacentricsystems.Over time information tendsto change,andmodi�cation should

be madeto re�ect the necessaryevolutions. Beyond frequentdataupdateswhich are

widespread,we �nd thatschemachangesarealsofairly commonin modernapplications

for the following reasons.Schemamappingtechniques[HH00] which aim at mapping

betweenheterogeneoussourcesaresemi-automaticanddependa lot on domainknowl-

edge.As aresult,agoodmappingis thushardto �nd andmayevolveover time. Sources

alsohavebeenfoundto befairly volatileto theextentthatsomeof themmaybetemporar-

ily or evenpermanentlyunavailable[ITY99]. Anotherimportantpoint is thata schema
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changecouldoccurfor numerousreasonsduringthesoftwarelife-cycle,includingdesign

errors,schemaredesignduring theearly stagesof databasedeployment,the additionof

new functionalitiesandevennew developmentsin theapplicationdomain.

2.2 XML and DatabaseSystems

Eventhoughthetopicof updatingXML datais still at its infancy, therehavebeensigni�-

cantdevelopmentson this topicover thelastfew years.TodaythecommunityseesXML

not only asa way to serializeandcommunicatethealreadyexisting datastructures,but

mostimportantlyalsoasaway to think aboutmodelingapplicationdata.

Oneof the �rst databasesystemsthatsupportedupdatesis theeXcelonXML repository

[eXc98]. Its supportis basicandexpressessimpledeletionandinsertionusinganexten-

sion of the XPath language[W3C99]. In the spirit of makingXML fully evolve into a

universaldatarepository, moreandmoresuitabledataqueryandupdatelanguagesare

beingdeveloped. Someof the tools suchas (XSLT) [W3C01d] have focusedon vari-

ouslanguageformatsasamechanismfor manipulatingXML data.ExtensibleStylesheet

LanguageTransformations(XSLT) [W3C01d] is a languagedesignedfor transforming

individual XML documents.Contraryto SAXE, XSLT doesnot requireany schemaat-

tachedto theXML data.Theusercanspecifyarbitrarydatatransformationrules.Lexus

(XML UpdateLanguage)[Inf00] is anotherdeclarative languageproposedby an open

sourcegroup, Infozone,to updatestoreddocuments.However Lexus usesprimitives,

whichonly work on thedocumentlevel without takingtheschemainto account.

Therearefew native XML editor toolscapableof validatingXML schemaanddataup-

dates,oneof theseeditorsis XMLspy [XML]. Contraryto editorslike XMLspy [XML],

SAXE allowsasetof relatedsafeupdatesto bedoneautomaticallyin onebatchusingan

XQueryexpression.Also SAXE is a onestepprocesswhereupdatesareonly performed

7



oncethey aredeemedsafesothatall theattemptsfor invalidupdateswill bepreventedand

thesafeoneswill beperformed.With theXMLSpy editorany invalid updatewill forcea

roll backfor all intendedupdates.TheXEM project[SKC
�

00] from WPI dealswith the

problemof XML evolutionandupdating.XEM proposesasetof updateprimitives,each

of which is associatedwith semanticsensuringthesafetyof theoperation.Themainlim-

itationsof XEM are:(1) thedataupdateprimitivesin XEM canonly beperformedonone

singleelementselectedby anXPathexpressionat a time; (2) XEM is a tightly-coupled

approach,namely, it is implementedasan engineon top of PSE(a lightweight object

database),by �rst mappingtheDTD to a �x edobjectschemaandthenloadingthedata

into the schemaasobject instances.Suchmoretraditionaldatabaseparadigmrequires

schemaevolution supportfrom theunderlyingDBMS engine,in theXEM case,thePSE

system.While XEM providessuchschemaevolutionsupportfor PSEdatabaseevolution,

this now would eitherrequirea specializedconstraintenforcementto behard-codedinto

thePSEsystem.Clearly, suchanapproachis a high-overheadstrategy, requiringsignif-

icantsupportfrom theunderlyingDBMS systemor majorsoftwaredevelopmenton the

XML evolutionsystem.

In traditionaldatabasemanagementsystemssuchasrelationaldatabases(RDBMS)

theproblemof storingandqueryingXML datahasbeenwidely studied.[MAG
�

97] did

investigatethemappingof semi-structureddatainto relationaldatabases,while [CACS94]

looks at SGML (the predecessorof XML) storagein an object-orienteddatabaseman-

agementsystem(OODBMS). [TIHW01a] is oneof the �rst to addressthe problemof

updatinghierarchicalXML datastoredacrossmultiple relationaltables.Oracle's XML

SQL Utility (XSU) [Ora02] andIBM' s DB2 XML Extender[IBM00b] arecommercial

relationaldatabaseproductsextendedwith XML support. The two mainly provide two

choicesfor managingXML data.Thechoicesareeitherto storeXML dataasa blob or

8



to decomposeXML datato relationalinstances.So problemsmay arisein caseof any

updateto theexternaldata.For the�rst choicethedataneedsto bereloadedandfor the

secondchoiceonehasto make changesat the schemalevel of the relationaldatabase.

Hencethechangepropagationfrom anexternalXML documentto its internalrelational

storageor schematicstructureis not supportedin eitherof thetwo commercialdatabase

systems.AlthoughchangesareallowedontheXML datain thesesystems,it' sdonetypi-

cally via somelimited interfaceandtheschemais considered�x edandgivenin advance.

This restrictionis imposedbecauseschemaevolution in traditionalDBMS systemstends

to beveryexpensiveanddisruptive to execute.

2.3 Incr ementalValidation andConstraint Checksfor XML

XML schemadesigndid adopttheform of constraintsprevalentin thedatabaseliterature,

however changedthesemanticsof keys, foreignkeys, anduniqueconstraints.[AFL02]

demonstratethecostlyeffectof thisslight changeon thefeasibilityof consistency check-

ing. Its shows thatevenwithout foreignkeys andwith verysimpleDTD features,check-

ing consistency of XML-schemaspeci�cation is intractable. SAXE insteadfocuseson

a subsetof coreconstraintquanti�ers andtypescheckingwhentheconsistency checkis

feasible. Regardingincrementalvalidationof the XML schema,[PV03] modelsDTDs

asextendedcontext free grammarsandthe schemaas
�

abstractedspecializedDTDs
�

allowing to decoupletypesfrom elementtags. From that, it exhibits an algorithmwith

signi�cant improvementover thebrute-forcere-validationfrom scratchalgorithmwhen

updatesconsistof elementtag renamings,insertionsanddeletions. To our knowledge

thereis no available implementationfor this approacheven thoughthe theorypart has

beenproven.SAXE [KSR02]and[PV03] havedifferentprimarygoals,SAXE mainpur-

9



poseis to provide a way of updatingwhile keepingthe consistency betweenan XML

schemaandits associatedXML data,while [PV03] focusonhow to discoverabestalgo-

rithm whenalteringanelementon theDTD or schema.
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Chapter 3

The XML Update Language

3.1 XML Query Language

Thoughit is not requiredthatXML documentsmustalwayshaveanassociatedschemata

dueto their ”self-describing”nature,many applicationdomainstendto usesomeschema

speci�cationin eitherDTD [W3C98] or XML Schema[W3C01a] format to enforcethe

structureof theXML documents.WheneverXML schemataareassociatedwith theXML

data,thenstructuralconsistency shouldalsobetakencareof duringupdateprocessing.

Supposethe userspeci�es to remove the cost of the juicer with name“Champion

Juicer”(the�rst juicer in juicers.xml). This operationwill rendertheChampionjuicer to

no longerhave a costsubelement.SuchanupdatedXML documentis inconsistentwith

theschemajuicers.xsdsincea juicer elementis requiredto haveat leastonecostsubele-

ment, indicatedas � xsd: element ref = cost minOccurs = 1 maxOc-

curs � unbounded/ � in juicer.xsd. Thisupdatewouldhoweverhavebeenallowed

for thesecondjuicer (i.e., OmegaJuicer).Somemechanismsmustbedevelopedto pre-

ventsuchviolation of structuralconsistency.
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1<xsd: schema xmlns: xsd =http://www.w3.org/2001/XMLSchema>
2   <xsd: element name = “juicers”>
3     <xsd: complexType>
4       <xsd: sequence>
5         <xsd: element ref = “juicer” minOccurs = “0” maxOccurs= “unbounded”/>
6         </xsd: sequence>
7 </xsd: element>
8   <xsd: element name = “juicer”>
9 <xsd: complexType>
10        <xsd: sequence>
11 <xsd: element ref = “name”/>
12           <xsd: element ref = “image” maxOccurs = “unbounded”/>
13           <xsd: element ref = “cost” minOccurs = “1” maxOccurs = “unbounded” />
14        </xsd: sequence>
15       <xsd: attribute ref = “quality” use = “optional”/>
16    </xsd: complexType>
17  </xsd: element>
18 <xsd:element name="name“   type="xsd:string"/>
19 <xsd:element name="cost"      type="xsd:string"/>
20 <xsd:element name=“image“type="xsd:string"/>
21 <xsd:attribute name=“quality" type="xsd:string"/>
22</xsd: schema>

Figure3.1: SampleXML Schema:juicers.xsd

<juicers>
<juicer>
<name> Champion Juicer </name>
<image> images\champion.gif </image>
<cost> 239.00 </cost>

</juicer>
<juicer>
<name> Omega Juicer </name>
<image> images\omega.jpg </image>
<cost> 234.00 </cost>
<cost> 359.50 </cost>

</juicer>
</juicers>

Figure3.2: SampleXML Doc-
ument:juicers.xml

3.2 UpdateLanguage

XQuery[W3C01c] is anXML querylanguageproposedby World WideWebConsortium

for queryingXML documents.An XQuerystatementis composedof severalexpressions.

An importantexpressionin XQueryis theFLWR expressionconstructedfrom FOR, LET,

WHEREandRETURNclauses.

1. FORandLET clauses:They serve to bind valuesor expressionsto oneor more

variables. In particular, FORis usedwhenever the binding iteratesover a list of

nodesreturnedby theexpression,while LET simplybindsthevariableto thevalue

of theexpressionwith no iteration.

2. WHEREclause(optional):It �lters thebindingsgeneratedby FORandLET clauses

by any speci�edpredicates.

3. RETURNclause:It constructsanoutputXML document.

Figure3.3givesanexampleXqueryover theXML documentin Figure3.2.Thevari-

able$piteratesovereachelementnodesatisfyingtheexpressiondocument
�

�

juicers.xml
�

12



1 FOR$p in document(“juicers.xml”)/juicer,
2 $child in $p/cost[1]
3 RETURN$child

Figure3.3: SampleXQuery

�	�

juicer (line 1). For eachidenti�ed bindingof $
 , $�
������� is boundto the �rst cost

child nodeof ��
 (line 2). Thesecostelements����������� thenarereturned(line 3).

[TIHW01b] extendsXQuery's original FLWR expressionsto accommodatethe up-

dateoperationsby introducingUPDATE...,clausesi.e.,FLWU expressions.Wewill refer

to this languageextensionof XQueryastheUpdate-XQuerylanguage.TheBNF syntax

is shown in Figure3.4 while theBNF for theUPDATEclause(subOp in Figure3.4) in

particularis shown in Figure3.5.

FOR$�����������! #" in XPath-expr, ...

LET $binding:= XPath-expr, ...

WHEREpredicate1, ...

UPDATE$binding $ subOp $ , subOp % * %

Figure3.4: Syntaxof Update-XQuery

The semanticsof FOR, LET andWHEREclausesareexactly the sameasthosein a

FLWR, while theUPDATE clausespeci�esasequenceof updateoperationsto beapplied

on thetargetnodesidenti�ed by FLW.
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DELETE$child &

RENAME$child TOname &

INSERT (new attr(name, value) &

content' BEFORE & AFTER$child ()&

$copyTarget ' BEFORE & AFTER$child ( ) &

REPLACE$child WITH (new attr(name, value) &

content &

$copyTarget)

FOR$bindingIN XPath-expr, ...

WHEREpredicate1, ...

UPDATE$binding $ subOp $ , subOp % * %

Figure3.5: BNF of subOp
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Chapter 4

Modeling XML Schema, XML Data

And Their Interrelationship

4.1 A VerboseSchema

In our currentwork, we assumetheschemais �rst-classcitizen. In this sense,anupdate

to anXML datadocumentis only allowedwhentheupdateis safe, i.e., theupdateddata

wouldstill conformto thegivenXML schemata.Without lossof generalitywechooseto

work with a verbosetypeof XML schema,sometimesreferredto as
�

salamislicedesign

schema
�

[Cor02]. A verboseschemahasa designapproachthat disassemblesinstance

documentsinto their individualcomponents.

4.2 XML SchemaModeling

In theschemawe �rst de�ne eachcomponentasaseparateelementdeclaration,andthen

assemblethemtogether. Note how the schemain Figure4.1 declareseachcomponent

individually (name, image, costandquality ) respectively at lines18, 19, 20 and21 and
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1<xsd: schema xmlns: xsd =http://www.w3.org/2001/XMLSchema>
2   <xsd: element name = “juicers”>
3     <xsd: complexType>
4       <xsd: sequence>
5         <xsd: element ref = “juicer” minOccurs = “0” maxOccurs= “unbounded”/>
6         </xsd: sequence>
7 </xsd: element>
8   <xsd: element name = “juicer”>
9 <xsd: complexType>
10        <xsd: sequence>
11 <xsd: element ref = “name”/>
12           <xsd: element ref = “image” maxOccurs = “unbounded”/>
13           <xsd: element ref = “cost” minOccurs = “1” maxOccurs = “unbounded” />
14        </xsd: sequence>
15       <xsd: attribute ref = “quality” use = “optional”/>
16    </xsd: complexType>
17  </xsd: element>
18 <xsd:element name="name“   type="xsd:string"/>
19 <xsd:element name="cost"      type="xsd:string"/>
20 <xsd:element name=“image“type="xsd:string"/>
21 <xsd:attribute name=“quality" type="xsd:string"/>
22</xsd: schema>

Figure4.1: SampleXML Schema:juicers.xsd

<juicers>
<juicer>
<name> Champion Juicer </name>
<image> images\champion.gif </image>
<cost> 239.00 </cost>

</juicer>
<juicer>
<name> Omega Juicer </name>
<image> images\omega.jpg </image>
<cost> 234.00 </cost>
<cost> 359.50 </cost>

</juicer>
</juicers>

Figure4.2: SampleXML Document:juicers.xml
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thenassemblesthemtogetherin the creationof the componentjuicer at line 8. Oneof

theadvantagesof theverboseschemais its layoutstructure,thelayoutenableusto know

whereto retrievetheneededconstraintinformationin speci�c placesof theXML schema.

