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The Valid Web: it’ sTime to Go...

Abstract

Thedevelopmentof theWorld WideWebtechnologyontheInternetis amajorachievementof com-
puterresearchin recentyears.Thegreatavailability of easy-to-accesson-linehypermedialdocuments
hasbeenarealrevolutionin theinformationworld,alsofor its importantsocial,culturalandeconomical
consequences.However, a scarceattentionhasbeendevotedsofar to thetemporalaspectsof theWorld
WideWebdefinitionandtechnology, althoughtimeundoubtedlyplaysapervasiveandfundamentalrole
in the reality andin its informationcounterpart.Moreover, althoughthemanagementof time-varying
informationis a consolidatedresearchissuein the databasefield, no integrationsbetweenthe World
Wide Web anddatabaseworldshasbeenattemptedin this respectyet. Notwithstanding,this happens
while thereis a substantialconvergencebetweenthe two worlds,with a renewedintereston theXML
emergenceastheupcomingstandardfor therepresentationandexchangeof semistructureddataon the
Internet.

In this work, we presenta temporalextensionof the World Wide Web by defining a complete
XML/XSL infrastructureto supportvalid-time. Theproposedvalid-timeversioningschemeallows the
explicit definitionof temporalinformationwithin HTML/XML documents,whosecontentscanthenbe
selectively accessedon thebasisof thevalidity codedwithin them. By actingon a navigationvalidity
context, theproposedsolutionmakesit possibleto navigatethroughtimein agivenvirtual environment
with any XML-compliantbrowser;thisallows,for instance,to cutpersonalizedvisit routesfor aspecific
epochin a virtual museumor a digital historicallibrary, or to visualizetheevolutionof anarchaeologi-
calsitethroughsuccessivesages,or to selectively accesspastissuesof magazines,stockquotearchives,
etc.Moreover, theproposedtemporalextensioncanalsobeappliedin a straightforwardway to generic
XML-encodedsemistructureddata,laying thefoundationsfor themanagementof temporalXML data
and the developmentof temporalXML query languages.In particular, the realizationof a temporal
virtual museumandthemanagementof temporalXML data(via TSQL2-like queryfacilities)with the
proposedtemporalextensionshavebeenshown feasiblethroughaprototypedemonstrationWorld Wide
Website,whichwill alsobedescribedin thepaper.

1 Intr oduction and RelatedWork

A greatdealof work hasbeendonein recentyearsin thefield of TemporalDatabases(TDBs) [22, 11, 40,
9, 23]. Due to this effort, a large infrastructure(namelydatamodels,query languages,index structures,
etc.) hasbeendevelopedfor themanagementof dataevolving in time, for which successive versionsneed
to be maintainedratherthanbeingoverwrittenor discardedby destructive changes.Two well-known to
datekindsof time areusuallyconsideredin theliterature[9]: transaction-timeandvalid-time. Theformer
concernstheevolution of datawith respectto thesystemwheredataarestoredandthelatterconcernsthe
evolutionof datawith respectto theapplicationreality thatdatadescribe.By theway, researchinterestson
temporalinformationhavebeenalmostfocusedonhighlystructureddata(e.g.relationalor object-oriented),
and,for instance,no textual dataor lessstructuredmultimediadocumentshave beendiffuselyconsidered
for temporalextensionssofar.

On the other hand, the World Wide Web (WWW, W3 or Web [3]) is a large distributed collection
of hypertextual andmultimediairregular documents,availableon-lineon the Internet. Virtual navigation
from siteto siteis madepossible,in a transparentway, by following hypertextual links (Uniform Resource
Locators[33]) found in browsing thedocuments.Almost every Webdocumentsarecurrentlywritten and
formattedaccordingto theHTML standard[27], whichisamarkuplanguagebasedontheSGMLformalism
[35]. However, theeXtensibleMarkupLanguage(XML [25]), which hasbeendesignedto overcomethe
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mainlimitationsof HTML andhasbeenrecentlyrecommendedby theW3CConsortium[39], is becoming
thenew emerging standardfor publishingdocumentsover theWeb. Thebrowsingof XML documentscan
bebestenjoyedby meansof providedstylesheets. In particular, theeXtensibleStylesheetLanguage(XSL
[26]) allows thedefinitionof XML documenttransformationrules[46] andthespecificationof formatting
semantics.Moreover, from adatabaseresearchperspective,XML canalsobeconsideredasadatamodeling
language[16], suitableto describesemistructured data, that is datawhich canbe irregular or incomplete
andwhosestructuremayrapidlyor unexpectedlychange.For thisreason,XML is alsolikely to becomethe
futuredominantstandardfor datarepresentationandexchangeon theInternet.

