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Abstract

Whenupdatinga valid XML Dataor Schemaanef cient yetlight-weightmechanisms
neededo determindf the updatewould invalidatethe document.Towardsthis goal,we
have developeda framewvork called SAXE. First, we analyzedthe constraintsexpressed
in XML schemaspeci cationsto establisiconstraintulesthatmustbe obsenedwhena
schemar anXML dataconformingto agiven XML Schemas altered.We thenclassify
therulesbasedon their relevang for a givenupdatecase.Thatis, we shav the minimal
setof rulesthatmustbe checledto guarante¢he safetyfor eachupdateprimitive. Next,
we illustratethatthis setof incrementakconstraintcheckscanbe speci ed usinggeneric
XQuery expressionsomposedf threetype of components Safeupdatedor the XML
datahave thefollowing components(1) XML schemaneta-querieso retrieve ary con-
straintknowledgepotentiallyrelevantto the given updatefrom the schemaor XML data
beingaltered,(2) retrieval of speci ¢ characteristicérom the to-be-modi ed XML, and
(3) an analysisof informationcollectedaboutthe XML schemaandthe affected XML
documento determinevalidity of the update For the safeschemaalteration the compo-
nentsare:(1) XML schemaneta-queriefo retrieve relevantinformationfrom theschema
(2) analysisandusageof retrievedinformationto updatethe schemaand(3) propagation
of the changego the XML datawhennecessaty 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 safe XML
Queryby extendingit with appropriateconstraintchecksubqueriesThis enhancecKML
updatequerycanthensafelybe executedusingary existing XQueryenginethatsupports
updates- thusturning arny updateengineautomaticallyinto an incrementalconstraint-

checkengine.In orderto verify the feasibility of our approachwe have implementech



prototypesystemSAXE that generatesafe XQuery updates.Our experimentalevalua-
tion assessethe overheadf rewriting aswell asthe performancef ourloosely-coupled
incrementalkconstraintcheckapproachcompareswith the moretraditional rst-change-

documentindthenrevalidate-itapproach.
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Chapter 1

Introduction

1.1 Motivation

Today XML is the facto standarddata exchangeformat for information on the Weh
Nearly all-major databasesystemproviders have extendedtheir existing databaséech-
nologiesto manageXML data. Eachof thesevendorsassumeghanges afundamental
aspecif persisteninformationand data-centricsystems.Informationover a period of
time oftenneedgo bemodi ed to re ect perhapsachangen therealworld, achangean
theusers requirementsmistalesin theinitial designor to allow for incrementamainte-
nance.

However, changesupportfor XML in currentXML datamanagemergystemss only
in its infang. Practicallyall changesupportis tightly tied to the underlying storage
systemof the XML data. For example,both IBM DB2 XML Extender[IBMOOb] and
Oracle9i [Ora02],whichsupporidecompositiof XML datainto relational[IBMOODb] or
object-relationastoragdOra02],still requireusergo beawareof notonly theunderlying
storagesystembut alsothe particularmappingchoserbetweerthe XML modelandthe

storagemodelandupdatesnustbe doneusing SQL-like language Little hasbeendone



to provide mechanismgor maintainingthe structural consistencyf the XML documents
with all associatecKML schemataluring anupdate.Structumal consistencys a desired
propertyin databasesystemswhich requiresthat the datamustalways conformto its

schemaAn updateis consideredo be safeonly if it will notresultin any dataviolating

theassociatedchemaThoughit is notrequiredthat XML documentsnustalwayshave

associatedchemadueto their “self-describing”nature,mary applicationdomainstend

to usesomeschemaspeci cationin eitherDTD [W3C98] or XML SchemgW3C014

formatto enforcethe structureof the XML documentsAn updateto an XML document
shouldthusonly beallowedwhentheupdatds safe i.e., theupdateddatawould continue
to conformto thegiven XML schemata.

To achieve this, techniqueshave beenproposedor translatingconstraintsn XML
to constraintan otherdatamodels,saythe relationalmodel [ KKRSROQ or the object
model[BGHOQ]. Following thetraditionaldatabasepproactdepictedn Figurel.1, rst
the XML Schemawould be analyzedto constructa schemain the underlyingstorage
system,andsecondthe XML documentsould be loadedinto the repository only after
thatwould updateson the documentbe permitted. ThereaftetlXML constraintchecking
would beachiezedby the constrainenforcementnechanisnsupportedn theunderlying
datastore. However we prefernative XML update supportto avoid the overheadof a
loadinto a databasenanagemengystem(DBMS), andthe dependengcof XML updates
onsomespeci ¢ alternatedatarepresentation.

Alternatively asdepictedn Figurel.2,anatve XML approacho ensuringhe safety
of dataupdateds to rst executethe updateson the XML documentdirectly, thenrun
a validating parser* on the updatedXML document,and lastly decidewhetherto roll
backto the original XML documenthasedon the validationresult. Suchan approachs

likely inef cient sinceit involvesredundantheckingof the completeXML document.

IXML documentparserssuchas[IBM00a] supportvalidatingthe XML documentagainstthe given
DTD or XML Schema.



It is preferableto have anincremental checking mechanismwhereonly the modi ed
XML fragmentgatherthanthe completeXML documentarechecled. Also it would be

preferablenotto have to loadit into somedatarepository rst.

o
| ,/Schema —_— ey
Builder @ d d
Up _ate — Up ate Update Engine No
Data Engine XQuery or Updated- Validator
L Loader Editor XML Doc > Yes

Figure 1.2: Loosely-CoupledAp-

Figurel.1: Tightly-CoupledApproach proach

1.2 Our Approach

It is preferableto provide constraintcheckingasa lightweightmiddlewvareservicerather
thanbeingtightly coupledto an XML datamanagemensystem. This way the service
could be generaland portableacrossdifferent XML applications. The key conceptwe
proposeto exploit is the capacityof the XQuery querylanguageo not only query XML
databut also XML Schema.This allows usto rewrite XML updatestatementdy ex-
tendingthemwith appropriateXML constraintchecksub-queriesThis enhancedXML
updatequerycanthensafelybe executedusingary existing XQueryenginethatsupports
updates- thusturning arny updateengineautomaticallyinto an incrementalconstraint-

checkengine.Figurel.3depictsthemain o w of our constrainicheckingapproach.

Xauery > Renter” e Update Engine Updated
XQuery Rewriter Ugdate_ p g L
ue

Figure 1.3: An IncrementalYet Loosely-CoupledJpdateProcessing-ramevork Sup-
porting XML Updatesvith SchemaConstraintvalidation




In summarywe make the following contributionsin this work:

1. We analyzeXML schemaspeci cationsand develop generalconstraintrules to

performsafeupdateoperationgor the XML Schemaandthe XML Data.

2. We proposea generalconstraintcheckingframework that provides native, incre-
mental and lightweight XML Schemaand XML Data updatesupportby query

rewriting.

3. We have implementeda prototypesystemto verify the feasibility of this proposed

approach.

4. We have conductedan experimentalstudy that compareghe performanceof the

proposedapproactagainsthatof currentstate-of-the-argolutions.

1.3 ThesisOutline

Therestof thisthesisis structuredasfollows:

1. RelatedWork: Givesan overview of literatureandtools relatedto this domainof

study

2. XML Updatelanguage Givesa concepiof XQueryandthe updatelanguageused
for SAXE.

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

SchemaXML Dataandtheir mapping.

4. Consisteng UnderXML DataandXML SchemdJpdates:Shaovs How thesystem
integrity is maintainedwhen changesoriginate eitherfrom the Schemaor XML

Data.



. SAXE Framavork: Givesthe overview of the SAXE Systemarchitectureandits

implementation.

. SAXE ExperimentsGivesa preciseevaluationof the system.

. Conclusion:Givesa detailedsummaryandpossiblefuturework on this domain.

. AppendixA: Describeghe templatelibrariesfor safedataupdatesvhenchanges

originatefrom the XML data.

. AppendixB: Describeghe safe updatequeriesgeneratedvhen changeoriginate

from the XML schema.



Chapter 2

Related Work

2.1 XML Evolution

With XML becomingmoremainstreamandmuchmore XML databecomingavailable
around,new technologieshasbeendevelopedto betterprocessand manipulateXML.
Managemendf XML documentss becominganincreasinglymportanttask[TIHWO01a].
We seea proliferationof databasethatstore,queryandupdateXML documents.

Both the dataandthe structureof XML documentgschema)endto changeover time
for amultitudeof reasonsChangesrefundamentabspecbf persistentnformationand
datacentric systems. Over time informationtendsto change,and modi cation should
be madeto re ect the necessaryevolutions. Beyond frequentdataupdateswhich are
widespreadwe nd thatschemahangesrealsofairly commonin modernapplications
for the following reasons.SchemamappingtechniquegHHOO] which aim at mapping
betweenheterogeneousourcesare semi-automati@anddependa lot on domainknowl-
edge.As aresult,agoodmappingis thushardto nd andmayevolve overtime. Sources
alsohave beenfoundto befairly volatileto theextentthatsomeof themmaybetemporas

ily or even permanentlyunavailable[ITY99]. Anotherimportantpointis thata schema



changecouldoccurfor numerouseasonsiuringthe softwarelife-cycle,includingdesign
errors,schemaedesignduring the early stagesf databaseleployment,the additionof

new functionalitiesandevennew developmentsn the applicationdomain.

2.2 XML and DatabaseSystems

Eventhoughthetopic of updatingXML datais still atits infangy, therehave beensigni -
cantdevelopment®on this topic over thelastfew years.Todaythe communityseesXML
not only asa way to serializeandcommunicatehe alreadyexisting datastructuresput
mostimportantlyalsoasaway to think aboutmodelingapplicationdata.

Oneof the rst databaseystemghatsupportedupdatess the eXcelonXML repository
[eXc98]. Its supportis basicandexpressesimpledeletionandinsertionusingan exten-
sion of the XPath languaggW3C99]. In the spirit of making XML fully evolve into a
universaldatarepository more and more suitabledataquery and updatelanguagesare
being developed. Someof the tools suchas (XSLT) [W3C01d] have focusedon vari-
ouslanguagdormatsasa mechanisnior manipulatingKXML data.ExtensibleStylesheet
LanguageTransformationgXSLT) [W3C01d] is a languagedesignedor transforming
individual XML documents.Contraryto SAXE, XSLT doesnot requireary schemaat-
tachedto the XML data. The usercanspecifyarbitrarydatatransformatiorrules. Lexus
(XML UpdateLanguage)InfO0] is anotherdeclaratve languageproposedoy an open
sourcegroup, Infozone, to updatestoreddocuments. However Lexus usesprimitives,
which only work onthedocumentevel without takingthe schemanto account.
Therearefew natve XML editortools capableof validatingXML schemaanddataup-
datespneof theseeditorsis XMLspy [XML]. Contraryto editorslike XMLspy [XML],
SAXE allows a setof relatedsafeupdateso bedoneautomaticallyin onebatchusingan

XQueryexpression Also SAXE is aonestepprocessvhereupdatesareonly performed



oncethey aredeemedafesothatall theattemptdor invalid updatesill bepreventedand
thesafeoneswill beperformed.With the XMLSpy editorary invalid updatewill forcea
roll backfor all intendedupdates.The XEM project[SKC 00] from WPI dealswith the
problemof XML evolutionandupdating.XEM proposes setof updateprimitives,each
of whichis associateavith semanticensuringhe safetyof the operation.Themainlim-

itationsof XEM are: (1) thedataupdateprimitivesin XEM canonly beperformedonone
singleelementselectedby an XPath expressionat a time; (2) XEM is a tightly-coupled
approachnamely it is implementedas an engineon top of PSE (a lightweight object
database)py rst mappingthe DTD to a x edobjectschemaandthenloadingthe data
into the schemaas objectinstances.Suchmoretraditional databasearadigmrequires
schemaevolution supportfrom the underlyingDBMS engine,in the XEM casethe PSE
system While XEM providessuchschemaevolution supportfor PSEdatabasevolution,

this now would eitherrequirea specializectonstraintenforcemento be hard-codednto

the PSEsystem.Clearly, suchanapproachis a high-overheadstrateyy, requiringsignif-

icantsupportfrom the underlyingDBMS systemor major softwaredevelopmenton the

XML evolution system.

In traditionaldatabasenanagemensystemssuchasrelationaldatabase$RDBMS)
the problemof storingandqueryingXML datahasbeenwidely studied.[MAG 97] did
investigatehemappingof semi-structuredatainto relationaldatabasesyhile [CACS94
looks at SGML (the predecessoof XML) storagein an object-orienteddatabasenan-
agemensystem(OODBMS). [TIHWO01a] is one of the rst to addresghe problemof
updatinghierarchicalXML datastoredacrossmultiple relationaltables. Oracles XML
SQL Utility (XSU) [Ora02]andIBM's DB2 XML Extender{IBMOOb] arecommercial
relationaldatabasg@roductsextendedwith XML support. The two mainly provide two

choicesfor managingKML data. The choicesareeitherto storeXML dataasa blob or



to decomposeXML datato relationalinstances.So problemsmay arisein caseof ary
updateto the externaldata. For the rst choicethe dataneeddo bereloadedandfor the
secondchoiceone hasto make changesat the schemadevel of the relationaldatabase.
Hencethe changepropagatiorfrom an external XML documento its internalrelational
storageor schematicstructureis not supportedn eitherof thetwo commercialdatabase
systemsAlthoughchangesreallowedonthe XML datain thesesystemsit' s donetypi-
cally via somelimited interfaceandthe schemas consideredx edandgivenin adwance.
This restrictionis imposedbecauseschemaevolutionin traditionalDBMS systemsends

to bevery expensve anddisruptive to execute.