All componentshaveaglobalscopeandaredirectchildrenof theschemaroot. A verbose

schemacan be extendedto other available schemadesignstylesand vice versa. For

example,Figures4.1and4.2show a verboseXML schemajuicers.xsdandits XML data

juicers.xmlconformingto theschema.They areusedasrunningsamplesin this thesis.

The XML schemais composedof a root anda setof components,wherea component

canbeof typeattributeor elementfor examplein Figure4.1 at line 8 we have a global

componentelementandat line 21 we have a globalcomponentattribute. Eachelement

componentcanin turn containattributedeclarationsor subelementdeclarationsreferring

to otherpreviously de�ned components.A componentwithout subelementdeclarations

will be consideredas an empty component. Elementsof XML dataare instancesof

componentsfrom XML schemas.

Structure of an elementcomponent: [Cor02] givesa cleardescriptionof a global or

local componentin the verbosetype schema. In this thesisthe set of all global ele-

ment componentsin an XML schemawill be referredas *,+ . Each �.-/*,+ will be

denotedby ' e type, e name, refEle Defs, refAttr Defs ( wheree type

is the type of the component� , e name is the nameof � , refEle Defs is the setof

referencedelements,andrefAttr Defs is the setof referencedattributesinsidethe

globalelement.For instancethejuicer componentde�ned at line 8 in theschemagiven

at Figure4.1 hasfor refEle Defs the setof elementsde�ned at lines 11, 12, and

13. The refAttr Defs of the samecomponentjuicer is composedof one element

de�ned at line 15. WhenrefEle Defs and refAttr Defs are empty as in lines

18, 19, and 20 in Figure 4.1, we are dealingwith a global empty component. Any

element 01- refEle Defs is denotedby ' refE type, refE name, minOc-

17



curs, maxOccurs ( whererefE type is the typeof the referredelementcompo-

nent, refE name is the nameof the referredelementcomponent,minOccurs and

maxOccurs arequanti�ers usedin the XML schemato specifyrespectively the mini-

mumandmaximumnumberof occurrencesof thereferredcomponentmayappearin an

instanceof the referringcomponent.Note that in a schemawhenneitherminOccurs

normaxOccurs arespeci�edfor areferredcomponent,theirdefaultvalueis considered

to beequalto 1.

The refEle Defs of the juicer componentin Figure4.1 is madeup with the ele-

mentdeclarationson lines 11, 12 and13: refEle Defs = $2� xsd:element ref

= name �43#� xsd:element ref = image minOccurs = unbounded / �53

� xsd:element ref = cost minOccurs = 1 maxOccurs = unbounded / �6% .

Thelasttuple � xsd:element ref = cost minOccurs = 1 maxOccurs

= unbounded / � refersto thecomponentcostde�nedat line 19in juicers.xsdschema.

costis anemptyglobalcomponent,it' s typecanbefoundat line 19 de�ned asa string.

XML usesnamenametagsaretypeidenti�cation for non-emptyglobalcomponent.

De�nition 1: A one-to-onefunctionE is usedto expressthe relationshipbetweeneach

referredelementin a global component , with  identi�ed by ' e type, e name,

refEle Defs, refAttr Defs ( . The function is E, given E : refEle Defs

7!8

*,+ , whererefEle Defs is the setof referredelementsin the givenglobal com-

ponent elementand *,+ is thesetof all globalelementsin theschema.We have 9.0:-

refEle Defs ;<*=->*,+ suchthatE( 0 ) = * with 0 .refE name = * .e name. And 0 is

assignedrefE type which is equivalentto thetypeof * (e type ).

refAttr Defs is the setof referredattributesin a global componentelementof the

schema. An attribute node ?��@- refAttr Defs can be denotedby ' refA type,

refA name, refA use ( whererefA type is thetypeof thereferredattribute,refA name

18



is the nameof the referredattribute, and refA use indicateswhetherthe attribute is

required, optional or even prohibited. If a default or �x ed valueis speci�ed in the at-

tribute declarationthenthe valuerefA use mustbe optional. For example,in Figure

4.1 the only elementof refAttr Defs in the componentjuicer is at line 15. It has

for refA nameandrefA type respectively qualityandstringwhicharethenameand

typeof thereferredattribute. Its refA use valueis optional.

Structure of an attrib ute component:

The setof all global attributecomponentsof a schemais referredas ?#+ . The structure

of a global attribute componentis de�ned by ' a type, a name( wherea name and

a type arerespectively thenameandtypeof thereferencedattribute. In juicers.xsdin

Figure4.1we have only oneglobalattributecomponentde�ned at line 21 asa name �

qualityanda type � string .

De�nition 2: A one-to-onefunctionA is usedto expressthe relationshipbetweeneach

referredattribute in a global component , with  A�B' e type, e name, refEle

Defs, refAttr Defs ( . ThefunctionA,givenby A : refAttr Defs 7!8 aCwhere

refAttr Defs is thesetof referredattributesin a givenglobalcomponent and ?#+

thesetof all attributede�nitions in theschema.9C?���0D- refAttr Defs ;E?=-F?G+ such

that ?���0 .refA name= ? .a name. And ?���0 is assignedanidenti�er refA type , which

is thetypeidenti�ed in ? (a type ).

4.3 XML Data Modeling

An XML documentis de�ned by its namereferredto asxmldocanda set H of ordered

labelednodes,whereeachelementnodeis aninstanceof onecomponentin its associated

XML schema.Every elementnodehasa directparent.Theroot is thedirectchild of the
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Schemadocument.

Structure of an element node. Any elementnode �I-/H is identi�ed by ' type,

name, subEles, attrs, value ( wheretype is the type of the elementnode,

name is thenodetagname,subEles is a setcomposedof thedirectchildrennodesof

� , attrs is a setcontainingtheattributesof theelementnode,andvalue thevalueof

the element.An elementnodewith an emptysubEles is calledan emptyelementor

a leaf. A non-leafelementnodedoesn't have an value ; thusit could be identi�ed as

[type, name, subEles, attrs, J ]. An elementnodeleaf will obviously have

no childrensoit canberepresentedas[type, name, J ,attrs, value ]. Most of

thetime thetype of a leaf is abuilt-in datatypesuchasintegeror string.

In particular, subEles canbeexpressedastheunionof setsof sub-elements,eachsub-

elementgroupingelementnodesof thesametype.

subEles �

KML�N

O

KPL�Q�R,S

�UT=��*

R

KWV

Eachsubset
RXS

�UTE�Y*

R

K is characterizedby two identi�ers: The typeandtagnameof the

elementsit is holding. Theidenti�ers will bereferredrespectively as: Z\[]
^*

RXS

�UTE�Y*

R

K and

Z\?_ 

R,S

�UT=��*

R

K .

For anillustrativeexample,let's take thejuicers.xmlin Figure4.2. Theelementnode

juicer[2] hastype juicer, its name is alsojuicer, andits setsubEles is composedof

its directchildrenis: $�� name> Omega Juicer </name � ,

� image � image
�

omega.gif � /image � ,

� cost � 234.00 �

�

cost � ,

� cost>359.50</cost �`% .

subEles is madeof threedifferentsubsets,eachsubsetis composedof elementsof same

nametag. Theidenti�ers Z\?� 

RXS

�UT=��*

R

K and Z\[]
^*

RXS

��TE��*

R

K of eachsubsetrespectively are
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$ cost, string% , $ image, string% and $ name, string% . Note that if we weredealingwith a

complexTypecomponentthe identi�er Z\[]
^*

RXS

�UTE�Y*

R

K and Z\?_ 

RXS

�UT=��*

R

K will be thesame

dueto thefact thatXML usesin somecasestagnamesastype identi�cation. So in this

casesubEles is composedof threesubsetsenumeratedfrom 0 to 2.

RXS

��TE��*

R

Q

� $�� name� Omega Juicer �

�

name�a%

RXS

��TE��*

R

"b�c$�� image > image
�

omega.gif �

�

image �D%

RXS

��TE��*

R,d

= $�� cost � 234.00</cost � , <cost � 359.50</cost �e%

De�nition 3: Let � be denotedby ' type, name, subEles, attrs, value ( ,

and

R

?�fA*
g`[]
^*Eh subEles 8

KPL�N

O

KPL�Q�RXS

�UTE�Y*

R

K

eaoneto onefunction,wheresubEles thesetof directchildrenof � , andan
RXS

�UT=��*

R

K

groupselementof ( subEles)having thesametype. sameType(b)=
R,S

�UT=��*

R

K if f � .name

= Z\?_ 

RXS

�UT=��*

RXi

and � .type = Z\[]
^*

RXS

��TE��*

R,i

Example: We have:

sameType( � cost � 234.00 �

�

cost � ) =
RXS

�UT=��*

R,d

because� cost � 234.00 �

�

cost �j-

R,S

�UT=��*

R,d

An attribute ?E- attrsidenti�ed by aname,typeandvalue[attr type, attr name,

attr value ], whereattr type , attr name andattr value arethetype,name

andvalueof theattributerespectively.

4.4 Mapping betweenXML Schemaand XML Data

We now presentrelationsthat exist betweenan XML documentand its given XML

schema.A setof constraintsis describedin theschemaandtheXML documentshould
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conformto theseconstraints.In anXML documenteachelementor attributeis uniquely

typed,thatis eachelementnodeis aninstanceof auniquecomponentnodefrom its asso-

ciatedschema.A mappingfunctionwill beusedto expressthebi-directionalrelationship

betweenanXML documentandits schema.Thefunctionis typeof, denotedby typeof:

H

7!8

*,+ , where H is the setall elementnodesof the XML dataand *,+ is the setof

globalelementcomponentson theXML schema.Thetypeoffunctionensuresthatif �k-

Hl;:�e-.*,+ suchthattypeof(� ) = � .e type

Element Translation Function: Let � bea non - emptyelementnodeof H and � bea

globalelementcomponentof *,+ suchthat typeof(� )= � .e type . A translationelement

functiontypeofElemapsthesetof directchildrenof � with thesamenametagto thecor-

respondingelementdeclarationin � . This meanseach
RXS

�UT=��*

R

K of subEles is mapped

to thecorrespondingelementin refEle Defs .

typeofEle: subEles 7m8 refEle Defs , for 0n- refEle Defs andtypeofEle(
RXS

�UT=��*

R

K )

= 0po<qr9s�t-

R,S

�UT=��*

R

K wehave: � .name= 0 .refE nameand � .type = 0 .refE type .

Illustrati veExample: Let � bethejuicer[2] elementnodeof juicers.xmlin Figure4.2,

RXS

��TE��*

R

Q = $�� name> Omega Juicer </name �u% ;

RXS

��TE��*

R

" = $�� image > image & omega.gif </image �6% ;

RXS

��TE��*

R,d

= $�� cost> 234.00</cost � 3.� cost � 359.50 �

�

cost �6% .

The component� xsd:element ref � "cost" minOccurs � "1" maxOccurs

="unbounded"/ � de�nescostin juicer[2].

typeofEle(
RXS

�UTE�Y*

RXd

) = � xsd:element ref="cost" minOccurs="1"

maxOccurs="unbounded"/ �

where0 .refE name is costand 0 .refE type is string.

Attrib ute Translation Function: Let �v-wH be an elementand �5-v*,+ be an element

componentof aschemasuchthattypeof(� ) = � .a type . An attributetranslationfunction

typeofAttrmapseachattributeof � to thecorrespondingattributedeclaration(elementof

22



refAttr Defs ) of thecomponentnode� . Let ? beanelementof ?�ZWZ\0 andadanelement

of refAttr Defs , we have typeofAttr: ?_ZWZ\0

R

7�8 refAttr Defs . With typeofAttr

( ? ) �x?��yo<q a.attr name = ad.a name anda.attr type = ad.refA type .
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Chapter 5

Consistency Under XML Data And

XML Schema Updates

5.1 Consistencyfor XML Data Evolution

An XML documentis well formedif it meetsall speci�cationsof theWorld Wide Web

standard[W3C01b]. A well-formedXML documentcan in additionbe valid if it has

anassociatedschemaandif it agreeto all constraintsexpressedin theschema.We now

introducethenotionof validity by presentingrulesthatshouldholdfor anXML datadoc-

umentto bevalid with respectto its schema.Eachrule is a necessaryconditionto assure

thevalidity of theXML document.WemaketheassumptionthattheXML documentand

its schemaarewell-formedbeforeany updateis attempted.Thesetof all elementnodes

of theXML datadocumentwill bereferredto as H andthesetof all componentnodesof

theschemawill bereferredas z .
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5.1.1 Rulesof ConsistencybetweenData and Schema

Rule 1: Quanti�er Constraint Rule

Let � bea componentelementnodefrom theschema
R

and � be its instanceelementin

the XML datadocumentnode. This rule guaranteesthe minimum andmaximumnum-

ber of times the referredcomponentin � is allowed to appearasa direct child on the

instance� . We alreadyknow 9{0=- refEle Defs if �`-

RXS

�UT=��*

R

andtypeofEle( � ) = r

and �a-

RXS

�UT=��*

R

K thenthetranslationelementfunctiontypeofElein Section4.1givesus

Z\[]
^*,|�}!T=��* (
RXS

�UT=��*

R

K ) � r V Sotwo conditionsshouldhold:

(1.) &

RXS

�UT=��*

R

K

&•~ r.minOccurs .