The quickly growing popularityof the Internet,chiefly dueto the Web itself, hasgainedmomentum
for aconsistentinvestmentof intellectual(andfinancial)resourcesonresearchanddevelopmentof its tech-
nology. Although the functionalitiesof the Web, including markuplanguagepotentialitiesandbrowser
capabilities,have beenlately greatly increased,scarceattentionhasbeenso far devoted to the temporal
aspects.The only necessityactuallyacknowledgedin the Web communityis for the supportof resource
versioning, particularlyin a scenarioof collaborative authoringandconcurrentdocumentediting[21, 41].
Hence,alsostandardizationefforts have beenmadeon theseproblemsby the IETF WebDAV (Web Dis-
tributedAuthoringandVersioning)Working Groups[38], involving formalizationof requirements,HTTP
protocol[28] extensions,searchingfacilities for DAV repositories,versioningandconfigurationmanage-
mentsupport.Thekind of versioningconsideredthereis on thesystemside: themaintenanceof versions
reflectsthe history of modificationsappliedto the documents,ascommittedby authorsto the document
store(remoteserver). Therefore,in TDB terminology, thetemporaldimensioninvolved is the transaction
time, althoughthe temporalaspectsrelatedto resourceversioninghave not explicitly beenrecognizedas
such.

However, Webdocumentsmayalsocontainintrinsically temporal(i.e. historical) information,where
thevalidity is aconstitutive partof theinformationitself. Thetemporaldimensioninvolvedis, this time,the
valid time. This aspecthasnot beentaken into accountwith thenecessaryworth yet andthemainpurpose
of the presentwork is to fill this gap. Notice that oneof the main problemsrelatedto the uncontrolled
growth of theinformationamountavailableon thenet is to provide someaid to theusersnot to “get lost”.
Theadoptionanduseof thevalidity temporaldimensioncouldbeagoodtool to improve theselectivity of a
network informationsearch,whichcouldalsoenhancetheusefulnessandfunctionalityof alreadyavailable
navigationaids(e.g. Websearchengines).Thesettingof a suitablevalidity coordinatein browsinga Web
site containinghistorical information(e.g. a digital library or a virtual museum,but alsoan archive of
newspaperissuesor stockquotes)would improve the searchquality: only relevant informationwould be
displayed,insteadof beingimmersedin amassof temporallyheterogeneousandnon-pertinentstuff.

A third temporaldimensionis alsoalreadyof interestin theWebcommunity, thatis thetimedimension
intrinsic to multimediadatalike music,movies, animatedpresentationsandothers,involving streamsof
information. The issueis not very central indeedin the context of TDBs (e.g. it hasbeendealt with
in [7]), but hasbeentaken into accountin hypertext research.For instance,the HyTime proposal[14]
mainly consistsof an SGML extensionto representtime-baseddocuments.Also morerecentproposals
(e.g. basedon SMIL 1.0 [36]) took multimediasynchronizationproblemsinto account. This third time
dimensioninvolvestemporalaspectswhichcanbeconsideredfrom ourperspectiveas“internal,” localto the
representationandusageof somespecialtypesof data.Therefore,suchtimedimensionis quiteorthogonal
to thetwo timedimensionsusuallyconsideredin temporaldatabaseresearch(it couldbelabelledasauser-
definedtime, in TDB terminology),althoughpossibleinteractionswoulddeserve athoroughlyinvestigation
in futurework.

The contribution of this paperconcernsthe introductionof valid-time into the World Wide Web to
supportthe managementof historical informationand temporalstructuredor semistructureddata. Two
referenceapplicationswill beintroducedin Sec.2 to beusedin therestof thepaper. Section3 is devotedto
thetechnicalcoreof ourproposal:wewill presentacompleteXML/XSL infrastructureto embodytemporal
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informationinto Webdocumentsandput temporalnavigationandqueryfacilitiesat Webuser’s disposal.
The solutionwe proposedoesnot requirechangesin the currentWeb technologyasit is basedon XML
andrelatedstandards.Theadoptionof a suitableXML schemafor documenttimestampinganda provided
XSL stylesheetfor temporallyselectivedocumentprocessingwill enableany XML-compliantbrowser, like
Microsoft InternetExplorer5 (Ie5 [32]), to supporttemporaldocuments.