2.3 IncrementalValidation and Constraint Checksfor XML

XML schemalesigndid adopttheform of constraintgrevalentin thedatabaséterature,
however changedhe semanticof keys, foreign keys, anduniqueconstraints.[AFL02]
demonstratéhe costly effect of this slight changeon thefeasibility of consisteng check-
ing. Its shavs thatevenwithout foreignkeys andwith very simpleDTD featurescheck-
ing consisteng of XML-schemaspeci cationis intractable. SAXE insteadfocuseson
a subsebf coreconstraintguanti ers andtypescheckingwhenthe consisteng checkis
feasible. Regardingincrementalalidationof the XML schema[PV03] modelsDTDs
as extendedcontet free grammarsandthe schemaas abstractedspecializedDTDs
allowing to decoupletypesfrom elementtags. Fromthat, it exhibits an algorithmwith
signi cant improvementover the brute-forcere-validationfrom scratchalgorithmwhen
updatesconsistof elementtag renamingsjnsertionsand deletions. To our knowledge
thereis no availableimplementatiorfor this approacheven thoughthe theory part has

beenproven. SAXE [KSR02] and[PV03] have differentprimarygoals,SAXE mainpur-



poseis to provide a way of updatingwhile keepingthe consisteng betweenan XML
schemandits associate KML data,while [PV03] focuson how to discoverabestalgo-

rithm whenalteringanelementontheDTD or schema.
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Chapter 3

The XML Update Language

3.1 XML Query Language

Thoughit is notrequiredthat XML documentsnustalwayshave anassociatedchemata
dueto their "self-describing”nature mary applicationdomaingendto usesomeschema
speci cationin eitherDTD [W3C98 or XML SchemdW3C014 formatto enforcethe
structureof the XML documentsWhene&er XML schematareassociatedvith the XML
data,thenstructuralconsisteng shouldalsobetakencareof duringupdateprocessing.
Supposehe userspeci es to remaove the cost of the juicer with name“Champion
Juicer”(the rst juicerin juicers.xm). This operatiorwill renderthe Championjuicerto
no longerhave a costsubelementSuchanupdatedXML documents inconsistentvith
the schemguicers.xsdsincea juicer elements requiredto have atleastonecostsubele-
ment,indicatedas xsd: element ref = cost minOccurs = 1 maxOc-
curs unbounded/  in juicerxsd This updatewould however have beenallowed
for the seconduicer (i.e., OmegaJuicer). Somemechanismsnustbe developedto pre-

ventsuchviolation of structuralconsisteng.

11



1<xsd: schema xmins: xsd'=: >

2 <xsd: element name = “juicers™>

3 <xsd: complexjipe> <juicers>

4 <xsd: sequence> <juicer>

5 <xsd: element ref = “juicer” minOccurs = “0” maxOccufsinbounded”/> <name> Champion Juicer </name>
6 </xsd: sequence> . . . e

7 </xsd: element> <image> imagashampion.gif </image>
8 <xsd: element name = “juicer”> <cost> 239.00 </cost>

9 <xsd: complexype> <ljuicer>

10 <xsd: sequence> <juicer>

1 <xsd: element ref = “name”/> .

12 <xsd: element ref = “image” maxOccurs = “unbountted” <name> Omega Juicer </name>
13 <xsd: element ref = “cost” minOccurs = “1” maxOseufunbounded” / <image> imagesmegapg </image>
14 </xsd: sequence> <cost> 234.00 </cost>

15 <xsd: attribute ref = “quality” use = “optional”/> <cost> 359.50 </cost>

16 </xsd: complexjpe>
17 </xsd: element> o
18 <xsd:element name="name" type="xsd:string"/> <ljuicers>
19 <xsd:element name="cost"  type="xsd:string"/>

20 <xsd:element name="imagetype="xsd:string"/>

21 <xsd:attribute name="quality" type="xsd:string"/>

22</xsd: schema>

</juicer>

Figure3.2: SampleXML Doc-
ument:juicers.xmil
Figure3.1: SampleXML Schemajuicers.xsd

3.2 Update Language

XQuery[W3C01d isanXML querylanguageroposedy World Wide WebConsortium
for queryingXML documentsAn XQuerystatemenis composeaf severalexpressions.
An importantexpressiornin XQueryis the FLWR expressiorconstructedrom FOR LET,

WHEREBNJRETURNIauses.

1. FORandLET clauses:They sene to bind valuesor expressiongo one or more
variables. In particular FORis usedwheneer the binding iteratesover a list of
nodegeturnedoy theexpressionwhile LET simply bindsthevariableto thevalue

of theexpressiorwith noiteration.

2. WHERElauseg(optional):It Iters thebindingsgeneratedy FORandLET clauses

by any speci ed predicates.
3. RETURNMlause:lt constructsanoutputXML document.

Figure3.3givesanexampleXqueryoverthe XML documentn Figure3.2. Thevari-

able$piteratesovereachelemennodesatisfyingtheexpressiordocument  juicers.xml

12



1 FOR$pin document(“juicers.xml”)/juicer
2 $childin $p/cost[1]
3 RETURNSchild

Figure3.3: SampleXQuery

juicer  (line 1). For eachidenti ed bindingof $ , $ is boundto the rst cost
child nodeof (line 2). Thesecostelements thenarereturned(line 3).

[TIHWO1b] extendsXQuery's original FLWR expressiondo accommodatéhe up-
dateoperationdy introducingUPDATE.., clauses.e., FLWU expressionsWe will refer
to this languageextensionof XQuery asthe Update-XQueryanguage.The BNF syntax
is shovn in Figure 3.4 while the BNF for the UPDATEclause(subOp in Figure3.4)in

particularis shovn in Figure3.5.

FOR$ in XPath-epr, ...
LET $binding:= XPath-expr, ...
WHERIpredicate] ...

UPDATE$binding subOp , subOp *

Figure3.4: Syntaxof Update-XQuery

The semanticof FOR LET and WHERElausesare exactly the sameasthosein a
FLWR, while the UPDATE clausespeci esasequencef updateoperationgo beapplied

onthetamgetnodesdenti ed by FLW.

13



DELETE$child

RENAMEchild TOname

INSERT (new_attr(hame value
content BEFORE AFTER $child
$copyBrget BEFORE AFTER $child )

REPLACESchild WITH (new_attr(name valué
content

$copyhrgel)
FOR$bindingIN XPath-expr, ...
WHERIpredicatel ...

UPDATE$binding subOp , subOp *
Figure3.5: BNF of subOp

14



Chapter 4

Modeling XML Schema, XML Data

And Their Interrelationship

4.1 A VerboseSchema

In our currentwork, we assumehe schemads rst-classcitizen. In this senseanupdate
to anXML datadocuments only allowedwhenthe updateis safe i.e., theupdateddata
would still conformto thegiven XML schemataWithoutlossof generalitywe chooseo
work with averboseype of XML schemasometimeseferredto as salamislicedesign
schema [Cor02]. A verboseschemahasa designapproactthat disassemblemstance

documentsnto theirindividual components.

4.2 XML SchemaModeling

In theschemawe rst de ne eachcomponenaisa separatelementdeclarationandthen
assembléhemtogether Note how the scheman Figure 4.1 declareseachcomponent

individually (hame image, costandquality ) respectrely atlines 18,19, 20 and21 and

15



1<xsd: schema xmins: xsd = >

2 <xsd: element name = “juicers”>

3 <xsd: complexfpe>

4 <xsd: sequence>

5 <xsd: element ref = “juicer” minOccurs = “0” maxOccufsinbounded’/>
6 </xsd: sequence>

7 <Ixsd: element>

8 <xsd: element name = “juicer”>

9 <xsd: complexype>

10 <xsd: sequence>

1 <xsd: element ref = “name”/>

12 <xsd: element ref = “image” maxOccurs = “unbounded”

13 <xsd: element ref = “cost” minOccurs = “1” maxOscutunbounded” /
14 </xsd: sequence>

15 <xsd: attribute ref = “quality” use = “optional’/>
16 </xsd: complexipe>

17 </xsd: element>

18 <xsd:element name="name" type="xsd:string"/>
19 <xsd:element name="cost"  type="xsd:string"/>
20 <xsd:element hame="imagetype="xsd:string"/>

21 <xsd:attribute name="quality" type="xsd:string"/>
22</xsd: schema>

Figure4.1: SampleXML Schemajuicers.xsd

<juicers>
<juicer>
<name> Champion Juicer </name>
<image> imagashampion.gif </image>
<cost> 239.00 </cost>
</juicer>
<juicer>
<name> Omega Juicer </name>
<image> imagasmeggpg </image>
<cost> 234.00 </cost>
<cost> 359.50 </cost>
</juicer>
</juicers>

Figure4.2: SampleXML Document;juicers.xml

16



thenassembleshemtogetherin the creationof the componenjuicer at line 8. One of
theadwantage®f theverboseschemas its layoutstructure thelayoutenableusto know
whereto retrievetheneededonstraininformationin speci c placesof theXML schema.
All componentfiave aglobalscopeandaredirectchildrenof theschemaoot. A verbose
schemacan be extendedto other available schemadesignstylesand vice versa. For
example,Figures4.1and4.2 shov averboseXML schemguicers.xsdandits XML data
juicers.xmlconformingto the schema.They areusedasrunningsampledn this thesis.
The XML schemas composedf a root anda setof componentswherea component
canbe of type attribute or elementfor examplein Figure4.1 at line 8 we have a global
componentlementandat line 21 we have a globalcomponengttribute. Eachelement
componentanin turn containattribute declaration®r subelemendeclarationseferring
to otherpreviously de ned components A componentvithout subelemendeclarations
will be consideredas an empty component. Elementsof XML dataare instancesof
componentsrom XML schemas.

Structur e of an elementcomponent: [Cor02] givesa cleardescriptionof a global or
local componentin the verbosetype schema. In this thesisthe setof all global ele-
ment componentdn 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
referencecelementsandrefAttr  _Defs is the setof referencedattributesinside the
globalelement.For instancehejuicer componentle ned atline 8 in theschemagiven
at Figure4.1 hasfor refEle _Defs the setof elementsde ned at lines 11, 12, and
13. TherefAttr _Defs of the samecomponeniuicer is composedf one element
de ned at line 15. WhenrefEle _Defs andrefAttr _Defs areemptyasin lines
18, 19, and 20 in Figure 4.1, we are dealingwith a global empty component. Any

element refEle _Defs is denotedby refE _type, refE _name, minOc-
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curs, maxOccurs whererefE _type is thetype of thereferredelementcompo-
nent, refE _name is the nameof the referredelementcomponentminOccurs and
maxOccurs arequanti ers usedin the XML schemao specifyrespectrely the mini-
mum andmaximumnumberof occurrence®f the referredcomponentnay appeaiin an
instanceof the referringcomponent.Note thatin a schemavhenneitherminOccurs
normaxOccurs arespeci edfor areferredcomponenttheir defaultvalueis considered
to beequalto 1.

TherefEle _Defs of thejuicer componenin Figure4.1is madeup with the ele-

mentdeclarationon lines 11, 12 and 13: refEle _Defs = xsd:element  ref

= name xsd:element ref = image minOccurs = unbounded /
xsd:element  ref = cost minOccurs = 1 maxOccurs = unbounded /
Thelasttuple xsd:element ref = cost minOccurs = 1 maxOccurs

= unbounded / refersto thecomponentostde nedatline 19in juicers.xsdschema.
costis anemptyglobal componentijt's type canbe found at line 19 de ned asa string.
XML usesnamenametagsaretypeidenti cation for non-emptyglobalcomponent.
De nition 1: A one-to-ondunction E is usedto expressthe relationshipbetweeneach
referredelementin a global component , with identied by e_type, e_name,
refEle _ Defs, refAttr _Defs . Thefunctionis E, givenE : refEle _Defs

, WhererefEle _Defs is the setof referredelementdn the given global com-
ponent elementand s thesetof all globalelementsn the schemaWe have
refEle _Defs suchthatE( ) = with .refE _name= .e_name. And is

assignedefE _type whichis equialenttothetypeof (e_type ).

refAttr  _Defs is the setof referredattributesin a global componentelementof the
schema. An attribute node refAttr  _Defs canbe denotedby refA _type,

refA _name, refA _use whererefA _type isthetypeofthereferredattribute,refA _name
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is the nameof the referredattribute, andrefA _use indicateswhetherthe attribute is
required, optional or even prohibited If a default or x edvalueis speci ed in the at-
tribute declarationthenthe valuerefA _use mustbe optional For example,in Figure
4.1 the only elementof refAttr  _Defs in the componenijuicer is at line 15. It has
forrefA _nameandrefA _type respectrely qualityandstringwhicharethenameand
type of thereferredattribute. Its refA _use valueis optional

Structur e of an attrib ute component:

The setof all global attribute component®f a schemas referredas . The structure
of a global attribute componenis de ned by a_type, a_name wherea_name and
a_type arerespectrely the nameandtype of the referencedttribute. In juicers.xsdin
Figure4.1we have only oneglobalattribute componentle ned atline 21 asa_name
qualityanda_type  string.