(2.) &

RXS

�UT=��*

R

K

&•€ r.maxOccurs .

For exampleat line 12 in Figure4.1 the referencedcomponentimage hasfor maxOc-

curs the valueunbounded. minOccurs is not speci�ed, thus its default value is 1.

Consequentlyeachinstancenodejuicer in the XML documentjuicer.xml in Figure4.2

musthaveat leastoneimageelementnodeasdirectchild.

Rule 2: Attrib ute Constraint Rule

If acomponentelement� hasanattributedeclarationwith its refA use setto required,

thenany instance� of � in theXML datadocumentmusthavethisattribute.If refA use

is setto beoptional thentheinstancenodemayor maynothave theattributede�ned.

92?��•- refAttr Defs oneof thefollowing shouldhold:

1. if ?�� .refA use =
�

required
�

then ;‚?ƒ- attrs of n suchthat typeofAttr( ? ) = ?��

wheretypeofAttris thetranslationattributefunctionalreadyde�ned in Section4.4. This

is equivalentto: ?�� .a named = ? .attr name and ? .attr value = ?�� .refA type .

2. if ?�� .refA use= "optional" thenwe haveeither
�

a
�

or
�

b
�

casebelow
�

a
�

92?•- attrs , typeofAttr( ? ) „� ad |…0

( � ) ;ƒ?1- attrs suchthat ?�� .refA name = ? .attr name and ? .attr value =

?�� .refA type .
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Rule 3: ElementNodeValidity Rule

Thisrulegroupsall necessaryconditionsthatanelementnodein theXML datadocument

mustmeetin orderto becalledvalid.

9<�ƒ-.Hl;:�e- Ssuchthatthefollowing conditionsmusthold:

1. � .type = � .e type

2. � .name = � .e name

3. 9j�k-

RXS

�UTE�Y*

R

;†0@- refEle Defs such that typeofEle
�

subElesK ) � r with �k-

RXS

��TE��*

R

K we have: a) &

RXS

�UT=��*

R

K

&•~ r.minOccurs andb) & subElesK

&‡€ r.maxOccurs .

4. 9s?=- attrs ;u?��5- refAttr Defs suchthat ? .attr name= ?�� .refA nameand

?�� .refA use „� ”prohibited”

5. 9A?{- attrs if typeofAttr( ? ) = ?��ˆ�‰q ? .attr type = ?#� .refA type . This con-

dition makessurethattheattributeof theelementnodeis of thecorrecttype.

Rule 4: Attrib ute NodeValidity Rule

Therule givesthenecessaryconditionsfor anattributenodeto bea valid attributeof � .

1. 9k?ƒ- attrs ;F?��ƒ- refAttr Defs suchthat ? .attr type = ?�� .refA type ,

? .attr name �y?�� .refA name where ?�� .refA use � ”r equired” or ?�� .refA use

� ”optional” .

2. 9=?5- attrs , 9 x - attrs 7

$]?Š%Œ‹ .attr name „� a.refA name. Thisruleprevents

to duplicatenametagattributes.

5.1.2 Application of Constraint Rulesfor the XML Data Update

ChanginganXML documentis only allowedif it doesn't violateany of therulesstated

above. Ourassumptionis theXML documentandits schemaarevalid beforeany update

is attempted.Table5.1 summarizesthe rulesthatmay be violatedwhenperformingan

update.Thetableclassi�estherulesthatmustbecheckedwheneveranupdateof acertain
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occur. 1

UpdateOperation Rulesto check Descriptions

delElePassed•�Ž

KM•‘•

Rule1condition1 Remove child from list targetelementnode

delAtrPassed•�Ž

KM•‘•

Rule2 Deleteanattributenode

insElePassed•�Ž

KM•’•

[ before “ after ” child• ] Rule3 Insertanelementnode

insAtrPassed–X—Y˜ ™›šMšMœ ( – , • ) Rule4 Insertanattribute for anelement

renameElt•YŽ

KM•‘•

to Rule3andRule1 Renamethetagnameof anelementnode

renameAtr•�Ž

KM•‘•

to Rule2condition1andRule4 Renamethetagof anattributenode

replaceE•�Ž

Kž•’•

with c Rule1 andRule3 Replaceanelementnode

replaceEV•�Ž

KM•‘•

with Rule1 andRule3 Replacethevalueof a leafelementnode

replaceA•�Ž

KM•‘•

with new attr(– , • ) Rule2 andRule4 Replaceanattributenode

replaceAV •YŽ

KM•‘•

with Rule2 andRule4 Replacethevalueof anattributenode

Table5.1: ConstraintChecksClassi�edBy DataUpdateTypes

ExampleWith delElePassed:

We will show how theupdateoperationsmaintainthesystemintegrity by usingtherules

above for a deleteelementoperation. delElePassed deletesan elementnodefrom

theXML datadocument.Validation: Let * the targetelementnodeto bedeletedand 


' type, name, subEles, attrs ( its directparentnode.After thedeletewe want

to makesurethatthenode
 is still valid. Weassumeeverynodeis valid beforeanupdate

is tried. Theonly rule thatcanaffect thevalidity of theelement
 , which is an instance

of somecomponent� in theXML schema,is Rule1 condition1. By * beinga child of 


then *a- subEles , wheresubEles is composedof unionof severalsets
RXS

�UT=��*

R

K (see
1More informationaboutthesafedataupdatequeriescanbefoundin AppendixA.
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Section4.3),wheretheset
RXS

�UTE�Y*

R

K groupsthedirectchildrenof 
 having thesametype

elementnode.UsingDe�nition 3 of section4.1, ;

RXS

�UTE�Y*

R

K suchthat *5-

R,S

�UT=��*

R

K , the

translationfunction Z\[]
^*,|‡}�T=��* gives Z\[…
Š*,|�}�TE��* (
RXS

�UT=��*

R

K ) = 0 , where 0 is anelement

referredto in � . FromCondition1 of Rule1 theXML datadocumentis valid with respect

to theschemaafterthedeletiononly if 0 .minOccurs €Ÿ&

RXS

�UT=��*

R

K

&

7 1.

We illustratehow theconstraintcheckingis donefor thedeleteelementnodein our

runningXML datadocumentexampleusingXQuery. TheschemaChkDelEle in Fig-

ure 6.4 queriesthe schemafor the information relatedto the constraintsthat may be

violatedwhendeletinganelement.Deletinganelement* of elementtype Z canonly vi-

olatetheconstraintof a requiredminimumoccurrenceof theelementsof type Z asdirect

child * 's parent. schemaChkDelEle retrievesthe minimum occurrenceof elements

$childEleNamein theparenttypeparentEleName. In particular, line 2 queriestheXML

schema�le, speci�edby the�le name$xsdName, to �nd theelementde�nition $pDeffor

type$parentEleName. Theelementde�nition of parentEleName's subelementreferring

to typechildEleNameis storedin $childRefin line 3. Line 4 thenretrievestheminimum

occurrenceof elementtypechildEleNamein parentEleName.

Function schemaChkDelEle($xsdName,$parentEleName,
$childEleName)
1  

2 For $pDef In document($xsdName)/xsd:element[@name=
$parentEleName],
3 $cRefIn $pDef//xsd:element[@ref= $childEleName]
4 Let $cRefMinOccurs:=$cRef/minOccurs
5 Return$childRefMinOccurs
6 ¡

Figure5.1: ConstraintCheckingFunction
schemaChkDelEle

Function delElePassed($childBinding, $childBindingPath,
$childMinOccurs)

ReturnBoolean
1  

2 LET $childInstCount:= count($childBindingPath),
3 Return
4 If ($childMinOccurs¢ = $childInstCount- 1
5 ThenTRUE
6 ElseFALSE
7 ¡

Figure5.2: ConstraintCheckingFunction
delElePassed

Figure6.2 shows the rewritten Update-XQueryfrom the Update-XQueryin Figure

6.1. Thereis oneupdateoperationin the query, i.e., DELETE $c in line 4. We can
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seethat lines 3, 5 and62 in Figure6.2 have beeninsertedinto this updateoperationso

that this updateis only executedwhen delElePassed(...) (line 5) returnstrue.

delElePassed(...) is a constraintcheckfunction which determinesthe validity

of the updateDELETE $c . The subqueryschemaChkDelEle(...) in line 3 is a

function that providesinformationthat is neededby delElePassed(...) to make

thedetermination.

1 FOR$p in document(“juicers.xml”)/juicer,
2 $c in $p/cost[1]
3 UPDATE $p  

4 DELETE$c
5 ¡

Figure5.3: SampleUpdate-XQuery

1 FOR$p in document(“juicers.xml”)/juicer,
2 $c in $p/cost[1]
3 LET $constraint =
schemaChkDelEle(“juicers.xsd”,“juice r”,“c ost”)
4 UPDATE $p  

5 WHERE delElePassed($c,$p/cost,$constraint)
6 UPDATE $p  

7 DELETE$c
8 ¡

9 ¡

Figure5.4: SampleSafeUpdate-XQuery

5.2 Consistencyfor XML SchemaEvolution

XML schemasupportsavarietyof atomictypes(e.g.,string,integer, �oat, double,byte),

complex typeconstructs(e.g.,sequenceandchoice) andinheritancemechanisms(e.g.,

extensionandrestriction). The descriptionof XML schemadid not adoptall the con-

straintsprevalent in the databaseliterature. While consistency checkingof an XML-

Schemaspeci�cationis intractablein certaincases[AFL02], checksfor theSAXE sys-

temfocuson constraintchecksconcerningtypechecking,componentvalidity checking,

attribute andelementvalidity, andparticlevalidity suchasthe quanti�er minOccurs

andmaxOccurs values.Thereasoningaboutconstraintvalidationin SAXE is basedon

incrementalconstraintchecks,andan updateis allowed on the schemaonly if it leaves

both the XML schemaandthe XML databoth valid andconformingto eachother. A
2line 6 is addedonly to meetthesyntaxrequirement.

29



well formedXML schemameetsall the speci�cationsof the World Wide Web consor-

tium [W3C01a]speci�cationandall associatedXML datashouldconformto constraints

on theschema.As for dataconsistency we introducerulesthatwill guaranteethenotion

of validity for theevolving XML schema.Eachrule is a necessaryconditionof validity

of theXML schema.We alsomake the assumptionthat theschemais valid beforeany

attemptof onalteringtheschemais made.

5.2.1 Constraint Rulesfor XML Schema

Wepresentin thissectionrulesthatguaranteeanXML schemais valid aftermodi�cation.

The rulesarebasedon the speci�cationsof the World Wide Web standard[W3C01b].

Thestructureof theschemausedis verbose[Cor02], meaningthat in suchschemastyle

the direct or immediatechildrenof the schemaroot are referredto asglobal elements

andlocal whenthey arenestedin anothercomponent.In Figure4.1 the root is element

<xsd:schema> .

Rule 5: SyntaxRule

This rule guaranteesthat elementand datatypesusedto constructschemasoriginated

from the namespace.SAXE updateoperationscanmanipulatesafelyany elementbe-

longing to the targetednamespace.The annotationsusedto constructSAXE schemas

are: schema, element , attribute , complexType , andsequence , this canbe

con�rmed by looking at any elementon theschemajuicers.xsdin Figure4.1 wherethe

namespacevariablesusedare: $ xsd:schema , xsd:element , xsd:attribute ,

xsd:complexType , andxsd:sequence % . Eachof theelementsof theschemahas

apre�x "xsd:" which is associatedwith thenamespacethroughthedeclaration.Below

is thelist of namespacevariablesthatcanbemanipulateby SAXE:

1. xsd:element
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2. xsd:attribute

3. xsd:complexType

4. xsd:sequence

Rule 6: Position Rule

This rule guaranteesthatany componentnode,beit a globalnodeor a local node,is in a

properpositionwithin theschema.A schemasatis�esthePositionRuleif thefollowing

conditionshold:

1. Let 0 bereferredelementin acomponentof theschemawith namespacexsd:element ,

having ref anda valuerefE name asattribute,then ;•�`-ƒ*,+ ( thesetof global

componentsof the schema) suchthat 0ƒ-x� .refEle Defs . � is a non-empty

globalelementnode.

Thisconditionensuresthatareferredelementnodewith namespacexsd:element

is in a properpositionwith respectto theschema.A referrednodeshouldbeposi-

tionedasa local elementof theschema,e.g.,if we look at the juicers.xsdschema

in Figure 4.1 the referredelementsat lines 11, 12, 13 are local elementshav-

ing asimmediateparent<sequence
�

>, which in turn hasfor immediateparent

<complexType
�

>.

2. Let 0 beanelementof theschema,having ref andvaluerefA name asattribute

then ;{�u-1*,+ suchthat 0C-1� .refAttr Defs . � is a non-emptyglobalelement

node.

Thisconditionensuresthatareferrednodewith namespacexsd:attribute is a

localelementof theschema,it hasasimmediateparenttheelement<complexType
�

>.
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In Figure4.1 the non-globalcomponentjuicer refersin line 15 to quality, the re-

ferredelementinn line 15 hasasimmediateparent<complexType
�

>.