TheproposedWebextensionshavealsobeentestedonaprototypeimplementationwhichwill bebriefly
describedin Sec.4. Our implementationalsolargely exploits anotherpowerful Webtechnologysupported
by Ie5: the DocumentObjectModel (DOM [24]), which is an applicationprogramminginterface(API),
which allows dynamicmanipulationof HTML and XML documents(e.g. via scripting languageslike
JavaScript[31]).

Conclusionscanfinally befoundin Sec.5.

2 Two ReferenceSampleApplications

Theproposaloutlinedin this paperconcernstheadditionof thevalid time dimensionto Webdocuments.
Typical classof documentswe considerin this context areclassicalHTML-basedhypermediadocuments
(Web pages)containingirregular data,or XML-baseddocumentscontainingstructuredor semistructured
data. In the former case,the proposedextensionis finalized to supporttemporalnavigation in virtual
environmentswhich aresourcesof historical information. An extremelyappropriateexampleof suchan
environmentis aWebmuseum,whichwill beusedasafirst referenceapplicationin therestof thepaper. In
thelattercase,theextensionis aimedatsupportingthemanagementof temporaldata,whicharerepresented
andexchangedasXML documents.As referenceexampleof this secondkind of useof our approach,we
will considertherepresentationof relationaldataconcerningemployees,thevery mostcommonexample
usedin theTDB literature.Thesupportof queriesinvolving all thetemporalselectionpredicatesavailable
in a languagelike TSQL2[19] will beconsideredin thiscase.

2.1 The Temporal WebMuseum

Thenumberof Internetmuseumsitesavailableon theWebis increasingdayby day. For instance,several
famousrealmuseumshave got theirofficial Websites:

 TheLouvreMuseumin Paris,URL: http://mistral.culture.fr/louvre/

 TheUffizi Galleriain Florence,URL: http://www.uffizi.firenze.it/

 TheVaticanMuseumsin Rome,URL: http://www.christusrex.org/www1/vaticano/

 TheGuggenheimMuseums,URL: http://www.guggenheim.org/
(includingManhattan,Soho,Berlin, BilbaoandVenicesites)

 TheMetropolitanMuseumof New York, URL: http://www.metmuseum.org/

 TheMuseumof ModernArt in New York, URL: http://www.moma.org/

Themainpurposeof thesesitesis thepresentationof thecorrespondingrealinstitutions(providing general
information,plans,samplesfrom themaincollections,etc.),theadvertisementof currentinitiatives,till the
merchandisingof museumgadgetsandpublications.Moreover, privateor corporateart collectionsmaybe
foundontheWeb. Scientificjournals(e.g.ArchivesandMuseumInformatics) andinternationalconferences
devotedto Webmuseums(e.g.MuseumsandtheWeb) alsoexist [2].
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EMPLOYEE
ID Name D-Birth Department Salary Valid Time

T1 Tom 8/15/51 Marketing 27K [ 1996-04-15– 1998-09-19]
T1 Thomas 8/15/51 Accounting 28K [ 1998-09-20– 1999-05-31]!

[ 2000-01-01– now]
A1 Ashley 5/25/59 Engineering 30K [ 1994-01-01– 1995-12-31]!

[ 1997-03-01– 1999-11-30]
A1 Ashley 5/25/59 Finance 35K [ 1996-01-01– 1997-02-28]

TableI: TheEmployeeTemporalTable.

Ontheotherhand,purelyvirtual museums,thatis withoutaphysicalcounterpart,arealsoavailableon-
line. For instance,oneof theveryfirst sitesto appear, andoneof themostpopularnow (mirroredonseveral
serversthroughouttheworld), is the“WebMuseum”[15] authoredandmaintainedby NicholasPioch,also
known asthe“WebLouvre” beforetheofficial Louvresitewasopened.It is basicallyacollectionof image
datarepresentingfamouspaintings,heterogeneousasto their origin, which canaccessed,for example,via
anartist or a themeindex. TheWebMuseumhasbeenusedto testour proposal:we realizeda temporal
versionof asubsetof theWebMuseumpagesanddevelopedaWebenvironmentfor thetemporalbrowsing
of its collections.