De nition 2: A one-to-ondunction A is usedto expressthe relationshipbetweeneach
referredattribute in a globalcomponent , with e_type, e_name, refEle _
Defs, refAttr _Defs . ThefunctionA, givenby A: refAttr  _Defs aCwhere
refAttr  _Defs is the setof referredattributesin a givenglobalcomponent and
thesetof all attributede nitions in theschema. refAttr  Defs such
that .refA _-name= .a_name. And is assignea@nidenti er refA _type , which

isthetypeidentied in (a_type ).

4.3 XML Data Modeling

An XML documents de ned by its namereferredto asxmldocanda set of ordered
labelednodeswhereeachelemeninodeis aninstanceof onecomponentn its associated

XML schemaEvery elementodehasa directparent.Therootis thedirectchild of the

19



Schemalocument.
Structure of an elementnode. Any elementnode is identi ed by type,
name, subEles, attrs, value wheretype is thetype of the elementnode,
name is the nodetagname,subEles is a setcomposedf the directchildrennodesof
, attrs  is asetcontainingthe attributesof the elementode,andvalue thevalueof
the element. An elementnodewith anemptysubEles is calledan emptyelementor
aleaf. A non-leafelementnodedoesnt have anvalue ; thusit could beidenti ed as
[type, name, subEles, attrs, ]. An elementnodeleafwill obviously have
no childrensoit canberepresenteds[type, name, ,attrs, value ]. Mostof

thetimethetype of aleafis abuilt-in datatype suchasintegeror string.

In particular subEles canbeexpressedstheunionof setsof sub-elementgachsub-

elemenigroupingelemeninodesof thesametype.

subEles
Eachsubset is characterizedby two identi ers: The type andtag nameof the
elementst is holding. Theidenti ers will bereferredrespectiely as: and

For anillustrative example let's take the juicers.xmlin Figure4.2. Theelemeninode
juicer[2] hastype juicer, its name is alsojuicer, andits setsubEles is composeaf
its directchildrenis:  name> Omega Juicer </name

image image omega.gif /image
cost 234.00 cost
cost>359.50</cost
subEles is madeof threedifferentsubsetseachsubsets composeaf elementof same

nametag. Theidenti ers and of eachsubsetespectiely are
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cost string , image, string and name string . Notethatif we weredealingwith a
compleType componentheidenti er and will bethesame
dueto thefactthat XML usesin somecasedagnamesastypeidenti cation. Soin this

casesubEles is composedf threesubsetenumeratedrom 0 to 2.

name Omega Juicer name
image > image omega.gif image
= cost 234.00</cost , <cost 359.50</cost
De nition 3: Let bedenotedby type, name, subEles, attrs, value
and
SubEles

e aoneto onefunction,wheresubEles thesetof directchildrenof , andan
groupselementof ( subEleshaving the sametype. sameype(b)= iff .name
= and .type =

Example: We have:

sameype(  cost 234.00 cost )=

because cost 234.00 cost

An attribute  attrsidenti ed by anametypeandvalue[attr _type, attr _name,
attr _value ], whereattr _type ,attr _nameandattr _value arethetype,name

andvalueof theattributerespectrely.

4.4 Mapping betweenXML Schemaand XML Data

We now presentrelationsthat exist betweenan XML documentand its given XML

schema.A setof constraintds describedn the schemaandthe XML documenishould
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conformto theseconstraintsin an XML documentachelementor attributeis uniquely
typed,thatis eachelemeninodeis aninstanceof a uniquecomponenhodefrom its asso-
ciatedschemaA mappingfunctionwill beusedto expresshebi-directionalrelationship
betweeran XML documentandits schemaThefunctionis typeof denotedoy typeof:
, Where is the setall elementnodesof the XML dataand s the setof
globalelementtomponent®nthe XML schemaThetypeoffunctionensureshatif
suchthattypeof( ) = .e_type
Element Translation Function: Let beanon- emptyelementnodeof and bea
globalelementcomponenbf  suchthattypeof( )= .e_type . A translationelement
functiontypeofElemapsthesetof directchildrenof with thesamenametagto thecor-
respondingelementdeclarationn . Thismeanseach of subEles is mapped
to thecorrespondinglementn refEle _Defs .
typeofEle subEles refEle _Defs, for refEle _Defs andtypeofElé
= wehave: .name= .refE _nameand .type = .refE _type .
lllustrati ve Example: Let bethejuicer[2] elemeniodeof juicers.xmlin Figure4.2,
= name> Omega Juicer </name ;
= image > image omega.gif </image ;

cost> 234.00</cost cost 359.50 cost

The component xsd:element  ref “cost® minOccurs "1" maxOccurs

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

typeofElg( ) = xsd:element ref="cost" minOccurs="1"
maxOccurs="unbounded"/

where .refE _nameis costand .refE _type isstring.

Attrib ute Translation Function: Let be an elementand be an element

componenbf aschemauchthattypeof( ) = .a_type . An attributetranslatiorfunction

typeofAttrmapseachattributeof  to the correspondingttribute declarationelementof
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refAttr  _Defs ) ofthecomponenhode . Let beanelemenbf andadanelement
of refAttr  _Defs , we have typeofAttt refAttr  _Defs . With typeofAttr

() aattr _name=ada_nameandaattr _type =adrefA _type .
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Chapter 5

Consistency Under XML Data And
XML Schema Updates

5.1 Consistencyfor XML Data Evolution

An XML documents well formedif it meetsall speci cationsof the World Wide Web
standardW3C01b]. A well-formed XML documentcanin addition be valid if it has
anassociatedgchemaandif it agreeto all constraintexpressedn the schema.We now
introducethenotionof validity by presentingulesthatshouldhold for anXML datadoc-
umentto bevalid with respecto its schemaEachrule is a necessargonditionto assure
thevalidity of the XML documentWe make theassumptiorthatthe XML documentnd
its schemaarewell-formedbeforeary updates attempted.The setof all elementnodes
of the XML datadocumenwill bereferredtoas andthesetof all componenhodesof

theschemawill bereferredas .
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5.1.1 Rulesof ConsistencybetweenData and Schema

Rule 1: Quanti er Constraint Rule
Let beacomponentlementodefrom theschema and beits instanceelementin
the XML datadocumentode. This rule guaranteeshe minimum and maximumnum-

ber of timesthe referredcomponentin is allowed to appearas a direct child on the

instance . We alreadyknow refEle _Defs if andtypeofEl€ ) =r

and thenthetranslationelementfunctiontypeofElein Section4.1 givesus
( ) r Sotwo conditionsshouldhold:

(1.) r.minOccurs .

(2.) r.maxOccurs .

For exampleat line 12 in Figure 4.1 the referenceccomponenimage hasfor maxOc-

curs the valueunbounded minOccurs is not speci ed, thusits default valueis 1.

Consequentlyeachinstancenodejuicer in the XML documentuicerxmlin Figure4.2

musthave atleastoneimage elemenmnodeasdirectchild.

Rule 2: Attrib ute Constraint Rule

If acomponentlement hasanattribute declaratiorwith its refA _use setto required

thenary instance of intheXML datadocumentusthavethisattribute.If refA _use

is setto beoptional  thentheinstancenodemayor maynot have theattributede ned.
refAttr  _Defs oneof thefollowing shouldhold:

1. if .refA _use = required then attrs  of n suchthattypeofAtt( ) =

wheretypeofAttris the translationattribute functionalreadyde ned in Section4.4. This

isequvalentto: .a_named= .attr _nameand .attr _value = .refA _type .

2.if  .refA_use="optional" thenwe haveeither a or b casebelon

a attrs , typeofAttr( ) ad

() attrs  suchthat .refA nname= .attr _nameand .attr _value =
refA _type .
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Rule 3: ElementNode Validity Rule
Thisrule groupsall necessargonditionsthatanelemeninodein the XML datadocument
mustmeetin orderto be calledvalid.
S suchthatthefollowing conditionsmusthold:
1. .type = .e_type

2. .name= .e_name

3. refEle _Defs suchthat typeofElesubEles) r with
we have: a) r.minOccurs andb) subEles  r.maxOccurs .
4, attrs refAttr  _Defs suchthat .attr _name= .refA _nameand

refA _use “prohibited”
5. attrs  if typeofAtt( ) = attr  _type = .refA _type . Thiscon-
dition makessurethattheattribute of the elementnodeis of the correcttype.
Rule 4: Attrib ute Node Validity Rule

Therule givesthe necessargonditionsfor an attribute nodeto be a valid attribute of

1. attrs refAttr  _Defs suchthat .attr _type = .refA _type ,
attr  _name refA _namewhere .refA _use ’required” or .refA _use
"optional” .

2. attrs , x attrs attr  _name arefA _name. Thisruleprevents

to duplicatenametag attributes.

5.1.2 Application of Constraint Rulesfor the XML Data Update

Changingan XML documents only allowedif it doesnt violate ary of the rulesstated
above. Ourassumptions the XML documentndits schemaarevalid beforeany update
is attempted.Table 5.1 summarizeghe rulesthat may be violatedwhen performingan

update.Thetableclassi estherulesthatmustbechecledwhenereranupdateof acertain
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occur !

Update Operation Rulesto check Descriptions

delEleRssed Rulelconditionl Remae child from list tagetelementnode
delAtrPassed Rule2 Deleteanattribute node

insEleRssed [ before after child ] | Rule3 Insertanelementode

insAtrPassed  _ (.,) Rule4 Insertanattribute for anelement
renameElt to Rule3andRulel Renamehetagnameof anelementode
renameAtr to Rule2conditionlandRule4 Renamehetagof anattribute node
replaceE with ¢ Rulel andRule3 Replaceanelementnode

replaceEV with Rulel andRule3 Replacehevalueof aleafelementode
replaceA with new_attr( , ) Rule2 andRule4 Replaceanattribute node

replaceN with Rule2 andRule4 Replacehevalueof anattribute node

Table5.1: ConstraintChecksClassi ed By DataUpdateTypes

Example With delElePassed:
We will shov how the updateoperationsnaintainthe systemintegrity by usingtherules
above for a deleteelementoperation. delElePassed deletesan elementnodefrom
the XML datadocument.Validation: Let thetargetelementodeto bedeletedand

attrs

name, subEles, its directparentnode. After the deletewe want

type,
to make surethatthenode is still valid. We assumevery nodeis valid beforeanupdate
is tried. The only rule thatcanaffect the validity of the element , which is aninstance
of somecomponent in the XML schemais Rule1 condition1. By beinga child of

then  subEles ,wheresubEles

is composeaf unionof severalsets (see

IMore informationaboutthe safedataupdatequeriescanbefoundin AppendixA.
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Sectiord.3),wherethe set groupsthedirectchildrenof having the sametype
elementnode.UsingDe nition 3 of section4.1, suchthat , the
translationfunction gives ( ) = ,where isanelement
referredtoin . FromConditionl of Rule1 the XML datadocuments valid with respect
to theschemaafterthedeletiononly if .minOccurs 1.

We illustrate how the constraintcheckingis donefor the deleteelementnodein our
running XML datadocumenexampleusingXQuery. TheschemaChkDelEle in Fig-
ure 6.4 queriesthe schemafor the information relatedto the constraintsthat may be
violatedwhendeletingan element.Deletinganelement of elementype canonly vi-
olatethe constraintof a requiredminimumoccurrencef the elementsf type asdirect
child 's parent. schemaChkDelEle retrievesthe minimum occurrenceof elements
$childEleNamein the parenttype parentEleNameln particular line 2 queriesthe XML
schemale, speci edbythe le hame$xsdNameto nd theelementde nition $pDeffor
type $parentEleNameThe elementde nition of parentEleNamis subelementeferring
to type childEleNamas storedin $childRefin line 3. Line 4 thenretrievesthe minimum

occurrencef elementype childEleNamdn parentEleName

Function delEleRssed($childBinding $childBindingRith,

Function schemaChkDelEle($xsdName $parentEleName, $childMinOccurs)

$childEleName) ReturnBoolean

1 1

2 For $pDefln document($xsdName)/xsd:elemtigd name = 2 LET $childinstCount= count($childBinding&th),

$parentEleName], 3 Return

3 $cRefln $pDef//xsd:element[@ref $SchildEleName] 4 If ($childMinOccurs = $childinstCount 1

4 Let$cRefMinOccurs:=$cRef/minOccurs 5 ThenTRUE

5 Return$childRefMinOccurs 6 ElseFALSE

6 7

Figure5.1: ConstrainiCheckingFunction _ nChecki )

schemaChkDelEle Figure5.2: ConstraintCheckingFunction
delEleRssed

Figure 6.2 shows the rewritten Update-XQueryfrom the Update-XQueryin Figure

6.1. Thereis one updateoperationin the query i.e., DELETE $c in line 4. We can
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seethatlines 3, 5 and 6? in Figure 6.2 have beeninsertedinto this updateoperationso
that this updateis only executedwhen delElePassed(...) (line 5) returnstrue.
delElePassed(...) is a constraintcheckfunction which determineghe validity
of theupdateDELETE $c. The subqueryschemaChkDelEle(...) in line 3is a
function that providesinformationthatis neededoy delElePassed(...) to make

thedetermination.