3. Let � be an elementof the schemawith an attribute name anda valuee name,

� be an immediatechild of the root <schema
�

>. This conditionguaranteesthe

position of a global elementin a verbosestyle schemawhich SAXE uses. For

example,lines2, 8, 18,19,20and21areimmediatechildrenof theroot<schema
�

> in juicers.xsdFigure4.1.They haveall anattributename identifying them.

4. An element<xsd:complextype
�

> of the schemais a local componentand,

hasfor immediateparentacomponentnamede�nition andfor immediatechild the

node<sequence
�

>.

For instanceall theelementsof theschemain Figure4.1de�nedwith xsd:complex-

Type havefor immediatechildren<sequence
�

>. For examplelines3 and9have

respectively lines4 and10 (bothcorrespondingto <sequence
�

>) asimmediate

child. The immediateparentof lines 3 and9 arerespectively lines 2 and8; both

elementshaving anattributevaluename.

5. An element<xsd:sequence
�

> is a local elementof theschemaandhasasim-

mediateparenttheelement<xsd:complexType
�

>.

6. An elementwith namespace<xsd:element> andhaving ref asattribute has

for immediateparentthe element<xsd:sequence> . In Figure 4.1 we have

the elementsat lines 11, 12, 13 which all have as immediateparentthe element

<sequence
�

> at line 10.

7. An elementwith namespace<xsd:attribute> andhaving ref asanattribute

hasfor immediateparent<xsd:complexType> . Line 15 in Figure4.1 hasas
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immediateparent<xsd:complexType> at line 9.

Rule 7: Referred ElementRule

Thisruleguaranteesthecorrectnessof areferredelementontheschema.950e- refEle Defs

de�ned by ' refE type, refE name, minOccurs, maxOccurs ( thenthefol-

lowing conditionshouldhold:

1. refE name „� emptystring.

Thisguaranteesthevalueof refattributefor theelement0 notbeingnull. In Figure

4.1weseethateachreferredelementhasrefandits valueassigned.

2. ;s*D-‚*,+

�

0 .refE name = * .e name.

For instancein Figure4.1 any referrednodeis anexisting de�ned globalelement

nodeof theschema.For examplelines11,12,13 areall de�ned in line 18,19 and

20respectively.

3. The minOccurs and maxOccurs attribute and their value are not required,when

declaredtheir valuehasto besetto apositive integer.

Rule 8: Referred Attrib ute Rule

This ruleguaranteesthewell-formenessof a referredattributenodein theschema.

9<?#0u- refAttr Defs de�ned by ' refA type, refA name, refA use (

if ?�0 is referredlocally in acomponentelementnodethenit is valid if thefollowing con-

ditionshold:

1. refA name „� emptystring.with refA name beingthevalueof ref .

For instancein Figure4.1at line 15 theref valueis notnull.
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2. ;•?_Zp-k?#+ ( thesetattributecomponentof theschema) suchthat ?#0 .refE name

= ?_Z .a name

For instancein Figure4.1 thereferredquality componenthasbeenalreadyde-

�ned by theglobalcomponentnodein line 21.

3. use with its assignedvaluerefA use arenot required,but whendeclaredthe

valueshouldnot be null. The possiblevaluesof use we canmanipulateaccord-

ingly in SAXE: areoptional , required andprohibited .

Rule 9: ElementComponentValidity Rule

This ruleguaranteesthevalidity of aglobalelement.

Let �u-1*,+ , where �£�¤' e type, e name, refEle Defs, refAttr Defs ( .

Then � is well-formedandvalid if thefollowing conditionsaresatis�ed:

1. 9<�e-.*,+ , ¥¦‹A-.*,+ suchthat � .e name = ‹ .e name.

Thisguaranteesthatno duplicationof globalcomponentnamesoccurs.

2. xsd:element is thenamespaceusedfor declaring� . For instancein Figure4.1

xsd:element is usedfor the declarationof juicer andcost at lines 8 and18

respectively.

3. If � is of complex type,thenname is theonly attributefor theelementnodedecla-

ration. For exampleline 8 of juicers.xsdschemain Figure4.1 thecomponenthas

for name juicer.

4. If � is notdeclaredascomplex type,thenrefEle Defs �¨§ , refAttr Defs �

§ , andthename with valuee name „� emptystring.

Thesecondpossibleattributethatcanbeassignedto � is typewith valuee type. For

instancelines18,19and20 in Figure4.1thejuicers.xsdschema.
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5. If refEle Defs „�¨§ thenwehave therequirementbelow:

(a) An element<xsd:complexType/> is an immediatechild of an element

de�ned with thenamespace<xsd:element
�

> having oneattributewhich

is name, e.g.,line 9 of juicers.xsdschemain Figure4.1.

(b) An element<xsd:sequence/> mustbeanimmediatechildof � xsd:comp

lexType
�

� . For exampleline 10 of juicers.xsdschemain Figure4.1.

(c) Elementsbelongingto thesetrefEle Defs musthaveasimmediateparent

� xsd:sequence
�

� . For examplethe referredelementon the juicer

componentin lines 11, 12 and 13 in Figure 4.1 have as immediateparent

<xsd:sequence
�

> at line 10.

6. If refAttr Defs „�x§ thenwehave:

(a) The element<xsd:complexType
�

> is immediatechild of the element

namedeclaration,e.g.,line 9 of juicers.xsdschemain Figure4.1.

(b) 9E0n- refAttr Defs , 0 hasasimmediateparent<xsd:complexType/> ,

e.g.,the referredelementin the juicer componentat line 15 in Figure4.1

hasfor immediateparent<xsd:complexType/> at line 10.

Rule 10: Attrib ute ComponentValidity Rule

This ruleguaranteesthevalidity of theelementattributedeclaration�`-A?#+ .

Let � beidenti�ed with ' a type, a name( , � is well formedandvalid if thefollowing

conditionshold:

1. 9@�{-©?#+ , „;¦‹©-©?#+ such � .a name = ‹ .a name. This guaranteesthat global

componentnamesarenotduplicates.

2. Thenamespaceusedfor thecomponentattributedeclarationis xsd:attribute .

For examplein Figure4.1its quanlitycomponentat line 21.
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5.2.2 Application of Constraint Rulesfor SchemaUpdate

Changingan XML schemais only allowed if it leavesthe schemaandXML datavalid

andconformingto eachother.

As we did whenwe weredealingwith changesthatoriginatedfrom the XML data,the

purposeherealsois to generatea safeupdatequeryfrom an XQuery statementwritten

with the intent of altering the schema.Contraryto dataupdateswhereonly the XML

datais alteredduringtheprocess,updatingtheXML schemamayresultin alteringboth

the XML schemaandthe XML data. The safeXQuery or XQueriesgeneratedshould

leave the XML documentsin a consistentstate. Dependingon the type of updates,the

safequeriesembedthe rulesthat shouldhold, andensureanupdatewill not violate the

validity of theschemanortheXML data.Table5.2summarizestherulesthatshouldhold

wheneveranupdate's intentis to altertheschema.

Application With rep Glo EleName:

Thepurposeof thisexampleis to show how thesystemintegrity is keptduringtheschema

modi�cation. rep Glo EleName is a querythat is written with an intentof replacing

thenameof a globalcomponentelementwith namespacexsd:element . An example

will be to replacethe nameof the componentsmalljuicer at line 19 by anothername

suchasnewnamein Figure7.1 locatedin Section7.1. This updatecaseis equivalentof

changingthetypeof a non-emptycomponentfrom theschema.Validation: Let *u-¦*,+

bethetargetelementnode,with e nameoldname, andwewantto replacee namevalue

with newname. Theaimis thatafteralteration,themodi�ed component* andtheschema

mustbevalid. Weassumethattheschemais valid beforeany updateis tried. Thechanges

hereaffect * , precisely* .e name,soany componentof theschemathatdependson * need

to be adjusted.Also the instancesof * in the XML dataneedto be updated.Let *:�

' e type, e name, refEle Defs, refAttr Defs ( . Beforetheupdatewe have
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Query Update RulesTo Check Comments
del Glo Ele Rule7 (2) ; Rule3 (3) Querydeletesglobalcomponentwith xsd:elementasnamespace

del Glo Atr Rule8 (2) ; Rule4 (1) Querydeletesglobalcomponentwith xsd:attributeasnamespace

del Ref Ele Rule6 (6) ; Rule3 (3) Querydeletesreferredcomponentwith xsd:elementasnamespace

del Ref Atr Rule6 (7) ; Rule4 (1) Querydeletesreferredcomponentwith xsd:attributeasnamespace

del min Rule7 (3) ; Rule1 (1) QuerydeletesminOccurs

del max Rule7 (3) ; Rule2 (2) QuerydeletesmaxOccurs

del use Rule8 (3) ; Rule4 (1) Querydeletesuse

ins eltName Rule5 (1) ; Rule6 (3) Queryinsertsanelementwith nameattributeas ¢ xsd:elementname=”value”ª

ins attrName Rule10 (2) Rule5 (2); Rule6 (3) Queryinsertsanelementwith nameattributeas ¢ xsd:attributename=”value”ª

ins compType Rule5 (3) , Rule6 (4) Queryinserts¢ xsd:complexTyeª

ins seq Rule5 (4) , Rule9 (5 b) Queryinserts¢ xsd:sequenceª

ins type Rule9 (4) Queryinsertstype for ¢ xsd:elementname=”aname”type=”atype”ª

ins ref Ele Rule7 (1,2); Rule3 Queryinsertsreferredcomponent¢ xsd:elementref =”aname”«!ª

ins ref Atr Rule8 (1), 2; Rule4 Queryinsertsreferredcomponent¢ xsd:attribute ref=”aname”«!ª

ins Min Rule7 (3) ; Rule1 (1) QueryinsertsminOccurs

ins Max Rule7 (3) ; Rule1 (2) QueryinsertsmaxOccurs

ins use Rule8 (3) ; Rule4 (1) Queryinsertsuse

rep ref Ele Rule7 ; Rule3 (1,2,3) Queryreplacesreferredcomponent

rep ref Atr Rule8 ; Rule4 Queryreplacesreferredcomponent

rep Glo EleName Rule6(3),Rule9(1),Rule7(2);Rule3(3) Queryreplacesthenameof aglobalcomponentnamespacexsd:element3

rep Glo AtrName Rule10 (1)Rule9 (6 b); Rule4 Queryreplacesthenameof aglobalcomponentnamespacexsd:attribute

Table5.2: ConstraintChecksClassi�edBy SchemaUpdateTypes
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* .e name � oldname, aftertheupdatewewant * .e name � newname.

Changing* .e name will not violate the SyntaxRulebecausechangesfor this evo-

lution casedo not affect the namespaceof the component.Beforestartingthe update

processone shoulddeterminethat the nodetargetedfor this namechangeis in fact a

global componentin the schema.This is doneby checkingcondition3 of the Position

Rule. With * beinga global componentelementof the schema,updatingthe nameof

* will not have an impacton referredattributesof the schema.So thereis no needfor

checkingReferred Attribute Ruleconditions. After alteration * shouldbe a valid com-

ponent ' e type, e name, refEle Defs, refAttr Defs ( . Herewe aremod-

ifying * .e name, condition1 of ElementComponentValidity Ruleguaranteesthe non

duplicationof the global componentin the schemaso this shouldbe consideredduring

this updateprocess.Anotherimportantfact to verify is condition2 of theReferredEle-

mentRule, theconditionguaranteescomponentreferringto thealterednodearestill valid.

To checkthevalidity of theinstancesof thetargetnode* in theXML data,condition3 of

ElementNodeValidity Ruleshouldbechecked.

We illustratehow the rule checksaredoneusingXQuery; our runningexamplein

Figure5.5 is a querywritten with the intent of renamingthe componentsmalljuicerat

line 19 in Figure7.1. For suchaquerytwo safequerieswill begenerated(seeFigure5.6

for thetemplatesof thegeneratedqueries).Onequeryis usedto updatetheXML schema

safelyandthesecondoneis usedfor theXML dataupdate.

1 For $p in document(“juicers.xsd”)/xsdh element[@name=smalljuicer]
2 Let $childatr:= $p/@name
3 Update$p $

4 replace$childatrwith
�

newName¬ ¬

5 %

Figure5.5: SampleXQueryFor RenameComponentName

The original queryis rewritten by insertingthe necessarychecksin orderof allowing a
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For $p in document(”juicers.xsd”)/xsdh element[@name=smalljuicer]

Let $childatr:= $p/@name
Insert SchemaChecks

Update$p $

If Conditions Satis�ed Update

replace$childatrwith
�

newName¬ ¬

%

Query For Data Updates

Figure5.6: TemplateFor thegeneratedQueries

safeupdateontheschema.And anew queryis generatedfor thedataupdates.In thetable

5.2, for rep Glo EleName oneneedsto checktheRule6(3),Rule9(1), Rule7(2) and

Rule3(3). We alreadywentover themon thevalidationpartabove. They aretranslated

into XQuery in Figure5.7. Checksfor Rule6(3) which is PositionRuleCondition3 are

in line 3. The statementtries to �nd if the the root of the XML schemais a direct par-

entsmalljuicercomponentto be renamed.The retrieved informationis storedin $pval.

$pval helpsidentify if thenameto berenamedis aglobalcomponentnode.If it is not the

casetheupdatewill not beallowed. This canbefoundat line 7 of thesame�gure. Line

5 queriesinformationthatguaranteesRule9(1) is equivalentto condition1 of theEle-

mentComponentValidity Rule. In casethereis alreadyin theschemaaglobalcomponent

namewith newnameit is storedin $child. And if $child is emptythenline 7 of Figure5.2

showstheupdatewill notproceedbecausewedon't wantduplicateglobalcomponentsin

theschema.At line 9 in thesame�gure theXQueryfunctionreplaceRefSchemakessure

thattheRule7 (2) condition2 of ReferredElementRuleholds.It will updateany element

of the schemareferringto smalljuicerto now refer to newName. For moreinformation

concerningreplaceRefSche seeFigure5.8. An XQuery is alsogeneratedfor the XML
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data.Thefollowing paragraphtalksaboutit in details.