A relatedapplicationis alsotheproductionof a virtual archaeologicalsite,basedon thefinds, reliefs
and reconstructionsof an underlyingreal site. Virtual sightseeingscan be madeavailableby meansof
hypermedialplans(e.g. topographic,thematic,historical),or alsothroughvirtual reality environments,for
instancebasedon VRML code[37]. As a virtual realityapplicationmakesit possibleaninteractive spatial
trip in themodeledscenario,the integrationof time into theWebwould addalsothe temporaldimension
to thenavigation,with thesitechangingthroughtheageswhentheusermovesalongthe time axis. This
is the approachtaken, for instance,in the NU.M.E. (New MuseumEnvironment)project[34], wherethe
timedimensionhasbeenaddedto aVRML environment.Theintegrationbetweensuchapproachesandthe
temporalextensionwe introducehereis beyondthescopeof thiswork.

2.2 The Temporal XML EmployeeData

As far asthe managementof employeedatais concerned,we will considerthe basicfunctionalitiesof a
relationaltemporaldatabase.To this aim, we start from a temporaltablelike the onein Tab. I, adopting
tuple time-stampingwith a temporal element(namelya disjoint unionof time intervals),accordingto the
BCDM temporaldatamodel[10]. Eachtuplerepresentsa factconcerninganemployeeandtheValid Time
attributerepresentswhenthefactis (wasor will be)true.TheID attributeis assumedto bea time-invariant
system-definedidentifier (a surrogatein the TSQL2 datamodel),which guaranteesthe identificationof
employeesevenwhentheir key valueis subjectto change(asit happensfor Tom’s namein theexample).
Temporalqueriescanbe issuedon suchdatato extract temporalinformation, for instance,by selecting
tupleson thebasisof their validity (temporalselection).Without lossof generality, we adoptasreference
languageTSQL2,whichis widelyknown, derivesfrom asubstantialconsensuseffort and,thus,summarizes
mostof thefunctionalitiesof othertemporalquerylanguages.Theclassof simplequeries(ononerelation)
wewill consideris of thefollowing kind:

SELECT " target-list#
FROM Employee

WHERE VALID(Employee) " temporal-predicate# Validity Context
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whereValidity Context is a time interval definedby theuserand $ temporal-predicate% is oneof
the availableoperatorsfor comparisonbetweena temporalelementandan interval (namelyOVERLAPS,
EQUALS, PRECEDES, CONTAINS, MEETS1). Obviously, we alsoconsiderdualquerieswith thereversed
orderof theoperandsof thetemporalpredicate,whenthis is not symmetric(i.e. PRECEDES, CONTAINS,
MEETS). For instance,thequery:

SELECT * FROM Employee
WHERE PERIOD( DATE(’1994-01-01’), DATE(’1994-12-31’) )

PRECEDES VALID(Employee)

selectsall theemployeedatawhosevalidity follows the[1994] timeinterval (all thetuplesbut thethird one
in Tab. I).

If theVALID(Employee) timestampsarealsointervals,thesimplequeriesweconsiderallow to test
any of thethirteenpossiblerelative relationshipswith theValidity Context (beingTSQL2temporally
completein this respect,asequivalentto Allen’s algebra[1]).

3 Integrating Valid Time into the Web

In thisSectionweoutlineourproposalconcerninganXML/XSL infrastructurefor thedefinitionanduseof
valid-timetemporalWebdocuments.Generallyspeaking,theadoptionof valid time is aimedat allowing
themanagementof historicalinformation(past,presentor future). Historical informationmustexplicitly
becodedwithin theWebdocuments,to beselectively accessedduringtemporalbrowsing.To thispurpose,
distinctpartsof aWebdocumentcanbetimestampedwith theirown validity duringthedocumentcreation.

In a Web museum,selective browsing would allow the definition of personalizedvisit pathsthrough
centuriesandartisticor historicalperiodswithin themuseumcollections.In orderto plana visit (virtual or
real),we couldacton valid time selectionto changethehistoricalperiodof interest.For instance,we can
choosetheHigh Renaissanceperiod,by selectingthevalidity range1495–1520.Hence,we maystartour
virtual visit enteringsomevirtual hall or gallery:only thetemporallyrelevantpaintingsor sculptureswould
be present;by changingthe validity context we could seesomeworks vanishandsomedifferentworks
materialize.For example,in a hall dedicatedto theItalian High Renaissance,we couldview theevolution
of thepaintingstylesof LeonardodaVinci, Raphael,MichelangeloandTitianand,say, havealook to works
contemporaneousto theMonaLisapicture.