1 FOR$pin document(“juicers.xml”)/jicer,
2 $cin $p/cost[1]

1 FOR$pin document(“juicers.xml”)/jger, 3LET $constraint=
2 $cin $p/cost[1] schemaChkDelEl¢'juicers.xsd",“juice r",“c ost”)
3 UPDATE $p 4 UPDATE $p
4 DELETE $c 5 WHERE delEleRassed$c,$p/cost,$constrait)
5 6 UPDATE $p

7 DELETE $c

8

9

Figure5.3: SampleUpdate-XQuery
Figure5.4: SampleSafeUpdate-XQuery

5.2 Consistencyfor XML SchemaEvolution

XML schemasupportsa variety of atomictypes(e.g.,string,integer, oat, double byte),
comple type constructqe.g.,sequencandchoice) andinheritancemechanismge.g.,
extensionandrestriction). The descriptionof XML schemadid not adoptall the con-
straintsprevalentin the databasditerature. While consisteng checkingof an XML-
Schemaspeci cationis intractablein certaincasedAFL02], checksfor the SAXE sys-
temfocuson constraintchecksconcerningype checking,componentalidity checking,
attribute and elementvalidity, and particle validity suchasthe quanti er minOccurs
andmaxOccurs values.Thereasoningaboutconstraintvalidationin SAXE is basedn
incrementalkconstraintchecks,andan updateis allowed on the schemaonly if it leaves

boththe XML schemaandthe XML databoth valid and conformingto eachother A

%line 6 is addedonly to meetthe syntaxrequirement.
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well formed XML schemameetsall the speci cationsof the World Wide Web consor
tium [W3CO01a]speci cationandall associate kML datashouldconformto constraints
onthe schemaAs for dataconsisteng we introducerulesthatwill guarante¢he notion
of validity for the evolving XML schema.Eachrule is a necessargonditionof validity
of the XML schema.We alsomalke the assumptiorthat the schemas valid beforeary

attemptof on alteringthe schemas made.

5.2.1 Constraint Rulesfor XML Schema

We presentn thissectionrulesthatguarante@an XML schemas valid aftermodi cation.
The rules are basedon the speci cationsof the World Wide Web standardW3CO01b].
The structureof the schemausedis verbosgCor02], meaningthatin suchschemastyle
the direct or immediatechildren of the schemaroot are referredto as global elements
andlocal whenthey arenestedn anothercomponent.in Figure4.1therootis element

<xsd:schema> .

Rule 5: SyntaxRule

This rule guaranteeshat elementand datatypesusedto constructschemasriginated
from the namespace SAXE updateoperationscan manipulatesafely any elementbe-
longing to the targetednamespace.The annotationsusedto constructSAXE schemas
are: schema, element , attribute , complexType , andsequence , this canbe
con rmed by looking at any elementon the schemguicers.xsdin Figure4.1 wherethe
namespace®ariablesusedare: xsd:schema , xsd:element , xsd:attribute ,
xsd:complexType ,andxsd:sequence . Eachof theelementof theschemaas
apre x "xsd:"  whichis associateavith thenamespacthroughthedeclarationBelowv

is thelist of namespaceariableghatcanbe manipulateby SAXE:
1. xsd:element
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2. xsd:attribute
3. xsd:complexType
4. xsd:sequence

Rule 6: Position Rule
This rule guaranteethatany componenhode,beit aglobalnodeor alocalnode,isin a
properpositionwithin the schema A schemasatis esthe Position Ruleif the following

conditionshold:

1. Let bereferredelemenin acomponenoftheschemavith namespacesd:element
havingref andavaluerefE _name asattribute,then ( thesetof global
componentof the schema) suchthat refEle _Defs. is anon-empty

globalelementode.

Thisconditionensureshatareferredelemennodewith namespacesd:element

is in aproperpositionwith respecto theschemaA referrednodeshouldbe posi-

tionedasa local elementof the schemaeg.q.,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 beanelementbof theschemahaving ref andvaluerefA _name asattribute

then suchthat refAttr  _Defs . is anon-emptyglobal element
node.
This conditionensureshatareferrednodewith namespacesd:attribute isa

localelemenbf theschemait hasasimmediateparentheelemenkcomplexType >.
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In Figure4.1 the non-globalcomponenjuicer refersin line 15 to quality, the re-

ferredelementnn line 15 hasasimmediateparent<complexType >.

. Let be anelementof the schemawith an attribute name anda valuee _name,

be animmediatechild of the root <schema >. This conditionguaranteeshe
position of a global elementin a verbosestyle schemawhich SAXE uses. For
examplelines2, 8,18,19,20and21 areimmediatechildrenof theroot<schema

> in juicers.xsdFigure4.1. They have all anattribute name identifying them.

. An element<xsd:complextype > of the schemais a local componentand,
hasfor immediateparenta componenhamede nition andfor immediatechild the

node<sequence >.

Forinstanceall theelement®f thescheman Figure4.1de nedwith xsd:complex-
Type havefor immediatechildren<sequence >. Forexamplelines3and9 have
respectiely lines4 and 10 (both correspondindgo <sequence >) asimmediate
child. Theimmediateparentof lines 3 and9 arerespectiely lines 2 and8; both

elementaving anattribute valuename.

. An elemenkxsd:sequence > is alocal elementof the schemandhasasim-

mediateparentthe elemenkxsd:complexType  >.

. 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 asimmediateparentthe element

<sequence > atline 10.

. An elementwith namespacexsd:attribute> andhavingref asanattribute

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

Rule 7: Referred ElementRule
Thisruleguaranteethecorrectnessf areferredelemenbntheschema. refEle _Defs
denedby refE _type, refE _name, minOccurs, maxOccurs thenthefol-

lowing conditionshouldhold:

1. refE _name emptystring.
This guaranteethevalueof refattributefor theelement notbeingnull. In Figure

4.1 we seethateachreferredelementhasref andits valueassigned.

2. refE _name= .e_name.
For instancen Figure4.1 ary referrednodeis an existing de ned global element
nodeof the schemaFor examplelines11,12,13 areall de nedin line 18,19 and

20respectiely.

3. The minOccus and maxOccus attribute and their value are not required,when

declaredheir valuehasto be setto a positive integer.

Rule 8: Referred Attrib ute Rule
This rule guaranteethe well-formenes®f areferredattribute nodein the schema.

refAttr  _Defs de nedby refA _type, refA _name, refA _use

if  isreferredlocally in acomponentlemenmnodethenit is valid if thefollowing con-

ditionshold:

1. refA _-name emptystring.with refA _name beingthevalueof ref .
For instancen Figure4.1atline 15therefvalueis notnull.
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2. ( the setattribute componenbf theschemg suchthat .refE _name
= .a_name
For instancen Figure4.1thereferredquality = componenhasbeenalreadyde-

ned by theglobalcomponenthodein line 21.

3. use with its assignedvaluerefA _use are not required,but whendeclaredthe
valueshouldnot be null. The possiblevaluesof use we canmanipulateaccord-

ingly in SAXE: areoptional ,required andprohibited

Rule 9: ElementComponentValidity Rule
This rule guaranteethevalidity of aglobalelement.
Let , Where e_type, e_name, refEle _Defs, refAttr _Defs .

Then iswell-formedandvalid if thefollowing conditionsaresatis ed:

1. , suchthat .e_name= .e_name.

This guaranteethatno duplicationof globalcomponenhamesoccurs.

2. xsd:element is the namespacesedfor declaring . For instancen Figure4.1
xsd:element is usedfor the declarationof juicer andcost atlines 8 and 18

respectrely.

3. If isof comple type,thenname s theonly attribute for the elemeninodedecla-
ration. For exampleline 8 of juicers.xsdscheman Figure4.1the componentas

for name juicer.

4. If isnotdeclarecascomple type,thenrefEle _Defs ,refAttr  Defs
, andthename with valuee_.name emptystring.
Thesecondossibleattributethatcanbeassignedo is typewith valuee_type For

instancdines18,19and20in Figure4.1thejuicers.xsdschema.
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5. If refEle _Defs thenwe have therequiremenbelow:

(a) An element<xsd:complexType/> is animmediatechild of an element
de ned with the namespacexsd:element > having oneattribute which

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

(b) Anelemenkxsd:sequence/>  mustbeanimmediatechildof  xsd:comp

lexType . For exampleline 10 of juicers.xsdscheman Figure4.1.

(c) Elementdbelongingto thesetrefEle _Defs musthave asimmediateparent
xsd:sequence . For examplethe referredelementon the juicer
componentn lines 11, 12 and 13 in Figure 4.1 have asimmediateparent

<xsd:sequence > atline 10.
6. If refAttr  _Defs thenwe have:

(a) The element<xsd:complexType > is immediatechild of the element

namedeclarationg.g.,line 9 of juicers.xsdscheman Figure4.1.

(b) refAttr  _Defs , hasasimmediateparenkxsd:complexType/>
e.g.,thereferredelementn thejuicer = componenatline 15in Figure4.1

hasfor immediateparent<xsd:complexType/> atline 10.

Rule 10: Attrib ute ComponentValidity Rule
This rule guaranteethevalidity of the elementattribute declaration
Let beidenti ed with a_type, a_name, iswell formedandvalidif thefollowing

conditionshold:

1. , such .a_name = .a_name. This guaranteeshat global

componenhamesarenotduplicates.

2. Thenamespacasedfor thecomponenattributedeclaratioris xsd:attribute

For examplein Figure4.lits quanlitycomponenttline 21.
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5.2.2 Application of Constraint Rulesfor SchemaUpdate

Changingan XML schemas only allowedif it leavesthe schemaand XML datavalid
andconformingto eachother

As we did whenwe weredealingwith changeghat originatedfrom the XML data,the
purposeherealsois to generatea safeupdatequeryfrom an XQuery statementvritten
with the intent of alteringthe schema. Contraryto dataupdateswhereonly the XML
datais alteredduringthe processupdatingthe XML schemamay resultin alteringboth
the XML schemaandthe XML data. The safe XQuery or XQueriesgenerateghould
leave the XML documentsn a consistenstate. Dependingon the type of updatesthe
safequeriesembedthe rulesthat shouldhold, andensurean updatewill not violate the
validity of theschemanorthe XML data.Table5.2summarizesherulesthatshouldhold

wheneeranupdatesintentis to altertheschema.

Application With rep_Glo_EleName:

Thepurposeof thisexampleis to shav how thesystemintegrity is keptduringtheschema
modi cation. rep _Glo _EleName is a querythatis written with anintentof replacing
the nameof a globalcomponenelementwith namespacgsd:element . An example
will be to replacethe nameof the componentsmalljuicer at line 19 by anothername
suchasnewvnamein Figure7.1locatedin Section7.1. This updatecaseis equvalentof
changingthe type of a non-emptycomponenfrom the schema.Validation: Let
bethetargetelemennode,with e_name oldname andwe wantto replacee _name value
with newname Theaimis thatafteralterationthemodi ed component andtheschema
mustbevalid. We assuméhattheschemas valid beforeany updates tried. Thechanges
hereaffect , precisely .e.namesoary componentf theschemdahatdepend®n need
to be adjusted. Also the instancesf 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

delLGlo_Ele Rule7 (2) ; Rule3(3) Querydeletegylobalcomponentvith xsd:elemenasnamespace
delLGlo_Atr Rule8 (2) ; Rule4 (1) Querydeletegylobalcomponentvith xsd:attritute asnamespace
delLRef_Ele Rule6 (6) ; Rule3(3) Querydeletegeferredcomponentvith xsd:elemenasnamespace

deLRef Atr Rule6 (7) ; Rule4 (1) Querydeletegeferredcomponentvith xsd:attritute asnamespace

deLmin Rule7 (3); Rule1 (1) QuerydeletesminOccurs

delLmax Rule7 (3) ; Rule2(2) QuerydeleteamaxOccurs

deluse Rule8 (3) ; Rule4 (1) Querydeletesuse

ins_eltName Rule5 (1) ; Rule6 (3) Queryinsertsanelementwvith nameattributeas xsd:elemenhame="value”
ins_attrName Rule10(2) Rule5 (2); Rule6 (3) Queryinsertsanelementvith nameattributeas  xsd:attritutename="value”
ins.compType Rule5 (3), Rule6 (4) Queryinserts xsd:compl&Tye

ins_seq Rule5 (4), Rule9 (5b) Queryinserts xsd:sequence

ins_.type Rule9 (4) Queryinsertstype for xsd:elemenhame="aname"type="atype”
ins_ref_Ele Rule7 (1,2); Rule3 Queryinsertsreferredcomponent xsd:elementef ="aname”

ins_ref_Atr Rule8(1),2; Rule4 Queryinsertsreferredcomponent xsd:attritute ref="aname”

ins_Min Rule7 (3); Rule1 (1) QueryinsertsminOccurs

ins_.Max Rule7 (3); Rulel(2) QueryinsertsmaxOccurs

ins_.use Rule8 (3) ; Rule4 (1) Queryinsertsuse

repref_Ele Rule7; Rule3(1,2,3) Queryreplaceseferredcomponent

repref Atr Rule8; Rule4 Queryreplaceseferredcomponent

rep.Glo_EleName|

Rule6(3),Rule9(1),Rule7(2);Rule3(3)

Queryreplaceghe nameof aglobalcomponenhamespacesd:element

rep.Glo_AtrName

Rule10(1)Rule9 (6 b); Rule4

Queryreplaceghe nameof a globalcomponenhamespacgsd:attrilute

Table5.2: ConstrainChecksClg$si ed By SchemdJpdateTypes




.e_hame oldnameaftertheupdatewve want .e_name newname

Changing .e_name will not violate the SyntaxRule becausechangedor this evo-
lution casedo not affect the namespacef the component. Before startingthe update
processone shoulddeterminethat the nodetargetedfor this namechangeis in facta
global componenin the schema.This is doneby checkingcondition3 of the Position
Rule With beinga global componentlementof the schemaupdatingthe nameof

will not have animpacton referredattributesof the schema.So thereis no needfor
checkingRefered Attribute Rule conditions. After alteration shouldbe a valid com-
ponent e_type, e_name, refEle _Defs, refAttr _Defs . Herewe are mod-
ifying .e_name, condition1 of ElementComponendalidity Rule guaranteeshe non
duplicationof the global componenin the schemaso this shouldbe consideredluring
this updateprocess.Anotherimportantfactto verify is condition2 of the Refered Ele-
mentRulg theconditionguaranteesomponenteferringto thealterednodearestill valid.
To checkthevalidity of theinstance®f thetargetnode in the XML data,condition3 of
ElementNodeValidity Ruleshouldbe checled.