1 For $p in document(“juicers.xsd”)/xsdh element[@name=smalljuicer]
2 Let $childatr:= $p/@name
3 Let $pval := $p/parent h­h^®

�

@xmlns:xsd,
4 $cntpval := count($pval),
5 $child := $p/parent::*/xsd:element[@name=newName”],
6 $childexist := count($child),
7 Where $cntpval = ”1” and $childexist=”0”
8 update$p $

9 Where replaceRefSche(”juicers.xsd”, ”smalljuicer”)
10 update$p $

11 replace$childatrwith
�

newName¬ ¬

12 %

13 %

Figure5.7: SafeXQueryGeneratedFor SchemaUpdates

The XQuery statementin Figure 5.9 updatesthe XML data. Line 1 storesall the

instancesof type smalljuicer in $child. The instancesarethenupdatedto newNameat

line 4.

FunctionreplaceRefSche(“juicers.xsd”, “smalljuicer”, ”newName”)
1 $

2 For $prefin document($schemadoc)//xsd:element[@ref=$childBindRefName],
3 $rRefin $pref/@ref
4 update$pref$

5 replace$rRefwith newName
6 %

7 %

Figure5.8: FunctionFor SchemaUpdatesreplaceRefSche
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1 For $child in document(“juicers.xml”)//smalljuicer
2 let 
ƒh¯� child/parent::*
3 Update$p $

4 rename$child to ”newName”
5 %

6 %

Figure5.9: SafeQueryGeneratedFor DataUpdates

5.2.3 SemanticRestriction for SafeSchemaUpdateGenerations

In thespirit of propagatingschemachangesto theXML data,theSAXE framework im-

posessemanticrestrictionsfor certainschemaupdateXQuery statements.Restriction

appliesto queriesthatmanipulatetheconstraintsminOccurs, maxOccurs andref . Such

queriesrequiretheXPath-expr of �U���������m G" in Figure3.4to specifythenameof thecom-

plexTypecomponentwherethemodi�cation will happen,examplethebinding$psch in

Figure5.10 hasthe componentnamejuicer speci�ed in its path. Mainly we needthe

nameof thecomponentherein orderto updatetheinstancesof juicer in theXML data.

1 For $pschin document(”juicers.xsd”)/xsdh element[@name=”juicer”]
2 /xsd:complexType/xsd:sequence,
3 $chin $psch/xsd:element[@ref=”cost”]
4 update$psch$

5 delete$ch
6 %

Figure5.10:Sampleof Queryto deletea referredelementfrom theSchema
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Chapter 6

SAXE Framework

6.1 Generationof SafeUpdateQueries

Our Overall ApproachFor SafeQuery Rewriting. In ordertoallow only consistentup-

datesto beprocessedonXML dataor XML schema,weaimto developaloosely-coupled

updatestrategy thatsupportsincrementalschemaconstraintcheckingby accessingonly

minimal partsof theXML documentsneededto performthechecks.Thekey ideais to

�rst generatea safeUpdate-XQuerystatementfrom a giveninput Update-XQuerystate-

ment.ThegeneratedsafeUpdate-XQuerystatement,still will beconformto thestandard

Update-XQueryBNF andthuscanbesafelyexecutedon any xQueryupdateengine.In

this way we succeedin separatingtheconcernof constraintcheckveri�cation from the

developmentof theXML queryandupdateengine.

For the safequerygeneration,whenchangesoriginatefrom the XML datawe have

to �rst analyzeall updateoperationssupportedby theUpdate-XQuerylanguagein order

to designappropriateconstraint checking subqueries. Whenchangesoriginatefrom the

XML schema,thenbesidesanalyzingUpdate-XQueryoperationsoneshouldalsocon-

sider the type of changesallowed on an XML schemain order to designappropriate
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constraint check subqueries. The constraintchecksubqueriestake the input parameters

from theupdateoperationanddeterminewhethertheupdateoperationis valid or not. For

thesafequery, weexploit thecapabilityof theXQueryquerylanguageto notonly beable

to queryXML databut alsoXML Schema.This allows us to rewrite Update-XQuery

statementsby extendingthem with appropriateXML constraintchecksub-queriesfor

eachupdateoperation.Theexecutionof anupdateoperationis conditionalonpassingthe

constraintchecking.

Illustrating Example. This exampleillustrateshow the constraintchecksare inserted

into an original query with the intent to updatethe XML data. Figure 6.2 shows the

rewritten Update-XQueryfrom the Update-XQueryin Figure6.1. Thereis oneupdate

operationin Figure6.1, i.e., DELETE $c in line 4. We canseethat lines3, 5 and6 in

Figure6.2 have beeninsertedinto this updateoperationso that this updateis only exe-

cutedwhendelElePassed(...) (line 5) returnstrue.delElePassed(...) is a

constraintcheckfunctionwhich determinesthevalidity of theupdateDELETE $c . The

subqueryschemaChkDelEle(...) in line 3 is a functionthatprovidesinformation

that is neededby delElePassed(...) to make the determination.We will further

discussthedetailsof thesetwo functionsin Section3.

1 FOR$p in document(“juicers.xml”)/juicer,
2 $c in $p/cost[1]
3 UPDATE $p  

4 DELETE$c
5 ¡

Figure6.1: SampleUpdate-XQuery

1 FOR$p in document(“juicers.xml”)/juicer,
2 $c in $p/cost[1]
3 LET $constraint =
schemaChkDelEle(“juicers.xsd”,“juicer ”,“co st”)
4 UPDATE $p  

5 WHERE delElePassed($c,$p/cost,$constraint)
6 UPDATE $p  

7 DELETE $c
8 ¡

9 ¡

Figure6.2: SampleSafeUpdate-XQuery
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Figure6.3: An IncrementalYet Loosely-CoupledUpdateProcessingFramework Sup-
portingXML Updateswith SchemaConstraintValidation

6.2 Framework

Figure6.3 is the �nal designof SAXE [KSR02] framework, it generatessafeUpdate-

XQuery statementgiven an input Update-XQuery. The safeUpdate-XQuerygenerator

SAXEis composedof thecomponentsdescribedbelow:

1. Update-XQueryParser. The parsertakesan Update-XQuerystatementandcon-

structsaparsetreerepresentation[ASU86] from it.

2. Update-XQueryAnalyzer. Givena parsetree,theanalyzeridenti�es moredetailed

informationabouttypesof updateoperationsin the parsetreeandderivesan en-

hancedparsetree.

3. Constraint Checking TemplateLibrary. We generalizetheconstraintcheckingpro-

ceduresby de�ning namedparameterizedXQueryfunctionscalledconstraint check

templates. Eachconstraintcheckingtemplateis in chargeof checkingconstraints

for acertaintypeof updateoperation.

4. Constraint Checking Fragments.Eachschemaupdatetypeis associatedwith a set

of constraintscheckstranslatedinto XQuerystatements,parameterizedandstored.
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In casetheupdatedoesnot requireadataupdatethenonewill haveonly onesetof

querystatements,thesestatementsareinsertedinto theoriginalXQuerytransform-

ing it into a safeXQuery intendedfor theschemaupdates.Whentheupdatecase

requiresdatachanges,asecondsetof querystatementswill begeneratedon the�y

(right away), for asafeXML dataupdate.

5. Update-XQueryRewriter. The rewriter handlesthe actual generationof a safe

Update-XQuery. Basedon theparsetreegeneratedby theUpdate-XQueryparser,

it determineshow to rewrite theoriginal Update-XQuerystatementby pluggingin

theappropriateconstraintcheckingfunctionsfrom the templatelibrary andcorre-

spondinglymodifying theenhancedparsetree.

6. Update-XQueryWriter. The writer constructsa textual format of the modi�ed

Update-XQuerystatementfrom the enhancedparsetree,which now is in a stan-

dardUpdate-XQueryformat.Thiscanbeexecutedbeany updatequerysystem.

6.3 Componentsof Constraint CheckingFramework

Wenow describethemaincomponentsof theframework shown in Figure6.3.Wedonot

describetheUpdate-XQueryWriter sinceit is straightforward.

1. Update-XQueryParser

GivenanUpdate-XQuerystatement,theUpdate-XQueryparserconstructsa parse

treewhich is composedof objectsof classesthatweredesignedto storetheparsed

query. For example,aclassUpdateis de�ned to storeupdateclauses.Subclassesof

classUpdatearede�ned for four typesof updateoperations,i.e., Delete, Rename,

InsertandReplace, respectively.

2. SafeUpdate-XQueryAnalyzer
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Givenaninternalrepresentationof anUpdate-XQuery, theanalyzerwill determine

a morespeci�c sub-typeof anupdateoperationif any. For example,theanalyzer

would examinethe contentof an objectof the classDeleteto classifythe update

aseitherdeletingan elementor deletinganattribute. Thedetailedinformationof

updatetypeswould thenbeembeddedinto theoriginalparsetree.We call thenew

parsetreeanenhancedparsetree.

3. Constraint Checking TemplateLibrary

The templatelibrary functionsareusedfor safequerygenerationwhenchanges

originatefrom the XML data. The library storestemplatesthataccountfor every

type of updatepossibleusingour Update-XQuerylanguage(SeeBNF in Figure

3.4).A constraintcheckis composedof threestepswhichare:

(a) Querythe XML schemato identify any constraintsthat may be violatedby

thespeci�edupdate.

(b) QuerytheXML documentto gatherinformationpertainingto the targetele-

mentsor attributes.

(c) Comparetheinformationretrievedfrom thetwo previousstepsandthusiden-

tify whethertheconstraintswouldbeviolatedby theupdate.

Weillustratehow thisconstraintcheckis donefor thedeleteof anelementoperation

in ordertochangeanXML data.TheconstraintcheckfunctionsschemaChkDelEle

anddelElePassed shown in Figures6.4and6.5 jointly achieve thethreesteps

mentionedabove.

TheConstraint Checking FunctionschemaChkDelEle queriestheschema(i.e.,

step1) for the information relatedto the constraintsthat may be violated when

deletinganelement.Deletinganelement* of elementtype Z canonly violate the
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FunctionschemaChkDelEle($xsdName,$parentEleName,$childEleName)

1 $

2 For $pDefIn document($xsdName)/xsd:element[@name= $parentEleName],
3 $cRefIn $pDef//xsd:element[@ref= $childEleName]
4 Let $cRefMinOccurs:=$cRef/minOccurs
5 Return$childRefMinOccurs
6 %

Figure6.4: ConstraintCheckingFunctionschemaChkDelEle

FunctiondelElePassed($childBinding,$childBindingPath,$childMinOccurs)
ReturnBoolean

1 $

2 LET $childInstCount:= count($childBindingPath),
3 Return
4 If ($childMinOccurs� = $childInstCount- 1
5 ThenTRUE
6 ElseFALSE
7 %

Figure6.5: ConstraintCheckingFunctiondelElePassed

constraintof arequiredminimumoccurrenceof theelementsof type Z in thecontent

modelof * 's parent.schemaChkDelEle is to retrieve theminimumoccurrence

of elementsof type$childEleNamein theparenttypeparentEleName. In particu-

lar, line 2 queriesthe XML schema�le, speci�ed by the �le name$xsdName, to

�nd the elementde�nition $pDef for type $parentEleName. The elementde�ni-

tion of $parentEleName's subelementreferringto type childEleNameis storedin

$childRefin line 3. Line 4 thenretrievestheminimumoccurrenceof elementtype

childEleNamein parentEleName.

Constraint CheckingFunctiondelElePassed checkswhetherthedataupdateis

safebasedontheschemaconstraintinformationcollectedbyschemaChkDelEle .
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delElePassed is composedof two parts:

(a) Query over data (i.e., step2). Line 2 queriesover the XML documentto

�nd theactualcountof instancesof typechildEleNamethataresubelements

of thetargetobject.Theseinstancescanberetrievedby theXPathexpression

$childBinding. Thefunctioncountontheretrievedinstancesreturnsthecount

of theseinstances.Thustherewould beonly childInstCount- 1 instancesof

typechildEleNameif theupdateis allowedto occur.

(b) Integration of query result over schemaand data (i.e., step3). Line 4

comparesthe informationfrom the XML schemaanddata. It comparesthe

minimum occurrencerequirement(i.e., childRefMin) and the actualoccur-

renceif the updatewere indeedto proceed.In this example,this would be

childInstCount- 1. If actualoccurrenceafter the updatehadoccurredwere

largerthantheminimumoccurrencerequirement,thischeckis passedandthe

updateoperationis regardedasvalid.

4. Constraint Checking Fragments.

TheOn Fly Queries(SafeQueriesgeneratedfor theXML schemaandXML data

updateswhenchangesoriginatefrom theXML schema)accountsfor all constraint

checkstranslatedinto XQuerystatementsfor eachpossibleupdatetargetedduring

within SAXE, on XML schemas.A safeupdateon theschemais obtainedby:

(a) QueryXML schemato identify pertaininginformationthatmay be violated

whentheupdateis applied.

(b) Updateschemaaccordinglyif operationallowed.