3.1 Defining Valid Temporal Documents

Valid-timeversioningis aimedat the productionof temporal Web documents,that is containing(histori-
cal) informationwith differentvalidities. To this purpose,Web resourcesneedto be especiallydesigned
astemporal,andthetimestampingof time-varyinginformationhasto beexplicitly codedby theauthorsin
thedocumentcreationphase.Thegranularityof temporalversioningwe consideris finer thantheInternet
resource(identifiedby a URL/URI [33]), that is singlepiecesof Webdocuments(i.e. text paragraphs,im-
ages,links...) canbeassigneddifferentvalidities.Theadditionof valid timeto Webdocumentswepropose
is basedon theextensionsof theXML markuplanguage[25] with timestampingtags.Thefunctionalities
of thenew tagscanbefully specifiedby meansof suitableXML schemasandstylesheets,withoutrequiring
modificationsto theWebbrowserssupportingXML (like Ie5).

1Actually, TSQL2 defines MEETS as a comparison operator between intervals only. Therefore, the clause
“VALID(Employee) MEETS Validity Context” shouldmore properly be written as “LAST(VALID(Employee))
MEETS Validity Context”, wheretheLAST operatorextractsthe last interval from a temporalelement.Hence,we intend
above aslightly extendedMEETS operatorto work in thisway with anelement.Weapologizefor thelittle abuse.
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In particular, our proposalconsistsof theadditionof a new XML tag,<valid>, to definea validity
context. Thevalidity context is usedto timestampa partof a document,to which it assignsa specifictime
pertinencewhichcanthenbeusedfor temporally-selective documentmanipulation.Thecontentsembraced
in avalidity context canbeof any allowedkind (namelytext, graphicelements,andany otherXML structure
includingnested<valid> elements).Thetimestampscanbespecifiedin a validity context by meansof
<validity> tags,whichallow thedefinitionof a temporalinterval throughits boundaries(i.e. thevalues
of thefrom andto attributesof the<validity> XML element).In general,multiple intervalscanbe
used:in this case,thetimestampis definedastheunionof all thevalidity intervalsspecified;formally, the
timestampis a temporal elementasdefinedin theBCDM temporaldatamodel.For instance,thefollowing
code:

<!-- definition of a validity context -->
<valid>

<!-- valid-time timestamping -->
<validity from="1980-01-01" to="1985-12-31" />
<validity from="1995-01-01" to="2000-12-31" />

This is text <b>valid from 1980 to 1985</b>
but also <b>valid from 1995 to 2000</b>...

</valid>

definesa validity context whosevalidity is & ' ( ) * –' ( ) + ,.-�& ' ( ( + –/ * * * , . The time constantsarespecified
accordingto the ISO 8601format [4], correspondingto the XML date datatype. The introductionof
the validity context, including the definition of the requirednew tags,is effectedvia the XML schema,
namedValidSchema.xml, displayedin Fig. 1. Sucha schemamustbeincludedin any XML temporal
documentto enablevalidity contexts, in thewayusualfor XML-Data [42] schemas:

<?xml version="1.0" ?>
<TemporalDoc xmlns:dt="x-schema:ValidSchema.xml">

therestof thedocument,with timestamped<valid> elements,
includinganyXML and(well-formed)HTML mark-up

</TemporalDoc>

Noticethattheuseof anXML schemaensuressyntacticcheckson thewell-formednessof temporaldocu-
mentsto beautomaticallyeffectedby theXML-enabledbrowers2. Theadoptionof anXML schemainstead
of aDocumentTypeDefinition(DTD, [17]) is dueto its flexibility andextensibility, in additionto theavail-
ability of predefineddatatypes.Unlike a DTD, anXML schemais basedon anopencontentmodel,and
thus it canbe appliedto any kind of documents(irregular data),alsocontainingXML elementsdefined
by otherschemasor even not definedanywhere. In this way, our proposalconcernsa way of addingthe
timestampingfacility to genericXML documents,also just containingplain HTML code. Any existing
HTML-basedWeb site can thuseasilybe madetemporal,by addingXML <valid> timestampsto its
documentsin accordanceto theValidSchema.xml schemaabove.

Therefore,as also exemplified by our demo prototype,the purposeof our proposedtimestamping
schemais (at least)twofold:

2This also appliesto the dateconstantsspecifiedasfrom/to attribute values. However, the Ie5 parserand DOM do not
currentlysupportthedate typeand,thus,doesnot effectcorrectnesscheckson datevalueswhenapplyingtheXML schema.
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<?xml version="1.0" ?>
<Schemaxmlns="urn:schemas-microsoft-com:xml-data"

xmlns:dt="urn:schemas-microsoft-com:datatypes">

<AttributeType name="from" required="yes" dt:type="date" />
<AttributeType name="to" required="yes" dt:type="date" />

<ElementType name="validity">
<attribute type="from" minOccurs="1" maxOccurs="1" />
<attribute type="to" minOccurs="1" maxOccurs="1" />

</ElementType>

<ElementType name="valid" content="mixed">
<element type="validity" minOccurs="1" maxOccurs="*" />

</ElementType>

</Schema>

Figure1: TheValidSchema.xml XML schema.