We illustrate how the rule checksare doneusing XQuery; our running examplein
Figure5.5is a querywritten with the intent of renamingthe componensmalljuicer at
line 19in Figure7.1. For sucha querytwo safequerieswill begeneratedseeFigure5.6
for thetemplateof thegeneratedjueries).Onequeryis usedto updatethe XML schema
safelyandthe secondneis usedfor the XML dataupdate.

For $pin document(“juicers.xsd”)/xsdlement[@name=smalljuicer]
Let $childatr:= $p/@name
Update$p

replace$childatrwith newName

a b wnN Bk

Figure5.5: SampleXQueryFor RenameComponeniName

The original queryis rewritten by insertingthe necessarghecksin orderof allowing a

38



For $pin document(”juicers.xsd”)/xsdlement[@name=smalljuicer]

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

Update$p
|If Conditions Satis ed Update|

replace$childatrwith nevName

| Query For Data Updates

Figure5.6: TemplateFor thegeneratedueries

safeupdateontheschemaAnd anew queryis generatedior thedataupdatesin thetable
5.2,for rep _Glo _EleName oneneeddo checkthe Rule6(3), Rule9(1), Rule7(2) and
Rule3(3). We alreadywentoverthemon the validationpartabove. They aretranslated
into XQueryin Figure5.7. Checksfor Rule6(3) which is Position Rule Condition3 are
in line 3. The statementriesto nd if thetheroot of the XML schemas a direct par
entsmalljuicercomponento berenamed.Theretrieved informationis storedin $oval.
$pval helpsidentify if thenameto berenameds a globalcomponentode.lIf it is notthe
casethe updatewill notbeallowed. This canbe foundatline 7 of thesame gure. Line
5 queriesinformationthatguaranteefule9(1) is equivalentto condition1 of the Ele-
mentComponenvalidity Rule In casethereis alreadyin the schemaa globalcomponent
namewith newvnameit is storedin $child. And if $child is emptythenline 7 of Figure5.2
shavstheupdatewill notproceedecauseve don't wantduplicateglobalcomponentin
theschemaAt line 9 in thesame gure the XQueryfunctionreplaceRefS®emakessure
thattheRule7 (2) condition2 of Refered ElemenRuleholds. It will updateary element
of the schemareferringto smalljuicerto now referto newName For moreinformation

concerningreplaceRefSw seeFigure5.8. An XQueryis alsogeneratedor the XML
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data.Thefollowing paragraphalksaboultit in details.

1 For $pin document(*juicers.xsd”)/xsdlement[@name=smalljuicer]
2 Let $childatr:= $p/@name

3 Let $pval := $p/parent ~ @xmIns:xsd,

4 $cntpval := count($pval),

5 $child := $p/parent::*/xsd:elementf@name=newName”],
6 $childexist:= count($child),

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

8 update$p

9 Where replaceRefSke("juicers.xsd”, "smalljuicer”)

10 update $p

11 replace$childatrwith newvName

12

13

Figureb5.7: SafeXQuery Generatedror SchemaJpdates

The XQuery statemenin Figure 5.9 updateshe XML data. Line 1 storesall the
instanceof type smalljuicerin $child. The instancesarethenupdatedio nevNameat
line 4.

FunctionreplaceRefSw(*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 SchemadJpdategeplaceRefSwe
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For $child in document(“juicers.xml”)//smalljuicer
let child/parent::*
Update$p
renamebchild to "newName”

DU, WN PR

Figure5.9: SafeQueryGeneratedror DataUpdates

5.2.3 SemanticRestriction for SafeSchemaUpdate Generations

In the spirit of propagatingschemachangego the XML data,the SAXE framavork im-
posessemanticrestrictionsfor certainschemaupdateXQuery statements.Restriction
appliesto queriesthat manipulatethe constraintaminOccus, maxOccus andref. Such
gueriesrequirethe XPath-expr of in Figure3.4to specifythe nameof the com-
plexType componentvherethe modi cation will happengexamplethe binding $psd in
Figure 5.10 hasthe componeninamejuicer speci ed in its path. Mainly we needthe

nameof thecomponenherein orderto updatetheinstance®f juicer in the XML data.

1 For $pschin document(’juicers.xsd”)/xsdlement[@name="juicer”]
2 Ixsd:complaType/xsd:sequence,

3 $chin $psch/xsd:element[@ref="cost"]

4 update$psch

5 delete$ch

6

Figure5.10: Sampleof Queryto deleteareferredelementrom the Schema
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Chapter 6

SAXE Framework

6.1 Generationof SafeUpdate Queries

Our Overall ApproachFor SafeQuery Rewriting. In orderto allow only consistentip-
datego beprocessedn XML dataor XML schemaye aimto developaloosely-coupled
updatestratey that supportancrementakschemaconstraintcheckingby accessingnly
minimal partsof the XML documentsieededo performthe checks.Thekey ideais to
rst generatea safeUpdate-XQuerystatementrom a giveninput Update-XQuerystate-
ment. ThegenerategafeUpdate-XQuerystatementstill will be conformto thestandard
Update-XQuenBNF andthuscanbe safelyexecutedon any xQueryupdateengine.In
this way we succeedn separatinghe concernof constraintcheckveri cation from the
developmentbof the XML queryandupdateengine.

For the safequerygenerationwhenchangesriginatefrom the XML datawe have
to rst analyzeall updateoperationsupportedy the Update-XQuerjanguagean order
to designappropriateconstiaint chedking subqueries Whenchangesriginatefrom the
XML schemathenbesidesanalyzingUpdate-XQueryoperationsone shouldalso con-

siderthe type of changesallowed on an XML schemain orderto designappropriate
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constaint chedk subqueries The constraintchecksubqueriesake the input parameters
from theupdateoperatioranddeterminevhetherthe updateoperationis valid or not. For
thesafequery we exploit the capabilityof the XQueryquerylanguageo notonly beable
to query XML databut also XML Schema. This allows us to rewrite Update-XQuery
statementdy extendingthemwith appropriateXML constraintcheck sub-queriedor
eachupdateoperation.Theexecutionof anupdateoperationis conditionalon passinghe
constraintthecking.

lllustrating 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 canseethatlines 3,5 and6 in
Figure 6.2 have beeninsertedinto this updateoperationso that this updateis only exe-
cutedwhendelElePassed(...) (line 5) returnstrue. delElePassed(...) isa
constrainttheckfunctionwhich determineghe validity of theupdateDELETE $c. The
subqueryschemaChkDelEle(...) in line 3 is afunctionthat providesinformation
thatis neededoy delElePassed(...) to make the determination.We will further

discusghedetailsof thesetwo functionsin Section3.

1 FOR$pin document(“juicers.xml”)/juder,
2 $cin $p/cost[1]

1 FOR$pin document(“juicers.xml”)/jger, 3LET $constraint=
2 $cin $p/cost[1] schemaChkDelEl¢'juicers.xsd”,“juicer ",“co st”)
3 UPDATE $p 4 UPDATE $p
4 DELETE $c 5 WHERE delEleRassed$c,$p/cost,$constraint)
5 6 UPDATE $p

7 DELETE $c

8

9

Figure6.1: SampleUpdate-XQuery
Figure6.2: SampleSafeUpdate-XQuery
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Input T extual UpdateXQuery
Update -XQuery, Parser

Query statements

| .| ParseTree

3
onstraint Checking
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vUpdateXQuery

Safe
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l

Enhanced
ParseTree

Output Textual UpdateXQuery
Update-XQuery, Writer

ParseTree for
Safe
pdate-XQuer

Figure6.3: An IncrementalYet Loosely-CoupledJpdateProcessing-ramevork Sup-

porting XML Updatesvith SchemaCons

6.2 Framework

Figure 6.3 is the nal designof SAXE [KSR0Z framework, it generatesafe Update-

XQuery statemengiven an input Update-XQuery The safeUpdate-XQuerygeneator

traintvalidation

SAXEis composeadf thecomponentsiescribedelow:

1. Update-XQueryParser The parsertakesan Update-XQuerystatementand con-

structsa parsetreerepresentatiopASU86] fromit.

2. Update-XQuenAnalyzer Givena parsetree,the analyzerndenti es moredetailed

informationabouttypesof updateoperationsn the parsetree andderivesan en-

hancedparsetree.

3. Constaint Cheking TemplateLibrary. We generalizehe constrainicheckingpro-
ceduredy de ning namedoarameterizeXQueryfunctionscalledconstaint ched

templates Eachconstraintcheckingtemplateis in chage of checkingconstraints

for acertaintype of updateoperation.

4. Constaint Che&ing Fragments Eachschemaupdatetypeis associatedvith a set

of constraintsheckdranslatednto XQuery statementgyarameterizedndstored.
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In casethe updatedoesnot requirea dataupdatethenonewill have only onesetof
guerystatementghesestatementareinsertednto theoriginal XQuerytransform-
ing it into a safeXQuery intendedfor the schemaupdates.Whenthe updatecase
requiresdatachangesa secondsetof querystatementsvill begenerate@dnthe y

(right away), for asafeXML dataupdate.

5. Update-XQueryRewriter. The rewriter handlesthe actual generationof a safe
Update-XQueryBasedon the parsetree generatedy the Update-XQueryparser
it determinesow to rewrite the original Update-XQuerystatemenby pluggingin
the appropriateconstraintcheckingfunctionsfrom the templatelibrary andcorre-

spondinglymodifying theenhancegbarsetree.

6. Update-XQuernriter. The writer constructsa textual format of the modi ed
Update-XQuerystatemenfrom the enhancedgarsetree, which now is in a stan-

dardUpdate-XQueryformat. This canbe executedbe ary updatequerysystem.

6.3 Componentsof Constraint Checking Framework

We now describehe maincomponentsf the framewvork shavnin Figure6.3. We do not

describehe Update-XQueryVriter sinceit is straightforward.

1. Update-XQueryrarser

Givenan Update-XQuernystatementthe Update-XQuenparserconstructsa parse
treewhichis composemf objectsof classeshatweredesignedo storethe parsed
guery For example,aclassUpdateis de nedto storeupdateclausesSubclassesf

classUpdatearede ned for four typesof updateoperationsj.e., Delete Rename

InsertandReplacerespectrely.

2. SafeUpdate-XQuenAnalyzer
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Givenaninternalrepresentatioonf an Update-XQuerythe analyzemwill determine
a morespeci ¢ sub-typeof anupdateoperationif ary. For example,the analyzer
would examinethe contentof an objectof the classDeleteto classifythe update
aseitherdeletingan elementor deletingan attribute. The detailedinformation of
updatetypeswould thenbe embeddedhnto the original parsetree. We call the nev

parsetreeanenhancegarsetree

. Constaint Cheking TemplateLibrary

The templatelibrary functionsare usedfor safequerygenerationvhenchanges
originatefrom the XML data. The library storestemplateghat accountfor every

type of updatepossibleusing our Update-XQuerjlanguage(SeeBNF in Figure

3.4). A constrainicheckis composeaf threestepswhich are:

(a) Querythe XML schemao identify any constraintghat may be violated by

thespeci edupdate.

(b) Querythe XML documento gatherinformationpertainingto the tamget ele-

mentsor attributes.

(c) Compareheinformationretrievedfrom thetwo previousstepsandthusiden-

tify whetherthe constraintsvould beviolatedby theupdate.

Weillustratehow thisconstraintheckis donefor thedeleteof anelemenbperation
in orderto changeanXML data.TheconstraintheckfunctionsschemaChkDelEle
anddelElePassed shawnin Figures6.4and6.5jointly achiese thethreesteps

mentionecdabove.