(c) UpdateXML datadocumentsto re�ect changesof theschemapertainingto

targetedelementsandattributes.
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5. SafeUpdate-XQueryRewriter

TheSafeXQueryRewriter traversestheenhancedparsetree. For eachupdateop-

eration,basedontheupdatetype,theRewriter determineswhich templatefunction

shouldbe usedfor checkingthe constraintsof theupdate.Sinceeachtemplateis

parameterized,theRewriter wouldalsoinstantiatetheparameters.Valuesfor these

parameterscanbe identi�ed throughthe analysisof differentpartsof the parsed

XQuery. This canbeseenin Figure6.2. ThedelElePassed templatefunction

takesin � ve parametersto executeits query. For this particularexample,$c (the

elementinstanceto be deleted),$p/cost, “ juicer.xsd” (the �le nameof the XML

Schema),“ juicer” (the type nameof the parentelementof the to-be-deletedele-

ment)and“cost” (thetypenameof theto-be-deletedelement)arethe� ve instanti-

atedparametersrespectively.

Onceall parametershave beenassignedvalues,the Rewriter needsto insert the

instantiatedtemplatefunction into the original query. The Rewriter modi�es the

parsetreeby insertingthe constraintcheckingfunction for examplevia a where

clauseprior to the associatedupdateclause(asshown by the examplein Figure

6.2).After all modi�cationshavebeendoneto theoriginalupdateXQuery, thesafe

XQuerygenerationis complete.Finally, a resultingsafeupdateXQuerystatement

is produced.

6.4 Discussionof SAXE SystemImplementation

SAXE systemis basedon Kweelt [SD02], a queryenginefor theQuilt XML querylan-

guage[CRF02], aprecursorof theXQuerystandard,developedby theUniversityof Penn-
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sylvania.Kweelt is composedof two parts,i.e., thelanguageparserandlanguageevalua-

tor. Theparsertakesa textual Quilt statementandconstructsa parsetreeif thesyntaxof

thestatementis correct.Theevaluatorthenexecutesthequeryagainstthedata.First,we

haveextendedtheJavaCompilerCompiler�le (JavaCC)which is aJavaparsergenerator

in Kweelt so that theUpdate clausesareacceptedby the languageparser. Second,we

have extendedthe evaluatorso that an Update-XQuerystatementcanbe executed.The

Kweelt Systemwasalsoextendedto supportthe generationof safeXqueries.The safe

XQuery supportwasdesignedto be independentfrom the updateexecutorin order to

allow theupdateexecutorto handlebothsafeandnonsafeupdateXQueries.
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Chapter 7

SAXE Experiments

7.1 Experimental Setup

Intr oduction

Experimentswereconductedto evaluateSAXE system.Thepurposeof this sectionis to

reporton theseexperimentson theSAXE system,studytheir resultsandcomeout with

a solid understandingof SAXE performance.It is importantalsoto identify caseswhere

thesafeupdateoperationsef�ciency will outperformnative XML updatetoolsavailable

for updatingXML documents.Eachexperimentwasrun ten times,andthe resultused

is the averageover ten runs. In generalthe main measuresunderconsiderationarethe

time spendin (ms) to achieve an actionandthe numberof itemsmodi�ed in the XML

schemaor XML datadocuments.The sizeof the XML �les may vary, dependingthe

experimentbeing performed. In order to make the resultscoherentand easierto fol-

low we decidedto carryXML schemajuicers.xsd in Figure7.1 andtheXML data

juicers.xml in Figure7.2 as�les to modify accordinglyfor our testspurposes.The

schema�le juicers.xsd hasroot the element � schema� on the top of the �le. It

containsalsothreecomponentsthat canbe instantiated:juicers, juicer andsmalljuicer,
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1<xsd: schema xmlns: xsd =http://www.w3.org/2001/XMLSchema>
2   <xsd: element name = “juicers”>
3     <xsd: complexType>
4       <xsd: sequence>
5         <xsd: element ref = “juicer” minOccurs = “0” maxOccus= “unbounded”/>
6         </xsd: sequence>
7       </xsd: element>
8    <xsd: element name = “juicer”>
9       <xsd: complexType>
10         <xsd: sequence>
11          <xsd: element ref = “name”/>
12           <xsd: element ref = “image”/>
13 <xsd: element ref = “cost” minOccurs = “0” maxOccurs = “unbounded” />
14 <xsd:element ref="smalljuicer" minOccurs="0" maxOccurs="unbounded"/>
15    </xsd: sequence>
16          <xsd: attribute ref = “percentage” use = “optional”/>
17       </xsd: complexType>
18 </xsd: element>
19 <xsd:element name="smalljuicer">
20 <xsd:complexType>
21 <xsd:sequence>
22 <xsd:element ref="name"/>
23 </xsd:sequence>
24 </xsd:complexType>
25 </xsd:element>
26 <xsd:element name="name" type="xsd:string"/>
27 <xsd:element name="cost" type="xsd:string"/>
28 <xsd:element name="sale" type="xsd:string"/>
29 <xsd:element name="image"/>
30 <xsd:attribute name="percentage" type="xsd:string"/>
31</xsd: schema

Figure7.1: SampleXML Schema:juicers.xsd

it hascomponentde�nitions which arethefollowing nodes:name, image, cost, saleand

percentage. Theoriginal data�le juicers.xml hasoneinstanceof componentcom-

posedof � ve sub-nodes.TheschemaandXML datadocumentsarealteredaccordingly

by addingmoreelementsnodes,componentsnodes,instancenodes,etc.

ExecutionPlatform

All experimentswere performedon the samemachinein order to allow propercom-

parisons.The platform executionis Microsoft Window XP. The processoris an ADM

Duron700MHz. Thetotal of memoryon themachineis 128Megabytes.An attemptto

minimizethe in�uence of otherprocesstimeson theresult,all applicationswereclosed
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<juicers>
<juicer>

<name>OJ Home Juicer</name>
<image>images\mighty_oj.gif</image>
<cost>41.95</cost>
<sale>30.10</sale>
<smalljuicer>

<name>tr opicana</name>
</smalljuicer>

</juicer>
</juicers>

Figure7.2: SampleXML Document:juicers.xml

duringtheexperiments,with theexceptionof theDOScommandwindow usedto runthe

experiments.

StatisticsData SetsUsed

While testingthesafeupdatequeriesthe following elementsandconstraintscanbema-

nipulatedin theXML schemadocuments:

° Thenumberof elementsand/orattributede�nitions in theXML schemadocuments

° Thenumberof componentsfromtheschemathatcanhaveaninstance
�

instantiable
�

in theXML document�les

° Thenumberof referrednodesin acomponent

° Thetotal numberof elementsof theschema
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° The numberof � xsd:complexType � constantelementsusedin the XML docu-

ments

° Thenumberof � xsd:sequence� constantnameelementsusedin theXML schema

° Theconstrainttype which is anattributeof theelementor attributede�nition

° TheconstraintminOccurs which is anattributeof a referrednodeelement

° TheconstraintmaxOccurs which is anattributeof a referrednodeelement

° Theconstraintref which is anattributeof a referrednode

° ThesmallestXML schema�le usedwhile runningtheexperimentsis theoriginal

sourcejuicers.xsdin Figure7.1. The �le is madeof 3 components
�

instantiable
�

,

meaningthey canhave instanceson a XML datadocument,thosecomponentsare

juicers, juicer
�

whichrefersto � veelementnode
�

andsmallerjuicer. The�le holds

alsocomponentde�nitions whichare:name, image, cost, saleandpercentage. The

originalschema�le hasroot � schema� onthetop is therootandthenumbertotal

of nodesis 22.

° Thenumberof elementin a largestXML schemahas42”instantiables”component

nodes,componentde�nitions. The�les is madeoff a total of 374nodes

For theXML datadocumentsthefollowing changescanbedone:

° Altering anelementnodesuchasdelete,add,andmodify

° Altering anattributeof anelementnode

° Altering thenumberof elementnodesof theXML document
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° ThesmallestXML data�les usedduringtheexperimentis thejuicers.xml in

Figure7.2whichhasa totalof 7 elementnodes.TheXML data�le is composedof

2 instancesnodeswhich arejuicer andsmalljuicerwheresmalljuiceris a child of

juicer.

° The numberof elementsin a largestXML �les is composedof 20,000instances,

with a total of 60,000elements.

7.2 Experimental Results

All theexperimentsbelow wereexecutedonaschema�le obtainedbyalteringtheoriginal

juicers.xsd in Figure7.1andtheoriginal juicers.xml in Figure7.2. Alteration

wasdonedoneby adding,deletingandmodifying elementsandattributesof the XML

documents.Thetime factoris importantin evaluatingtheperformance,soin mostexper-

imentsthetimevariationis plottedasa functionof theitemsof theschemaor XML data

whenachangeis usingSAXE system.

7.2.1 SafeUpdatesQueriesGenerationTime

Oneof theSAXE systemgoalswasto bea middlewareportablein any databasesystem.

In thatsensetheQueryRewriter partis setto beindependentof any otherin�uencesother

that the text queryinput beingtransformed.This testshows thatXML document(such

as the sizeor the numberof elementsto modify) doesnot affect the querygeneration

time. Sothepurposeof this testis to haveanapproximateideaof how long it would take

to generatedthe safequeryfor the sampleof queriesusedin our example. The results

obtainedfrom theevaluationhave two typesof metricscollected,namelythetime spent

parsingtheoriginal queryandthe time spendgeneratingthesafequeries.Thetimer for

thegenerationof thesafequerystartswhentheparseris invoked,andstopswhenthesafe
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Figure7.3: Time for QueryGeneration

querieshasbeenwritten to theoutput�les. Testswereperformedto studythevariation

timesfor thesafeupdatequerygenerationswhenthesizeof theXML schemadocuments

involved are increasedby 5000 new elementsafter eachtest. Four different typesof

querieswereusedto studythesafequeriesgenerationtime here. They areIns type ,

ins compType , ins Max, and ins Ref 1. Eachquery was run ten times and the

resultsaveragedto havethetimeit takesto generateaquery. SafeQueriesweregenerated

basedon theanalysisof theoriginal querystatementrewritten to alter theXML schema.

As expectedthe chart lines of the graphin Figure7.3 arealmosta straightline, which

shows the XML documentsdo not in�uence the querygenerationtime. The sampleof

queriesusedcanbe divided into two differentgroups,queriesthat give onesafequery
1Thefour exampleof queriescanbefoundin AppendixB.
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as result (ins type and ins compType ) and queriesthat give two queriesas safe

updatequeries(ins Ref andins Max). We notea little moretime is spentgenerating

a safequeryfrom ins type thangeneratinga safequeryfrom ins compType even

thoughthe two querieshave almostthe samesize. This time differenceis mainly due

to thedifferenceof checksthatneedto beaddedto eachqueryin orderto make it safe.

ins type requiresmorechecksto beaddedto theoriginalqueryto produceanew safe

query. Thequeriesfor which two queriesaregeneratedasa resultthe time to construct

with the safequeriesis almost the same. This is due to the fact both query samples

ins Ref andins Max havealmostthesamesizeandit takesthesameprocessto come

outwith necessarysafechecksfor rewriting thesafequeries.Also for thesamplequeries

usedhere,we noticea time differencebetweenthetime it takesto generateonequeryas

safequeryor two queriesassafeupdate.

7.2.2 Analysisof Replacea ComponentName(TypeChange)

The purposeof this test is to studythe time ef�ciency for the safeupdatewhenreplac-

ing the nameof a component.During the testwe usedvariablesizesof XML schemas

andXML data�les. Eight differenttestswererun on the schemashown in Figure7.1

andfour different testswererun on the XML datain Figure7.2. The result is plotted

in Figure7.5. In bothexperimentsthenumberof modi�ed elementsduringeachtestin-

creasesproportionallywith thesizeincreaseof the�les. Theresultsrepresenttheaverage

over tenruns. Consideringthe fact thatXML usestagnamessometimesastype identi-

�cation, replacinga componentnamein theschemais thesameasa typechangein this

case.A componenttypechangedin theschemashouldleadto changesin theXML data

document.If a queryis written with the intentof replacingthenameof a complexType

componentnodethentwo querieswill be generatedcalledsafe rep name xsd and

safe rep name xml . We measurethe time it takesto updatetheschema�le by exe-
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cutingsafe rep name xsd . Theresultis presentedin Figure7.4. Thetime to update

theXML datadocumentwasmeasuredby executingsafe rep name xml ontheXML

data.Theresultis plottedin Figure7.5.

In Figure7.4 the executiontime is graphedasa function of the numberof component

alteredduring the operation. At eachtest the numberof alterednodeswas increased.

Weendupwith a linearcomplexity timewhenthenumberof modi�ed componentsvary.

Notethatupdatingmultipleof elementnodesat thesametimeupdatewill bemorebene-

�cial thana smallnumberof updates.Theline in Figure7.4shows thatoneupdatetakes

1151msecwhereas10updatestake1162msecand20updatestake1302msec.Wefound

againthesametrendwhensafe rep name xml is executedonaXML data(thenum-

berof modi�ed elementsis increasedduringeachtestonx-axis).Weseethissamelinear

timecomplexity for thedataupdatesin Figure7.5.

Figure7.6 comparesthe executiontime of the querysafe rep name xml to the ex-

ecutionof the querysafe rep name xsd . The resultswereobtainedby runningthe
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querieson theXML documentswherethenumberof alteredcomponentsin theschema

is the sameas the numberof alteredelementsin the XML data. That is, the �le size

growth is kept proportionalduring eachtest. Herethe time for updatingthe schemais

moreexpensive thanthe time it takesto updatethe XML data. This is dueto the dif-

ferenceof methodretrievalsbetweenthetwo updatequeries.Theretrieval time between

the variantsarereducedwhenwe have multiple matchesaccessedonce[FG02] on the

querysafe rep name xml we wereableto dropmostof the informationstructureof

the pathandalsoaccessthe elementsto alter all at once,This way the executiontime

of safe rep name xml is cheaper. We canconcludealsothatchangingthe typeof a

componentfor thesampleof queriesusedin SAXE is linearwhenthenumberof modi�ed

elementsis beingincreased.

7.2.3 Comparing UpdatesGeneratingOnly SchemaChanges

Now let'sexaminesomepureschemaupdates,thosedonot involveany dataupdates.The

safequerieschosenfor this testare: safe ins name, safe ins type , safe ins

compType andsafe ins sequence . safe ins name is a safequeryusedfor in-

sertingnameasits valuein acomponentde�nition of theschema.As resultwewill have

± xsd:element name² "givenValue" ³ . safe ins type alterstheelementto

± xsd:element name² "givenValue" type ² "givenType" ³ by insert-

ing the attribute type. The queriesins compType and ins sequence insert re-
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spectively ± xsd:complexType ³ and ± xsd:sequence ³ into the schemasafely.

They areusedin the processof makinga complexTypecomponent.In this experiment

ratherthanchangingthenumberof modi�ed elementson theschemaandthesizeof the

schema,we changethe type of safequeryexecutedon the schema.The resultsrepre-

sentedarethe averagesover ten runs. The chartsin Figure7.7 investigaterespectively

thetimeto generateandrunsafe ins name, safe ins type , ins compType and

ins sequence . From thegraphin Figure7.7 we canconcludetheexecutiontime of

insertingan attribute nodeis slightly lessexpensive than insertingan elementinto the

SAXE system.Also we foundthatall thesafeinsertionoperationstake almostthesame

timeeventhoughtheitemsandthepositionof theinsertionarenot thesame.
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7.2.4 Ef�ciency Time Insertion for minOccurs, maxOccursand ref

Constraints

Theseexperimentsfocusonthecostof updatingsomespecialtargetconstraints.Thecon-

straintsareminOccurs, maxOccursandref. Thestudybelow will analyzethesafequeries

generatedwhen the minOccurs, maxOccurs and their valuesare modeledas XML at-

tributes.For areferrednodein agivencomponentasin Figure7.1thecomponentjuicer at

line 8 refersto anelementcostat line 13. Herereferringto agivencomponentis thesame

asinsertingref attributeinto a nodeof theschema.Suchactiongeneratestwo queriesas

resultof safeupdates;the two queriesarecalledasins ref xsd andins ref xml .

Thequeriesfor minOccurs insertionareins min xsd andins min xml . The�rst is

executedon the schema,while the secondwill modify the XML data. The queriesfor

maxOccurs areins ref xsd andins ref xml modifying the schemaandthe xml

datarespectively. Theexperimentsbelow wererun with a varietyof sizesof XML docu-

ment�les. Eachtestwasrun tentimesto getanaccuratemeasure.We will analyze�rst

thetime spendexecutingthesafequeriesin theschemaandsecondtheexecutionfor the

updateson theXML datadocument.
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SafeQuery ExecutionTime For The targetedConstraints on the Schema

This experimentis to studytheexecutionof threedifferentqueryschemachanges.The

resultpresentedis the averageof ten runs. The cost is graphedasa in function of the

numberof elementsin the schema.The sizeof the schemais increasedafter eachtest.

Figure7.8 shows that it is a bit cheaperto executeins ref xsd thanins Min xsd

andins Max xsd . This differenceis mainly dueto the fact that the safequerystate-

mentin thetwo latestcasescarriesmorestructuralinformationin their path. In orderto

allow a ref andits valueto beinserted,onenecessaryconditionis to give thecomponent

namewherethe insertionwill happen.For the insertionof minOccurs andmaxOccurs

we have two necessaryconditions:thecomponentnamewheretheinsertionwill happen

shouldbe givenandthenameof the referredelementinto which thequanti�ers will be

insertedshouldbealsospeci�ed in thequery. We notethatquerieswith morestructural

informationin theirpathtakeslightly longerto execute.
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Theaveragegrowth ratefor theexecutiontime of thosequerieswhentheschema�le is

increasedby oneelementis lessthan0.26msec.Howeverwith thisapproachonecannot

do a bunchof updatesat oncein differentglobal components,meaningthe insertionof

minOccurs andmaxOccurs is possibleonly in onecomponentat a time. This restriction

onminOccursandmaxOccurs is setup in orderto propagatetheupdatesto theXML data

document.Note this restrictiondoesnot hold for ref wherea large quantityof updates

canbedoneonce.

SafeQuery ExecutionTime for minOccurs, maxOccursand ref on the Data.

Restrictionwas set to allow only one componentupdateat the time when modifying

minOccurs andmaxOccurs, this restrictionwill allow the propagationof the updatesto

XML data.Oneschemaupdatemayresultin aquantityof updateontheXML data.This

teststudyhow ef�cient ins ref xml , ins Min xml andins Max xml arewhenex-

ecutedonaXML data.Wechooseto useavariablesizedXML data�le with thenumber

of elementsof theXML datadocumentfor the �rst testbeingequalto 60. This number

is multiplied by 10 aftereachtest. Also thenumberof elementsto alter is increasedby

settingthe numberof alteredelementon a testequalto 10 power t wheret is the test

number. Thechartin Figure7.9 plots the time asa functionof thenumberof modi�ed

elementson theXML data. As expectedall the threeplottedlines arealmostthesame.

Thepurposeof ins ref xml is to insertadefaultchild, thedutyof ins min xml is to

setupdefaultchildrenwhennecessaryandins max xml wouldbeto deletetheelement

whennecessary.

Theimportantthing to noteaboutthis testis thatwehaveabig gainwhenalteringamass

of elementnodes.Altering 100elementstakesaround1460msecand6500msecfor al-

tering1000elementsof thedata.
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SAXE SafeUpdatesVersusThird Party Validator

Now thatwe have studiedin generaltheef�ciency of SAXE safeupdates,thenext inter-

estingstepwill beto compareSAXE with oneof-the-shelfavailabletools.WeusedXSV

aJavabasedXML-Schemavalidator[Tom02] asacomparisontool. Eventhoughtheend

resultof SAXE andXSV is to know if anXML documentis valid or not, theproblems

they addressaredifferent. SAXE favors incrementalconstraintcheckinginsteadof re-

validationfrom scratch.It alsoaddressesthe validationproblemthat would occurwith

manualupdates.Thepurposeof this experimentis to comparethetime it takesto safely

updatean XML documentusingSAXE or XSV. Using SAXE to achieve an updatethe

typershouldwrite a four line xQuerystatement,oneshouldqueryandexecute.

As resulta pair of safequeriessafe rep name xsd andsafe rep name xml will

begenerated.safe rep name xsd will beexecutedtoupdatetheschemaandsafe rep

name xml will be usedto updatethe XML data. Using XSV to achieve a component

typechangeimpliesmanualupdates,whichin somecaseis almostimpossiblefor instance

whenthenumberof elementsto bemodi�ed of theschemais very large. This would be

doneby going throughthecompletedocumentandalteringall theelementsaffectedby
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thecomponentchangedandthenrunningtheXML �les throughthevalidator. Theother

choiceis to runthesafequeryfrom theXML documentdirectlyandlet thevalidatorcom-

plainabouttheupdatesbeinginvalid. Neitherof thelatertwo methodsseemsconvenient.

In Figure 7.10 the plotted time for the XSV validator is the time it takes for veri-

fying the validity of a modi�ed XML �le. Also Figure7.10 plots the time it takes to

validatean XML dataor XML Schema�le usingSAXE. The time is setasa function

of the numberof elementsin the XML document.The resultsin both graphsrepresent

theaveragesof tenruns. Theplot depictedin Figure7.10shows that theexecutiontime

usingthe validator is lessthanthe time it takesto executesafe rep name xsd and

safe rep name xml . But this doesnot meanthat thesafeupdateis lessef�cient. As

we saidabove, theargumentis thatSAXE is a onestepprocesswhereupdatesareonly

performedoncetheupdatesaredeemedsafe.Soon onehandall theattemptsfor invalid

updateswill beprevented,andontheotherhandthiscouldallow asetfor safeupdatesall

at onceto becommitted.This is not thecaseof thevalidatorwhereonenonsafeupdate

will requireto roll backandredoof all theupdates.In our experimentthenumberof el-

ementnodesmodi�ed while updatingtheXML schemaor XML datausingSAXE is ten
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percentof thetotal numberof elementson theXML document.We concludethatSAXE

combinedwith the availableeditor suchasXMLSpy [XML ] would be a powerful and

ef�cient updatetool for XML documents.SAXE worksin XML documentspresentedin

averboseform schemabut it allowsautomaticandmultiple safeupdatesonce.We could

useXMLSpy [XML ] transforma schemain a verboseform andthentake advantageof

SAXE updatestools.
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Chapter 8

Conclusion And Future Work

8.1 Conclusion

In this thesis,we have proposeda lightweight approachto ensurethe structuralconsis-

tency of XML schemaandXML dataafterupdates.Moreprecisely, I proposedto rewrite

an Update-XQuerystatementinto a safeUpdate-XQuerystatementby embeddingcon-

straintchecksubqueriesinto theformerquery. This approachis lightweight in thesense

that it canbe implementedasa middlewareindependentof any underlyingsystemfor

XML datamanagement.Thekey partsaccomplishedfor this thesisaresummarizedbe-

low:

1. Proposeda queryrewriting approachthat convertsan Update-XQueryinto a safe

query.

2. Analyzedschemaspeci�cations,anddevelopedrulesthatensurethecorrectnessof

eachupdateoriginatingfrom theXML dataor theschema.

3. ProducedXQuerytemplatelibrariesto supportsafeupdateswhenalterationsorig-

inatefrom XML DataUpdates.
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4. ProducedXQuery statementson the �y to supportsafeupdateswhenalterations

originatedfrom theXML Schema.

5. Implementedthe safequery generationwhen changesoriginate from the XML

schema.

6. Performedexperimentalstudiesfor theSAXE System.

8.2 Futur eWork

Currently, our safetycheckingsemanticsis at theatomiclevel, i.e., eachatomicupdate

on a singleXML elementis allowed if this updateleadsto a valid XML document.As

next step,we would explore theconceptof transactionalupdate,i.e., a batchof updates

areonly allowed to be executedif the overall effect of executingthemleadsto a valid

document.An other�eld of interestwill be to investigatea bestincrementalvalidation

algorithmoverupdatesusingXQueryonXML documents.Theef�cient algorithmscould

be usedin scenarioswhenupdatequeriesinvolve morecomplex manipulationof entire

subtreesfor instancewhendeleting,insertingor renaminga largequantityof elementsor

componentssafelyin orderto boostSAXE systemperformance.Also extendingSAXE

updatesto othertractableconstraintchecksnotconsideredduringthis studysuchaskeys

will beanvaluabledomainstudyalso.
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Appendix A

Safe Queries For XML Data Updates

AppendixA givesparameterizedXQueryfunctionscalledconstraint checking templates.

Eachconstraintcheckingtemplateis in chargeof checkingconstraintsfor a certaintype

of updateoperationfor theXML dataupdates.

FunctiontranslateUse($usestatus)$

return

if count($usestatus)= 0

thenoptional

else$usestatus

%

FunctiontranslateUse:Interpret theuse value

FunctiontranslateOccurs($contains)$

return

if count($contains)= 0

then1

else$contains
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%

FunctiontranslateOccurs: InterpretminOccursmaxOccursvalue

FunctioninsertEpassed($childbindN,$docxsd,$pname,$cname) $

For $pschIn document($docxsd)/xsd:element[@name=$pname],

$xref In $psch//xsd:element[@ref=$cname]

let $maxoccurs:= $xref/@maxOccurs,

$counted:= count($childbindN),

$val := translateOccurs($maxoccurs),

$check:= count($xref)

return

if ( $val V

�£�

V $counted+ 1

or $val = ”unbounded”or $check= 1 )

ThenTRUE

elseFALSE

%

Constraint Checking Function: Insertan element

FunctioninsertApassed($docxsd,$pname,$aname)$

For $pschIn document($docxsd)/xsd:element[@name= $pname],

$schattrIn $psch//xsd:attribute[@ref=$aname]

let $use:= $schattr/@use,

$useR:= translateUse($use),

$exist := count($schattr)

return

if ( $useR!=”prohibited” and$exist = 1)
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ThenTRUE

elseFALSE

%

Constraint Checking Function: Insertan attribute

FunctiondeletedApassed($childAtr,$docxsd,$pname,$cname)$

For $pschIn document($docxsd)/xsd:element[@name= $pname],

$schattrIn $psch//xsd:attribute[@ref=$cname]

let $use:= $schattr/@use,

$useR:= translateUse($schattr/@use),

$exist := count($schattr)

return

if ($useR= ”optional” andexists($childAtr)=TRUE)

ThenTRUE

elseFALSE

%

Constraint Checking Function:Deleteanattributenode

FunctionrenameDelApassed($childAtr, $docxsd,$pname,$cname,$nname)$

For $pschIn document($docxsd)/xsd:element[@name= $pname],

$schattrIn $psch//xsd:attribute[@ref=$cname]

let $use:= $schattr/@use,

$useR:= translateUse($schattr/@use)

return

if $useR= ”optional” andexists
�

$childAtr)=TRUE and$cname!= $nname

ThenTRUE
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elseFALSE

%

FunctionrenameinsApassed($atrbind,$docxsd,$pname,$nname)$

For $pschIn document($docxsd)/xsd:element[@name= $pname],

$schattrIn $psch//xsd:attribute[@ref=$nname]

let $use:=$schattr/@use,

$useR:= translateUse($use), $exist := count($schattr)

return

If ( $useR!=”prohibited” and$exist = 1 )

ThenTRUE

elseFALSE

%

Constraint Checking Functions:Renamean attribute

FunctionrenamedelEpassed($child,$childbindN,$docxsd,

$pname,$cname,$nname) $

For $pschIn document($docxsd)/xsd:element[@name=

$pname],

$xref In $psch//xsd:element[@ref=$cname]

let $minoccurs:= $xref/@minOccurs,

$val := translateOccurs($xref/@minOccurs),

$countex := count($childbindN)

return

If ( $val V

�£�

V $countex -1 and

count($child)= 1 and($cname!= $nname))

ThenTRUE
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ElseFALSE %

FunctionrenameinsEpassed($childbindI,$docxsd,$pname,$nname)$

For $pschIn document($docxsd)/xsd:element[@name=$pname],

$xref In $psch//xsd:element[@ref= $nname]

let $counted:= count($childbindI),

$maxoccurs:= $xref/@maxOccurs,

$val := translateOccurs($maxoccurs),

$check:= count($xref)

return

If ( ($val V

�£�

V $counted+ 1 or $val = ”unbounded”)and$check= 1 )

ThenTRUE

elseFALSE

%

Constraint Checking Functions:Renamea tag name
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Appendix B

Safe Queries For Schema Updates

AppendixB givessampleof updatequeriesintendedfor theXML Schemaevolutionand

their generatedsafeupdates.