TheConstaint Cheking FunctionschemaChkDelEle queriesheschemdi.e.,
stepl) for the informationrelatedto the constraintsthat may be violated when

deletingan element.Deletinganelement of elementtype canonly violate the
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FunctionschemaChkDelEle($xsdNan®parentEleNameichildEleName)

1

2 For $pDefin document($xsdName)/xsd:element[@nan&parentEleName],
3  $cRefln $pDef//xsd:element[@ref $childEleName]

4 Let$cRefMinOccurs:=$cRef/minOccurs

5 Return$childRefMinOccurs

6

Figure6.4: ConstraintCheckingFunctionschemaChkDelEle

FunctiondelEleRassed($childBindinghchildBindingRath,$childMinOccurs)
ReturnBoolean

1

2 LET $childinstCount= count($childBindingRBth),
3 Return

4 If ($childMinOccurs = $childinstCount 1

5 ThenTRUE

6 ElseFALSE

7

Figure6.5: ConstraintCheckingFunctiordelEleRassed

constrainobf arequiredminimumoccurrencef theelement®of type inthecontent
modelof 'sparent.schemaChkDelEle is to retrieve the minimumoccurrence
of elementf type $childEleNamein the parenttype parentEleNameln particu-
lar, line 2 queriesthe XML schemale, speci edby the le name$xsdNameto
nd the elementde nition $pDeffor type $parentEleName The elementde ni-
tion of $parentEleName subelementeferringto type childEleNameis storedin
$childRefin line 3. Line 4 thenretrievesthe minimumoccurrencef elementype

childEleNamedn parentEleName

Constaint Cheking FunctiondelElePassed checkswhetherthedataupdates

safebasedntheschemaonstraininformationcollectedoy schemaChkDelEle
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delElePassed is composedf two parts:

(a) Query over data (i.e., step2). Line 2 queriesover the XML documentio
nd the actualcountof instance®f type childEleNamethatare subelements
of thetargetobject. Theseinstancexanberetrieved by the XPathexpression
$childBinding Thefunctioncountontheretrievedinstanceseturnsthe count
of theseinstances.Thustherewould be only childinstCount- 1 instancef

type childEleNamef theupdateis allowedto occur

(b) Integration of query result over schemaand data (i.e., step3). Line 4
compareghe informationfrom the XML schemaanddata. It compareghe
minimum occurrencerequirement(i.e., childRefMin) and the actualoccur
renceif the updatewereindeedto proceed.In this example,this would be
childinstCount- 1. If actualoccurrenceafterthe updatehad occurredwere
largerthanthe minimumoccurrenceequirementthis checkis passeandthe

updateoperationis regardedasvalid.

4. Constaint Che&king Fragments.
The On Fly Queries(SafeQueriesgeneratedor the XML schemandXML data
updatesvhenchange®riginatefrom the XML schemapccountdor all constraint
checkstranslatednto XQuery statement$or eachpossibleupdatetargetedduring

within SAXE, on XML schemasA safeupdateon the schemas obtainedby:
(a) QueryXML schemato identify pertaininginformationthat may be violated
whenthe updateis applied.
(b) Updateschemaaccordinglyif operationallowed.

(c) UpdateXML datadocumentgo re ect changesf the schemagpertainingto

targetedelementsaandattributes.
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5. SafeUpdate-XQuenrRenriter

The SafeXQuery Rewriter traverseghe enhancegarsetree. For eachupdateop-
eration,basedntheupdatetype,the Rewriter determinesvhich templatefunction
shouldbe usedfor checkingthe constraintof the update. Sinceeachtemplateis

parameterizedhe Rewriter would alsoinstantiatehe parametersvaluesfor these
parameterganbe identi ed throughthe analysisof differentpartsof the parsed
XQuery Thiscanbeseenin Figure6.2. ThedelElePassed templatefunction
takesin ve parameters$o executeits query For this particularexample, $c (the
elementinstanceto be deleted),$o/cost “juicerxsd (the le nameof the XML

Schema),’juicer’ (the type nameof the parentelementof the to-be-deletectle-
ment)and“cost (thetype nameof theto-be-delete@lementjarethe veinstanti-

atedparametersespectiely.

Onceall parameterdiave beenassignedvalues,the Rewriter needsto insertthe
instantiatedemplatefunctioninto the original query The Rewriter modi es the
parsetree by insertingthe constraintcheckingfunction for examplevia a where
clauseprior to the associatedipdateclause(as shovn by the examplein Figure
6.2). After all modi cations have beendoneto theoriginal updateXQuery, thesafe
XQuerygeneratioris complete.Finally, a resultingsafeupdateXQuery statement

is produced.

6.4 Discussionof SAXE Systemimplementation

SAXE systemis basedon Kweelt [SD02], a queryenginefor the Quilt XML querylan-
guagg CRF03, aprecursonftheXQuerystandarddevelopedoy theUniversityof Penn-
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sylvania.Kweeltis composeaf two parts,i.e.,thelanguaggarserandlanguagesvalua-
tor. The parsertakesa textual Quilt statemenandconstructsa parsetreeif the syntaxof
the statemenis correct. The evaluatorthenexecuteghe queryagainsthe data.First, we
have extendedthe Java CompilerCompiler le (JaraCC)whichis aJavaparsergenerator
in Kweelt sothatthe Update clausesareacceptedy the languageyarser Secondwe
have extendedthe evaluatorso that an Update-XQuerystatementanbe executed. The
Kweelt Systemwasalsoextendedto supportthe generatiorof safe Xqueries. The safe
XQuery supportwas designedo be independenfrom the updateexecutorin orderto

allow the updateexecutorto handleboth safeandnonsafeupdateXQueries.
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Chapter 7

SAXE Experiments

7.1 Experimental Setup

Intr oduction

Experimentavereconductedo evaluateSAXE system.The purposeof this sectionis to
reporton theseexperimentson the SAXE system studytheir resultsand comeout with
asolid understandingf SAXE performancelt is importantalsoto identify caseswhere
the safeupdateoperationsf ciency will outperformnative XML updatetools available
for updatingXML documents.Eachexperimentwasrun tentimes,andthe resultused
is the averageover tenruns. In generalthe main measuresinderconsideratiorarethe
time spendin (ms) to achievze an actionandthe numberof itemsmodi ed in the XML
schemaor XML datadocuments.The size of the XML les may vary, dependinghe
experimentbeing performed. In orderto make the resultscoherentand easierto fol-
low we decidedto carry XML schemguicers.xsd in Figure7.1andthe XML data
juicers.xml in Figure7.2as les to modify accordinglyfor our testspurposes.The
schemale juicers.xsd hasroot the element schema on thetop of the le. It

containsalsothreecomponentghat canbe instantiated;juicers, juicer and smalljuicer,
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1<xsd: schema xmins: xsd' = >
2 <xsd: element name = “juicers”>

3 <xsd: complexjpe>

4 <xsd: sequence>

5 <xsd: element ref = “juicer” minOccurs = “0” maxOcesuUsinbounded”/>

6 </xsd: sequence>

7 </xsd: element>

8 <xsd: element name = “juicer’>

9 <xsd: complexjipe>

10 <xsd: sequence>

11 <xsd: element ref = “name”/>

12 <xsd: element ref = “image”/>

13 <xsd: element ref = “cost” minOccurs = “0” maxOccurs =tfaanded” />
14 <xsd:element ref="smalljuicer" minOccurs="0" maxOccurs="unbed
15 </xsd: sequence>

16 <xsd: attribute ref = “percentage” use = “optioral’/

17 </xsd: complexpe>

18 </xsd: element>

19 <xsd:element name="smalljuicer">

20 <xsd:complexype>

21 <xsd:sequence>

22 <xsd:element ref="name"/>

23 </xsd:sequence>

24 </xsd:.complexype>

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 Schemguicers.xsd

it hascomponentle nitions which arethe following nodes:name image, cost saleand
percentage. Theoriginal data le juicers.xml hasoneinstanceof componentom-
posedof ve sub-nodesTheschemandXML datadocumentsarealteredaccordingly
by addingmoreelementsiodescomponentsiodesjnstancenodesetc.

Execution Platform

All experimentswere performedon the samemachinein orderto allow propercom-
parisons. The platform executionis Microsoft Window XP. The processois an ADM
Duron700MHz. Thetotal of memoryon the machineis 128 Megabytes.An attemptto

minimizethein uence of otherprocesdimeson theresult,all applicationswereclosed
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<juicers>
<juicer>
<name>OJ Home Juicex/name>
<imagerimagedmighty oj.gif</image
<cost41.95/cost
<sale-30.1G</sale>
<smalljuicep
<namertr opicana</name
</smalljuicep
</juicer>
</juicers>

Figure7.2: SampleXML Document;juicers.xml

duringtheexperimentswith the exceptionof the DOS commandvindow usedto runthe
experiments.

StatisticsData SetsUsed
While testingthe safeupdatequeriesthe following elementsandconstraintscanbe ma-

nipulatedin the XML schemalocuments:

Thenumberof elementaind/orattributede nitions in the XML schemalocuments

Thenumberof componentfrom theschemdhatcanhave aninstance instantiable

in the XML documentles
Thenumberof referrednodesn acomponent

Thetotal numberof elementf theschema
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The numberof xsd:compleType constantelementsusedin the XML docu-

ments

Thenumberof xsd:sequence constanhameelementsisedin the XML schema
Theconstraintype whichis anattribute of the elementor attribute de nition
TheconstraintminOccurs whichis anattribute of areferrednodeelement
TheconstraintmaxOccurs whichis anattribute of areferrednodeelement
Theconstraintref whichis anattribute of areferrednode

The smallestXML schemale usedwhile runningthe experimentss the original
sourcgjuicers.xsdin Figure7.1. The le is madeof 3 componentsinstantiable,
meaningthey canhave instance®n a XML datadocumentthosecomponentsre
juicers, juicer whichrefersto veelemennode andsmallerjuicer The le holds
alsocomponente nitions whichare:name image, cost saleandpercentaye. The
originalschemale hasroot sdiema onthetopistherootandthenumbertotal

of nodess 22.

Thenumberof elemenin alargestXML scheméas42 "instantiables’component

nodescomponentle nitions. The les is madeoff atotal of 374nodes

For the XML datadocumentshefollowing changesanbedone:

Altering anelemeninodesuchasdelete add,andmodify
Altering anattribute of anelemeniode

Altering thenumberof elementodesof the XML document
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ThesmallestXML data les usedduringthe experimentis the juicers.xml in
Figure7.2which hasatotal of 7 elemenihodes.The XML data le is composeadf
2 instancesiodeswhich arejuicer andsmalljuicerwheresmalljuiceris a child of

juicer.

The numberof elementan alargestXML les is composedf 20,000instances,

with atotal of 60,000elements.

7.2 Experimental Results

All theexperimentdelonv wereexecutedbnaschemale obtainedoy alteringtheoriginal
juicers.xsd in Figure7.1andtheoriginal juicers.xml in Figure7.2. Alteration
wasdonedoneby adding,deletingand modifying elementsand attributesof the XML

documentsThetime factoris importantin evaluatingthe performancesoin mostexper
imentsthetime variationis plottedasa functionof theitemsof the schemar XML data

whenachanges usingSAXE system.

7.2.1 SafeUpdatesQueriesGeneration Time

Oneof the SAXE systemgoalswasto bea middlewvareportablein ary databaseystem.
In thatsenseéheQueryReawriter partis setto beindependenof ary otherin uencesother
thatthe text queryinput beingtransformed.This testshavs that XML document(such
asthe size or the numberof elementso modify) doesnot affect the query generation
time. Sothe purposeof thistestis to have anapproximatadeaof how long it would take

to generatedhe safequeryfor the sampleof queriesusedin our example. The results
obtainedfrom the evaluationhave two typesof metricscollected,namelythetime spent
parsingthe original queryandthe time spendgeneratinghe safequeries.The timer for

thegeneratiorof the safequerystartswhenthe parseris invoked,andstopswhenthe safe
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Figure7.3: Time for QueryGeneration

guerieshasbeenwritten to the output les. Testswere performedto studythe variation
timesfor thesafeupdatequerygenerationsvhenthesizeof the XML schemalocuments
involved are increasedoy 5000 new elementsafter eachtest. Four differenttypes of
guerieswere usedto studythe safequeriesgeneratiortime here. They areins _type
ins _compType, ins _Max, andins _Ref !. Eachquerywasrun tentimesandthe
resultsaveragedo have thetimeit takesto generate query SafeQueriesnveregenerated
basedon the analysisof the original querystatementewritten to alterthe XML schema.
As expectedthe chartlines of the graphin Figure 7.3 are almosta straightline, which
shows the XML documentglo not in uence the querygeneratiortime. The sampleof

gueriesusedcan be divided into two differentgroups,queriesthat give one safequery

1Thefour exampleof queriescanbefoundin AppendixB.
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asresult(ins _type andins _compType) and queriesthat give two queriesas safe
updatequeries(ins _Ref andins _Max). We notealittle moretime is spentgenerating
asafequeryfromins _type thangeneratingasafequeryfromins _.compType even
thoughthe two querieshave almostthe samesize. This time differenceis mainly due
to the differenceof checksthatneedto be addedto eachqueryin orderto make it safe.
ins _type requiresmorechecksto beaddedo theoriginal queryto producea new safe
query Thequeriesfor which two queriesaregeneratedsa resultthe time to construct
with the safe queriesis almostthe same. This is due to the fact both query samples
ins _Ref andins _Max have almostthe samesizeandit takesthe sameprocesso come
outwith necessargafechecksor rewriting the safequeries.Also for thesamplequeries
usedhere,we noticeatime differencebetweerthetime it takesto generatenequeryas

safequeryor two queriesassafeupdate.

7.2.2 Analysisof Replacea ComponentName (Type Change)

The purposeof this testis to studythe time ef ciency for the safeupdatewhenreplac-
ing the nameof a component.During the testwe usedvariablesizesof XML schemas
and XML data les. Eight differenttestswere run on the schemashown in Figure7.1
andfour differenttestswererun on the XML datain Figure7.2. The resultis plotted
in Figure7.5. In both experimentghe numberof modi ed elementsluring eachtestin-
creasegproportionallywith thesizeincreasef the les. Theresultsrepresentheaverage
over tenruns. Consideringhe factthat XML usestag hamessometimesastypeidenti-
cation, replacinga componennamein the schemds the sameasa type changean this
case.A componentype changedn the schemashouldleadto changesn the XML data
document.If a queryis written with the intent of replacingthe nameof a compleType
componennodethentwo querieswill be generatedtalledsafe _rep _-namexsd and

safe _rep _name_xml. We measurghetime it takesto updatethe schemale by exe-
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cutingsafe _rep _name_xsd . Theresultis presentedn Figure7.4. Thetime to update
theXML datadocumentvasmeasuredby executingsafe _rep _namexml onthe XML

data.Theresultis plottedin Figure7.5.