Query intent to deletea global element:

Sample of Query

For $pschIn document(”juicers.xsd”),

$child in $psch/xsd:element[@name=”cost”]

update$psch$

delete$child

%

Deletea globalelement:del Glo Ele

Safe Query generated for del Glo Ele

1. FunctiondelRefComOnSchema($schemadoc,$childBindingRefName)

$

78



For $prefIn document($schemadoc)//xsd:sequence,

$child in $pref/xsd:element[@ref=$childBindingRefName]

update$pref$

delete$child

%

%

FOR$pschIN document(”juicers.xsd”),

$child IN $psch/xsd:element[/@name= ”cost”]

let $fun := delRefComOnSchema(”juicers.xsd”,”cost”)

update$psch$

update$psch$

delete$child

%

%

SafeQueryGenerateFor SchemaFromdel Glo Ele

2. For $child in document(”juicers.xml”)//cost,

$p in $child/parent::*

update$p $

delete$child

%

SafeQueryGenerateFor DataFromdel Glo Ele

Query intent to deletea referred component
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Sample of Query

For$pschin document(”juicers.xsd”)/xsd:element[@name=”juicer”] /xsd:complexType/xsd:sequence,

$chin $psch/xsd:element[@ref=”cost”]

update$psch$

delete$ch

%

Sampledeletereferredelement:del Ref Ele

Safe Queries Generated for del Ref Ele

For $pschIN document(”juicers.xsd”)/xsd:element[/@name= ”juicer”]

/xsd:complexType/xsd:sequence,

$chIN $psch/xsd:element[/@ref= ”cost”]

update$psch$

update$psch$

delete$ch

%

%

SafeQueryGeneratedFor Schema

For $p in document(”juicers.xml”)//juicer,

$child in $p/cost

update$p $ delete

$child %

SafeQueryGeneratedFor Data
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Query intent to insert a dir ect element:

Sample Query

For $pschIN document(”juicers.xsd”)

update$psch$

insert � xsdh element
�

�

%

Sampleinsert � element
�

� : ins Dir Ele

Safe Generated Query

1. Functiondo contVal check($result)$

return

if ($result=
�•�

)

thenTRUE

elseFALSE

%

Functiondo Contagcheck($contentName)$

return

if ( $contentName=”xsd:element”

or $contentName=”xsd:attribute”)

ThenTRUE

elseFALSE
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%

For $pschIN document(”juicers.xsd”)

update$psch$

WHEREdo Contagcheck(”xsd:element”)anddo contVal check(
�•�

)

update$psch$

insert � xsd:element
�

�

%

%

SafeQueryGeneratedFor SchemaFromins Dir Ele

Query intent to insert a ”name” and it' s valueon � element
�

� :

Sample Query

For $p in document(”juicers.xsd”)//xsd:element

update$p$

insertnew attribute(”name”,”maryamjuice”)

%

Sampleinserts”name”: ins eltName

Safe Generated Query

1. For $p IN document(”juicers.xsd”)//xsd:element

let $pval := $p/parent::*/@xmlns:xsd

let $cnt:= count($p/@name),

$cntpval := count($pval)

update$p $
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WHERE$cntpval =”1” and$cnt=”0”

update$p $

INSERT new attribute( ”name”,”maryamjuice” )

%

%

SafeQueryGeneratedFor SchemaFromins eltName

Query intent to insert � complexType�

Sample of Query

For $pschin document(”juicers.xsd”)/xsd:element[@name=”juicer”]

update$psch$

insert � xsd:complexType�©�

�

xsd:complexType�

%

insert � complexType
�

� query: ins compType

Safe Query generated

1. For $pschin document(”juicers.xsd”)/xsd:element[/@name= ”juicer”],

$ptypein $psch[not(@type)],

$pnamein $ptype[@name]

let $cre:=count($pname//xsd:element),

$cra:= count($pname//xsd:attribute)

update$psch$

WHERE0 V

�£�

V $creand0 V

�£�

V $cra

update$psch$
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INSERT � xsd:complexType
�

�

%

%

Safe Query For Schema From ins compType

Query intent to insert a local element:

Sample Query

For $pschin document(”juicers.xsd”)/xsd:element[@name=”juicer”]/

xsd:complexType/xsd:sequence

update$psch$

insert � xsd:element�¨�

�

xsd:element�

%

Sampleinsert � element
�

� aslocal element:ins Loc Ele

Safe Generated Query

1. For $pschIN document(”juicers.xsd”)/xsd:element[/@name= ”juicer”]/

xsd:complexType/xsd:sequence

update$psch/

update$psch/

INSERT � xsd:element
�

�

%

%
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SafeQueryGeneratedFor SchemaFromins Loc Ele

Query intent to insert ”r ef”

Sample Query

For $p in document(”juicers.xsd”)/xsd:element[@name=”juicer”]/

xsd:complexType/xsd:sequence//xsd:element[5]

update$p $

insertnew attribute(”ref”, ”retailer”) %

Sampleinsert”r ef” in a local element:ins Ref

Safe Generated Query

1. For $p in document(”juicers.xsd”)/xsd:element[/@name= ”juicer”]/

xsd:complexType/xsd:sequence//xsd:element[position()= 5]

let $repval := $p/@ref

let $pval := $p/parent::*/@xmlns:xsd,

$cntpval := count($pval)

let $refexist := $p/parent::*/xsd:element[@ref=”retailer”],

$cntref:= count($refexist)

For $comin document(”juicers.xsd”)/xsd:element[@name=”retailer”]

let $cntcom:= count($com)

update$p $

Where0 V

�a�

V count($repval/text()) and0 V

�£�

V $cntpval and

$cntcomV

�£�

V 1 and0 V

�£�

V $cntref
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update$p $

INSERT new attribute( ”ref”, ”retailer” )

%

%

SafeQueryGeneratedFor SchemaFromins Ref

2. For $p in document(”juicers.xml”)//juicer

let $child := $p/retailer,

$cnt:= count($child)

update$p $

where0 V

�£�

V $cnt

update$p $

insert � retailer�4�

�

retailer�

%

%

SafeQueryGenerateFor DataFromins Ref

Query intent to insert ”type”

Sample of Query

For $p in document(”juicers.xsd”)//xsd:element

update$p $

insertnew attribute(”type”,”xsd:integer”)

%

insert”minOccurs” querysample:ins type
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Safe Queries generated

1. For $p IN document(”juicers.xsd”)//xsd:element

let $pval := $p/parent::*/@xmlns:xsd,

$cntdesc:= count($p/descendant::*)

let $cnt:= count($p/@name),

$cntpval := count($pval)

update$p $

WHERE$cntpval =”1” and$cnt=”1” and$cntdesc=”0”

update$p $

INSERT new attribute( ”type”, ”xsd:integer” )

%

%

Safe Query For Schema From ins type

Query intent to insert ”minOccurs”

Sample of Query

For $p in document(”juicers.xsd”)/xsd:element[@name=”juicer”]/

xsd:complexType/xsd:sequence/xsd:element[@ref=”cost”]

update$p$

insertnew attribute(”minOccurs”,”2”)

%

insert”minOccurs” querysample:ins Min

87



Safe Queries generated

1. Functioncheckmaxmin($mvar, $val) $

return

if ($mvar=”maxOccurs”and($val V

�£�

V¯´ or $val =”unbounded”))

thenTRUE

elseif ($mvar=”minOccurs”and$val V

�£�

V’´ )

then”TRUE”

elseTRUE

%

For$pin document(”juicers.xsd”)/xsd:element[/@name= ”juicer”]/xsd:complexType/

xsd:sequence/xsd:element[/@ref= ”cost”]

let $pval := $p/parent::*/@xmlns:xsd,

$cntpval := count($pval)

let $mimformat:= checkmaxmin(”minOccurs”,”2”)

update$p $

WHERE0 V

�£�

V $cntpval and$mimformat=”TRUE”

update$p $

INSERT new attribute( ”minOccurs”,”2” )

%

%

Safe Query For Schema From ins Min

2. For $p in document(”juicers.xml”)//juicer

let $child := $p/cost,
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$cnt:= count($child)

let $cnt2:= 2 - count($child)/*Numberof time to run thequery*/

let $nodeA:= $p/cost[1]

update$p $

where$cnt2 V

�a�

V 1

update$p $

insert � cost�x�

�

cost� after$nodeA

%

%

Safe Query For Data From ins Min

Query intent to insert ”maxOccurs”

Sample of Query

For $p in document(”juicers.xsd”)/xsd:element[@name=”juicer”]/

xsd:complexType/xsd:sequence/xsd:element[@ref=”cost”]

update$p $

insertnew attribute(”maxOccurs”,”3”)

%

insert”maxOccurs” querysample:ins Max

Safe Queries generated
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1. Functioncheckmaxmin($mvar, $val) $

return

if ($mvar=”maxOccurs”and($val V

�£�

V¯´ or $val =”unbounded”))

thenTRUE

elseif ($mvar=”minOccurs”and$val V

�£�

V 0)

thenTRUE

else

TRUE

%

For $p in document(”juicers.xsd”)/xsd:element[/@name= ”juicer”]/

xsd:complexType/xsd:sequence/xsd:element[/@ref= ”cost”]

let $pval := $p/parent::*/@xmlns:xsd,

$cntpval := count($pval)

let $mimformat:= checkmaxmin(”maxOccurs”,”3”)

update$p $

WHERE0 V

�£�

V $cntpval and$mimformat=TRUE

update$p $

INSERT new attribute( ”maxOccurs”,”3” )

%

%

Safe Query For Schema From ins Max

2. For $p in document(”juicers.xml”)//juicer

let $child := $p/cost,
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$cnt:= count($child)

let $cnt2:= count($child)- 3 /* Numberof time to run thequery*/

let $nodeA:= $p/cost[1]

update$p $

where$cnt2 V

�a�

V 1

update$p$

delete$nodeA

%

%

Safe Query For Data From ins Max

Query intent to insert ”use”

Sample of Query

For $p in document(”juicers.xsd”)/xsd:element[@name=”juicer”]//

xsd:attribute[@ref=”percentage”]

update$p$

insertnew attribute(”use”,”required”)

%

insert”use” querysample:ins Use

Safe Queries generated

1. Functioncheckuse($mvar, $val) $
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return

if ($mvar=”use” and($val= ”optional”

or $val =”required”or $val = ”prohibited”))

thenTRUE

elseTRUE

%

For $p in document(”juicers.xsd”)/xsd:element[/@name= ”juicer”]//

xsd:attribute[/@ref= ”percentage”]

let $pval := $p/parent::*/@xmlns:xsd,

$cntpval := count($pval)

let $format:= checkuse(”use”,”required”)

update$p $

WHERE0 V

�£�

V $cntpval and$format=TRUE

update$p $

INSERT new attribute( ”use”, ”required” )

%

%

Safe Query For Schema From ins Use

2. For $p in document(”juicers.xml”)//juicer

let $child := $p/@xsi:percentage,

$cnt:= count($child)

update$p $

where0 V

�£�

V $cnt

update$p $

insertnew attribute(”xsi:percentage”,”defaultvalue”)

92



%

%

Safe Query For Data From ins Use

Query intent to insert ”use”

Sample of Query

For $p in document(”juicers.xsd”)/xsd:element[@name=”smalljuicer”]

let $childatr:= $p/@name

update$p$

replace$childatrwith ”newName”

%

replacenameof componentquerysample:rep Glo EleName

Safe Queries generated

1. FunctionreplaceRefOnSchema($schemadoc,$childBindingRefName)$

For$prefIn document($schemadoc)//xsd:element[@ref=$childBindingRefName],

$rRefin $pref/@ref

update$pref $

replace$rRefwith ”newName”

%

%

For $p IN document(”juicers.xsd”)/xsd:element[/@name= ”smalljuicer”]

Let $childatr:= $p/@name
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Let $pval := $p/parent::*/@xmlns:xsd,

$cntpval := count($pval)

Let $child := $p/parent::*/xsd:element[@name=”newName”],

$childexist := count($child)

Let $sref:= $p/parent::*//xsd:element[@ref=”smalljuicer”]

Let $sr:= $sref/@ref

Where$cntpval = ”1” and$childexist =”0”

update$p $

WherereplaceRefOnSchema(”juicers.xsd”,”smalljuicer”)

update$p $

REPLACE$childatrWITH ”newName”

%

%

Safe Query For Schema From rep Glo EleName

2. For $child in document(”juicers.xml”)//smalljuicer

let $p := $child/parent::*

update$p$

rename$child to ”newName”

%

Safe Query For Data From rep Glo EleName
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