In Figure 7.4 the executiontime is graphedas a function of the numberof component
alteredduring the operation. At eachtestthe numberof alterednodeswas increased.
We endup with alinearcompleity time whenthe numberof modi ed componentsary.

Notethatupdatingmultiple of elemeniodesat the sametime updatewill bemorebene-
cial thanasmallnumberof updatesTheline in Figure7.4shavsthatoneupdatetakes
1151msecwheread Oupdatesake 1162msecand20 updatedake 1302msec.We found
againthesametrendwhensafe _rep _-name_xml is executedona XML data(thenum-
berof modi ed elementss increasediuringeachteston x-axis). We seethis samdinear

time compleity for thedataupdatesn Figure7.5.

Figure 7.6 compareghe executiontime of the querysafe _rep _name_xml to the ex-

ecutionof the querysafe _rep _-namexsd . The resultswereobtainedby runningthe
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gueriesonthe XML documentsvherethe numberof alteredcomponentsn the schema
is the sameas the numberof alteredelementsn the XML data. Thatis, the le size
growth is kept proportionalduring eachtest. Here the time for updatingthe schemass
more expensve thanthe time it takesto updatethe XML data. This is dueto the dif-
ferenceof methodretrievals betweerthe two updatequeries.Theretrieval time between
the variantsare reducedwhenwe have multiple matchesaccesseance[FG02] on the
qguerysafe _rep _name_xml we wereableto drop mostof theinformationstructureof
the pathand also accesghe elementdo alter all at once, This way the executiontime
of safe _rep _name_xml is cheaper We canconcludealsothatchangingthetype of a
componentor thesampleof queriesusedin SAXE is linearwhenthenumberof modi ed

elementss beingincreased.

7.2.3 Comparing UpdatesGenerating Only SchemaChanges

Now let'sexaminesomepureschemaipdatesthosedo notinvolve any dataupdatesThe
safequerieschosenfor this testare: safe _ins _name, safe _ins _type , safe _ins
_compType andsafe _ins _sequence . safe _ins _nameis asafequeryusedfor in-
sertingnameasits valuein acomponentle nition of theschemaAs resultwe will have
xsd:element  name "givenValue" . safe _ins _type alterstheelemento
xsd:element name "givenValue" type "givenType" by insert-

ing the attribute type The queriesins _compType andins _sequence insertre-
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spectvely xsd:complexType and xsd:sequence into the schemasafely
They areusedin the processof makinga complexType component.In this experiment
ratherthanchangingthe numberof modi ed elementson the schemaandthe sizeof the
schemawe changethe type of safequery executedon the schema. The resultsrepre-
sentedare the averagesover tenruns. The chartsin Figure 7.7 investigaterespectrely
thetimeto generatandrunsafe _ins _name, safe _ins _type ,ins _.compType and
ins _sequence . Fromthegraphin Figure7.7 we canconcludethe executiontime of
insertingan attribute nodeis slightly lessexpensve thaninsertingan elementinto the
SAXE system.Also we foundthatall the safeinsertionoperationgake almostthe same

time eventhoughtheitemsandthe positionof theinsertionarenotthe same.
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7.2.4 Efciency Time Insertion for minOccurs maxOccursand ref

Constraints

Theseexperimentdocusonthecostof updatingsomespeciatargetconstraintsThecon-
straintsareminOccus, maxOccus andref. Thestudybelow will analyzethesafequeries
generatedvhen the minOccus, maxOccus and their valuesare modeledas XML at-
tributes.For areferrednodein agivencomponenasin Figure7.1thecomponenjuicer at
line 8 refersto anelementostatline 13. Herereferringto agivencomponents thesame
asinsertingref attribute into a nodeof the schemaSuchactiongenerate$wo queriesas
resultof safeupdatesthe two queriesarecalledasins _ref xsd andins _ref xml.
The queriesfor minOccus insertionareins _min xsd andins _min xml. The rst is
executedon the schemawhile the secondwill modify the XML data. The queriesfor
maxOccus areins _ref xsd andins _ref xml modifying the schemaandthe xml
datarespectrely. Theexperimentsdbelon wererunwith avarietyof sizesof XML docu-
ment les. Eachtestwasruntentimesto getanaccurateneasureWe will analyzerst
thetime spendexecutingthe safequeriesin the schemaandsecondhe executionfor the

updatenthe XML datadocument.
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SafeQuery Execution Time For The targetedConstraints on the Schema

This experimentis to studythe executionof threedifferentqueryschemachanges.The
resultpresenteds the averageof tenruns. The costis graphedasa in function of the
numberof elementsn the schema.The size of the schemas increasedafter eachtest.
Figure 7.8 shaws thatit is a bit cheapetto executeins _ref xsd thanins _Min xsd
andins _Maxxsd . This differenceis mainly dueto the factthat the safequery state-
mentin thetwo latestcasesarriesmorestructuralinformationin their path. In orderto
allow arefandits valueto beinserted onenecessargonditionis to give the component
namewherethe insertionwill happen.For the insertionof minOccus and maxOccus
we have two necessargonditions:the componenhamewheretheinsertionwill happen
shouldbe givenandthe nameof the referredelementinto which the quanti ers will be
insertedshouldbe alsospeci edin the query We notethatquerieswith morestructural

informationin their pathtake slightly longerto execute.
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The averagegrowth ratefor the executiontime of thosequerieswhenthe schemale is
increasedy oneelements lessthan0.26 msec.However with this approactonecannot
do a bunchof updatesat oncein differentglobal componentsmeaningthe insertionof
minOccus andmaxOccus is possibleonly in onecomponengatatime. This restriction
onminOccusandmaxOccusis setupin orderto propagateheupdatego the XML data
document.Note this restrictiondoesnot hold for ref wherea large quantity of updates

canbedoneonce.

SafeQuery Execution Time for minOccurs maxOccursand ref on the Data.
Restrictionwas setto allow only one componentupdateat the time when modifying
minOccus and maxOccus, this restrictionwill allow the propagatiorof the updatego
XML data.Oneschemaipdatemayresultin a quantityof updateonthe XML data.This
teststudyhow efcient ins _ref xml,ins _Min xml andins _Maxxml arewhenex-
ecutedona XML data.We chooseo useavariablesizedXML data le with thenumber
of elementof the XML datadocumentfor the rst testbeingequalto 60. This number
is multiplied by 10 after eachtest. Also the numberof elementdo alteris increasedy
settingthe numberof alteredelementon a testequalto 10 power t wheret is the test
number The chartin Figure 7.9 plots the time asa function of the numberof modi ed
elementon the XML data. As expectedall the threeplottedlines arealmostthe same.
Thepurposeofins _ref _xml istoinsertadefaultchild, thedutyofins _min xml isto
setupdefaultchildrenwhennecessargndins _maxxml wouldbeto deletetheelement

whennecessary

Theimportantthing to noteaboutthis testis thatwe have a big gainwhenalteringamass
of elementnodes.Altering 100 elementdakesaround1460msecand6500msecfor al-

tering1000elementsf thedata.
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SAXE SafeUpdatesVersusThird Party Validator

Now thatwe have studiedin generakhe ef ciency of SAXE safeupdatesthe next inter-

estingstepwill beto compareSAXE with oneof-the-shelfavailabletools. We usedXSV

aJavabasedXML-Schemavalidator[Tom0Z asacomparisoriool. Eventhoughtheend
resultof SAXE and XSV is to know if an XML documents valid or not, the problems
they addressaredifferent. SAXE favors incrementalkconstraintcheckinginsteadof re-

validationfrom scratch. It alsoaddressethe validationproblemthat would occurwith

manualupdates.The purposeof this experimentis to comparethetime it takesto safely
updatean XML documentusing SAXE or XSV. Using SAXE to achieze an updatethe

typershouldwrite afour line xQuerystatementpneshouldqueryandexecute.

As resulta pair of safequeriessafe _rep _namexsd andsafe _rep _-namexml will
begeneratedsafe _rep _-namexsd will beexecutedo updateheschemandsafe _rep
_name_xml will be usedto updatethe XML data. Using XSV to achieze a component
typechangempliesmanualupdateswhichin somecases almostimpossible€for instance
whenthe numberof elementdo be modi ed of the schemas very large. This would be

doneby going throughthe completedocumentandalteringall the elementsaffectedby

64



DThird Validator DOISAXE Data Update ESAXE Schema Update

3000 -
2500 ~

2000 -+
1500 -
1000 -
500 -
0 \

o o

S S

re) o]

Y

Number of Elements on the XML Documet

Time in (msec)

2500 E
3000 —
3500 |
4000

4500
5000

=3
@

Figure7.10: SAXE VersusValidator

the componenthangedandthenrunningthe XML les throughthe validator The other
choiceis to runthesafequeryfrom the XML documentirectly andlet thevalidatorcom-
plain aboutthe updatedeinginvalid. Neitherof thelatertwo methodsseemsornvenient.
In Figure 7.10the plotted time for the XSV validatoris the time it takesfor veri-
fying the validity of a modied XML le. Also Figure 7.10 plots the time it takesto
validatean XML dataor XML Schemale usingSAXE. Thetime is setasa function
of the numberof elementdn the XML document.The resultsin both graphsrepresent
the averagef tenruns. The plot depictedin Figure7.10shows thatthe executiontime
usingthe validatoris lessthanthe time it takesto executesafe _rep _-namexsd and
safe _rep _name_xml . But this doesnot meanthatthe safeupdateis lessef cient. As
we saidabove, the agumentis that SAXE is a onestepprocessvhereupdatesareonly
performedoncethe updatesaredeemedsafe. Soon onehandall the attemptdor invalid
updatewill bepreventedandontheotherhandthis couldallow a setfor safeupdatesall
atonceto be committed.This is not the caseof the validatorwhereonenon safeupdate
will requireto roll backandredoof all theupdatesIn our experimentthe numberof el-

ementmodesmodi ed while updatingthe XML schemaor XML datausingSAXE is ten
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percentbf thetotal numberof elementonthe XML documentWe concludethat SAXE
combinedwith the available editor suchas XMLSpy [XML ] would be a powerful and
ef cient updatetool for XML documentsSAXE worksin XML documentgpresentedn
averboseorm schemaout it allows automaticandmultiple safeupdatesonce.We could
useXMLSpy [XML ] transforma scheman a verboseform andthentake advantageof

SAXE updategools.

66



Chapter 8

Conclusion And Future Work

8.1 Conclusion

In this thesis,we have proposeda lightweightapproachto ensurethe structuralconsis-
teng/ of XML schemandXML dataafterupdatesMore preciselyl proposedo rewrite
an Update-XQuerystatemeninto a safeUpdate-XQuerystatemenby embeddingcon-
straintchecksubqueriesnto the formerquery This approachs lightweightin the sense
thatit canbe implementedas a middlevareindependentf any underlyingsystemfor
XML datamanagementThekey partsaccomplishedor this thesisaresummarizede-

low:

1. Proposedh queryrewriting approachthat convertsan Update-XQueryinto a safe

query

2. Analyzedschemaspeci cations,anddevelopedrulesthatensurehecorrectnessf

eachupdateoriginatingfrom the XML dataor theschema.

3. ProducedXQuerytemplatdibrariesto supportsafeupdatesvhenalterationsorig-

inatefrom XML DataUpdates.
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4. ProducedXQuery statement®n the y to supportsafeupdatesvhenalterations

originatedfrom the XML Schema.

5. Implementedthe safe query generationwhen changesoriginate from the XML

schema.

6. Performedexperimentaktudiesfor the SAXE System.

8.2 FutureWork

Currently our safetycheckingsemanticss at the atomiclevel, i.e., eachatomicupdate
on asingle XML elements allowedif this updateleadsto a valid XML document.As
next step,we would explore the conceptof transactionalipdate,.e., a batchof updates
areonly allowedto be executedif the overall effect of executingthemleadsto a valid
document.An other eld of interestwill beto investigatea bestincrementalalidation
algorithmoverupdatesisingXQueryon XML documentsTheef cient algorithmscould
be usedin scenariosvhenupdatequeriesinvolve more complex manipulationof entire
subtreedor instancevhendeleting,insertingor renaminga large quantityof elementsor
componentsafelyin orderto boostSAXE systemperformance Also extendingSAXE
updatedo othertractableconstraintthecksnot considerediuringthis studysuchaskeys

will beanvaluabledomainstudyalso.
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Appendix A

Safe Queries For XML Data Updates

AppendixA givesparameterize®Queryfunctionscalledconstaint chekingtemplates
Eachconstraintcheckingtemplateis in chage of checkingconstraintdor a certaintype
of updateoperationfor the XML dataupdates.

FunctiontranslateUse($usestatus)

return

if count($usestatus)0

thenoptional

else$usestatus
FunctiontranslateUseinterprettheuse value

FunctiontranslateOccurs($contains)
return

if count($contains¥ 0

thenl

else$contains
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FunctiontranslateOccus: Interpret minOccus maxOccus value

FunctioninsertEpassed($childbinddocxsd $pname$cname)
For $pschin document($docxsd)/xsd:element[@nan$pname],
$xrefIn $psch//xsd:element[@ref=$cname]
let $maxoccurs= $xref/@maxOccurs,
$counted= count($childbindN),
$val := translateOccurs($maxoccurs),
$check= count($xref)
return
if ($val $counted+ 1
or $val = "unbounded’or $check=1)
ThenTRUE
elseFALSE

Constaint Cheding Function: Insertan element

FunctioninsertApassed($docxsd,$pnarfianame)
For $pschin document($docxsd)/xsd:element[@nantgpname],
$schattin $psch//xsd:attribte[@ref=$aname]
let $use:= $schattr/@use,
$useR = translateUse($use),
$exist := count($schattr)
return

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

Constiaint Cheding Function: Insertan attribute

FunctiondeletedApassed($childAfdocxsd,$pname,$cname)
For $pschin document($docxsd)/xsd:element[@nantgpname],
$schattin $psch//xsd:attribte[@ref=$cname]
let $use:= $schattr/@use,
$useR = translateUse($schattr/@use),
$exist := count($schattr)
return
if ($useR="optional” andexists($childAtr)=TRJE)
ThenTRUE
elseFALSE

Constaint Cheding Function: Deletean attributenode

FunctionrenameDelApasse&childAtr, $docxsd $pnamegcname$nname)
For $pschin document($docxsd)/xsd:element[@nantgpname],

$schattin $psch//xsd:attribte[@ref=$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($atrbirtjocxsd,$pnamé&nname)
For $pschin document($docxsd)/xsd:element[@nantgpname],
$schattin $psch//xsd:attribte[@ref=$nname]
let $use:=$schattr/@use,
$useR = translateUse($use), $exist:=count($schattr)
return
If ($useRI="prohibited” and$exist=1)
ThenTRUE
elseFALSE

Constraint Chedking Functions:Renamean attribute

FunctionrenamedelEpassed($chifgthildbindN,$docxsd,
$pname,$cname,$nname
For $pschin document($docxsd)/xsd:element[@name
$pname],
$xrefIn $psch//xsd:element[@ref=$cname]
let $minoccurs= $xref/@minOccurs,
$val := translateOccurs($xref/@minOccurs),
$counte := count($childbindN)
return
If ($val $counte -1 and
count($child)= 1 and($cname= $nname))

ThenTRUE
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ElseFALSE
FunctionrenameinsEpassed($childbinfilocxsd $pname$nname)
For $pschin document($docxsd)/xsd:element[@nan$pname],
$xrefIn $psch//xsd:element[@ref$nname]
let $counted= count($childbindl),
$maxoccurs= $xref/@maxOccurs,
$val := translateOccurs($maxoccurs),
$check= count($xref)
return
If (($val $counted+ 1 or $val = "unbounded”yand$check=1)
ThenTRUE
elseFALSE

Constaint Cheding Functions:Renamea tag name
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Appendix B

Safe Queries For Schema Updates

AppendixB givessampleof updatequeriesntendedor the XML Schemaevolutionand
their generatedafeupdates.

Query intent to deletea global element:

Sample of Query
For $pschin document(”juicers.xsd”),
$childin $psch/xsd:element[@narrécost’]
update$psch
delete$child

Deletea global element.del _Glo _Ele

Safe Query generated for del _Glo _Ele

1. FunctiondelRefComOnSchema($schemadiahildBindingRefName)
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For $prefin document($schemadoc)//xsd:sequence,

$childin $pref/xsd:element[@ref$childBindingRefName]
update$pref

delete$child

FOR$pschIN document(’juicers.xsd”),
$child IN $psch/xsd:element[/@name’cost’]
let $fun := delRefComOnSchema(’juicers.xsaHst”)
update$psch
update$psch
delete$child

SafeQueryGeneate For ShemaFromdel _Glo _Ele

2. For $child in document(”juicers.xml”)//cost,
$pin $child/parent::*
update$p
delete$child

SafeQueryGeneate For Data Fromdel _Glo _Ele

Query intent to deletea referred component
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Sample of Query

For $pschin document(”juicers.xsd”)/xsd:element[@name="juicer”]
$chin $psch/xsd:element[@ref="cost”]
update$psch
delete$ch

Samplaleletereferredelement:.del _Ref _Ele

Safe Queries Generated for del _Ref _Ele

For $pschiN document(’juicers.xsd”)/xsd:element[/@namyguicer”]
Ixsd:complaType/xsd:sequence,
$chIN $psch/xsd:element[/@ref’cost”]
update$psch
update$psch
delete$ch

SafeQueryGeneatedFor Sdhhema

For $p in document(”juicers.xml”)//juicer
$childin $p/cost
update$p delete
$child
SafeQueryGenentedFor Data
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Query intent to insert a dir ectelement:

Sample Query

For $pschiN document(”juicers.xsd”)
update$psch

insert xsdelement

Sampldansert element :ins _Dir _Ele

Safe Generated Query

1. Functiondo_cont\al_check($result)
return
if ($result= )
thenTRUE
elseFALSE

Functiondo_Contagcheck($contentName)
return
if ($contentName"xsd:element”
or $contentName"xsd:attritute”)
ThenTRUE
elseFALSE
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For $pschiN document("juicers.xsd”)
update$psch
WHEREdo_Contagcheck("xsd:element”)ando_cont\al_check( )
update$psch

insert xsd:element

SafeQueryGeneatedFor ShemaFromins _Dir _Ele

Query intent to insert a 'name” andit'svalueon element

Sample Query

For $pin document(“juicers.xsd”)//xsd:element
update$p

insertnew_attribute("name”,”"maryamjuice”)

Samplenserts’name”: ins _eltName

Safe Generated Query

1. For $pIN document("juicers.xsd”)//xsd:element
let $pval := $p/parent::*/@xmins:xsd
let $cnt:= count($p/@name),
$cntpval := count($pal)

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

INSERT new_attribute ( "name”, ’maryamijuice” )

SafeQueryGeneatedFor ShemaFromins _eltName

Query intent to insert complexType

Sample of Query
For $pschin document("juicers.xsd”)/xsd:element[@name="juicer”]
update$psch

insert xsd:.compleType xsd:compleType

insert complxType query:ins _.compType

Safe Query generated

1. For $pschin document(’juicers.xsd”)/xsd:element[/@namguicer”],
$ptypein $pschnot(@type)],
$pnamen $ptype[@name]
let $cre:=count($pname//xsd:element),
$cra:= count($pname//xsd:attrilbe)
update$psch
WHEREO $creand0 $cra

update$psch
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INSERT xsd:compleType

Safe Query For Schema From ins _compType

Query intent to insert a local element:

Sample Query

For $pschin document(”juicers.xsd”)/xsd:element[@name="juicer”}/
xsd:compleType/xsd:sequence
update$psch

insert xsd:element xsd:element

Samplansert element aslocal elementins _Loc _Ele

Safe Generated Query

1. For $pschiN document(’juicers.xsd”)/xsd:element[/@nam§uicer”]/
xsd:complaType/xsd:sequence
update$psch/
update$psch/
INSERT xsd:element
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SafeQueryGeneatedFor ShemaFromins _Loc _Ele

Query intent to insert "r ef”

Sample Query
For $pin document(’juicers.xsd”)/xsd:element[@name="juicer”]/
xsd:complaType/xsd:sequence//xsd:element[5]
update$p

insertnew_attribute("ref”, "retailer”)

Samplansert’r ef” in alocal elementins _Ref

Safe Generated Query

1. For $pin document(’juicers.xsd”)/xsd:element[/@nam§uicer”]/
xsd:complaType/xsd:sequence//xsd:element[piasi() = 5]

let $rep\al := $p/@ref
let $pval := $p/parent::*/@xmlins:xsd,

$cntpval := count($pal)
let $refexist := $p/parent::*/xsd:element[@ref="retailer”],

$cntref:= count($refaist)
For $comin document("juicers.xsd”)/xsd:element[@name="retailer”]
let $cntcom:= count($com)

update$p

Where0 count($repual/text()) andO $cntpal and

$cntcom 1 andO $cntref

85



update$p

INSERT new_attribute( "ref”, "retailer”)

SafeQueryGeneatedFor SdhhemaFromins _Ref

2. For $pin document(”juicers.xml”)//juicer
let $child := $p/retailer
$cnt:= count($child)
update$p
where0 $cnt
updatebp

insert retailer retailer

SafeQueryGeneate For DataFromins _Ref

Query intent to insert "type”

Sample of Query
For $pin document(’juicers.xsd”)//xsd:element
update$p

insertnew_attribute("type”, "xsd:integer”)

insert’minOccurs” querysample:ins _type
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Safe Queries generated

1. For $pIN document(”juicers.xsd”)//xsd:element
let $pval := $p/parent::*/@xmlins:xsd,
$cntdesc= count($p/descendant::*)
let $cnt:= count($p/@name),
$cntpval := count($pal)
update$p
WHERE $cntpwal ="1" and$cnt="1" and$cntdesc"0"
updatebp
INSERT new_attribute ( "type”, "xsd:integer”)

Safe Query For Schema From ins _type

Query intent to insert "minOccurs”
Sample of Query
For $pin document(“juicers.xsd”)/xsd:element[@nani@sicer”]/
xsd:complaType/xsd:sequence/xsd:element[@ref="cost”]
update$p

insertnew_attribute("minOccurs”,’2”)

insert’minOccurs” querysample:ins _Min
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Safe Queries generated

1. Functioncheckmaxmin($mar, $val)
return
if ($mvar="maxOccurs”"and$val or $val ="unbounded”))
thenTRUE
elseif ($mvar="minOccurs”and$val )
then"TRUE”
elseTRJE

For $pin document(’juicers.xsd”)/xsd:element[/@namuicer’]/xsd:compleType/
xsd:sequence/xsd:element[/ @+efcost”]

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

$cntpval := count($pal)
let Smimformat:= checkmaxmin("minOccurs”2")
update$p

WHEREDOQ $cntpval and$mimformat="TRUE”"

update$p
INSERT new_attribute ( "minOccurs”,”2” )

Safe Query For Schema From ins _Min

2. For $pin document(’juicers.xml”)//juicer

let $child := $p/cost,

88



$cnt:= count($child)
let $cnt2:= 2 - count($child)/*Numberof time to runthe query*/
let SnodeA:= $p/cost[1]
update$p
where$cnt2 1
update$p

insert cost 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[@nanig@zcer”]/

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

update$p

insertnew_attribute("maxOccurs”;3")

insert”"maxOccus” querysample:ins _Max

Safe Queries generated
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1. Functioncheckmaxmin($mar, $val)
return
if ($mvar ="maxOccurs”and$val or $val ="unbounded”))
thenTRUE
elseif ($mvar="minOccurs”and$val 0)
thenTRUE
else

TRUE

For $pin document(’juicers.xsd”)/xsd:element[/@nam§uicer”]/
xsd:complaType/xsd:sequence/xsd:element[/@rétost”]

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

$cntpval := count($pal)
let $mimformat:= checkmaxmin("maxOccurs”3”)
update$p

WHEREDO $cntpval and$mimformat=TRUE

updatebp
INSERT new_attribute ("maxOccurs”,”3” )

Safe Query For Schema From ins _Max

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

let $child := $p/cost,
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$cnt:= count($child)
let $cnt2:= count($child) 3 /* Numberof time to runthe query*/
let SnodeA:= $p/cost[1]
update$p
where$cnt2 1
update$p
delete$nodeA

Safe Query For Data From ins _Max

Query intent to insert "use”

Sample of Query
For $pin document(’juicers.xsd”)/xsd:element[@nami@sicer”]//
xsd:attritute[@ref="percentage”]
update$p

insertnew_attribute("use”,’required”)

insert”use” querysample:ins _Use

Safe Queries generated

1. Functioncheckuse($mar, $val)
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return
if ($mvar="use” and($val="optional”
or $val ="required” or $val = "prohibited”))
thenTRUE
elseTRUE

For $pin document("juicers.xsd”)/xsd:element[/@namuicer”]//
xsd:attritute[/@ref= "percentage”]
let $pval := $p/parent::*/@xmins:xsd,
$cntpval := count($pal)
let $format:= checkuse("use”required”)
update$p
WHEREDOQ $cntpwal and$format=TRUE
update$p
INSERT new_attribute ( "use”, "required”)

Safe Query For Schema From ins _Use

For $pin document(”juicers.xml”)//juicer
let $child := $p/@xsi:percentage,
$cnt:= count($child)
update$p
whereO $cnt
update$p

insertnew_attribute("xsi:percentage”defaultvalue”)
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Safe Query For Data From ins _Use

Query intent to insert "use”

Sample of Query

For $pin document(”juicers.xsd”)/xsd:element[@name="smalljui¢er”
let $childatr:= $p/@name
update$p

replace$childatrwith "newName”

replacenameof componentjuerysample:rep _Glo _EleName

Safe Queries generated

1. FunctionreplaceRefOnSchema($schemadiahildBindingRefName)
For $prefln document($schemadoc)//xsd:element[@ref=$childBindingRefName],
$rRefin $pref/@ref
update$pref

replace$rRefwith "newName”

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

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

$cntpval := count($pal)
Let $child := $p/parent::*/xsd:elementf@name=imdame”],

$childexist := count($child)
Let $sref:= $p/parent::*//xsd:element[@refsmalljuicer”]
Let $sr:= $sref/@ref

Where$cntpwal = "1" and$childexist ="0"

update$p
WherereplaceRefOnSchema(’juicers.xsdimalljuicer”)
updatebp
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

renamebchild to "TnewName”

Safe Query For Data From rep _Glo _EleName
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