0 it canbe usedto make temporal“traditional” Web sites(featuringHTML multimediadocuments),
in orderto supportthe representationof historicalinformation,andenablinga temporallyselective
navigationwith respectto informationvalidity; ourfirst referenceapplicationcorrespondsto suchan
approach;

0 it canbe usedto make temporalthe emerging deploymentof XML for datarepresentationandex-
changeon the Web, in order to supportthe managementof temporalstructuredor semistructured
data,andenablingtheutilization of functionalitiesasdevelopedby temporaldatabaseresearch(e.g.
TSQL2-like temporalquerylanguages);our secondreferenceapplicationcorrespondsto suchanap-
proach.

Furthermore,any otherkind of new XML-basedapplicationcanbemadetemporalin thesameway. Hence,
they will benefitfrom therepresentationof historicalinformationandtemporaldatamanagementcapabili-
ties.

Referringto ourfirst referenceapplication,thelegacy HTML pagescomposingtheWebMuseummust
beconvertedto XML documentsmakingreferenceto theValidSchema.xml schemaasdescribedabove.
Moreover, their original HTML markupneedssomechecksfor conversioninto well-formedHTML code.
Thisphaseof Websitere-engineeringcanlargelybeautomated.Thehumandesignerinterventionis indeed
requiredfor theadditionof timestamping,asthepiecesof informationto beenclosedin <valid> envi-
ronmentshave to becarefullyidentifiedandappropriatetime valueshave to beassignedin <validity>
timestamps.

Referringto our secondreferenceapplication,the employeedataof Tab. I canbe given the temporal
XML representationshown in Fig. 2. The ID attribute,which is a time-invariantidentifier, is transformed
into a properattribute of each<employee> element. For eachemployee,one<valid> environment
is introducedfor eachof its tuplesin Tab. I to representa temporalversionof the employee data. The
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<?xml version="1.0" ?>
<emp xmlns:dt="x-schema:ValidSchema.xml">

<employee ID="T1">
<valid>

<Name>Tom</Name>
<D-Birth>8/15/51</D-Birth>
<Department>Marketing</Department>
<Salary>27K</Salary>
<validity from="1996-04-15" to="1998-09-19" />

</valid>
<valid>

<Name>Thomas</Name>
<D-Birth>8/15/51</D-Birth>
<Department>Accounting</Department>
<Salary>28K</Salary>
<validity from="1998-09-20" to="1999-05-31" />
<validity from="2000-01-01" to="9999-99-99" />

</valid>
</employee>
<employee ID="A1">

<valid>
<Name>Ashley</Name>
<D-Birth>5/25/59</D-Birth>
<Department>Engineering</Department>
<Salary>30K</Salary>
<validity from="1994-01-01" to="1995-12-31" />
<validity from="1997-03-01" to="1999-11-30" />

</valid>
<valid>

<Name>Ashley</Name>
<D-Birth>5/25/59</D-Birth>
<Department>Finance</Department>
<Salary>35K</Salary>
<validity from="1996-01-01" to="1997-02-28" />

</valid>
</employee>

</emp>

Figure2: TheEmployee.xml XML datasource.
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<?xml version="1.0" ?>
<xsl:stylesheet xmlns:xsl="http://www.w3.org/TR/WD-xsl">

<!-- identity transformation template -->
<xsl:template>

<xsl:copy>
<xsl:apply-templates select="@*|*|comment()|pi()|text()" />

</xsl:copy>
</xsl:template>

<!-- recursive valid-time selection template -->
<xsl:template match="valid">

<xsl:choose>
<xsl:when test="validity[conditionon from and to attributevalues]">

<xsl:copy>
<xsl:apply-templates select="@*|*|comment()|pi()|text()" />

</xsl:copy>
</xsl:when>
<xsl:otherwise>

<xsl:apply-templates select="valid" />
</xsl:otherwise>

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

</xsl:stylesheet>

Figure3: TheXSL Valid.xsl stylesheet.

<validity> timestampscorrespondto the Valid Time attribute in Tab. I. The order in which the dif-
ferent<validity> tagscomposinga temporal-elementtimestampappear(andtheir individual position
within the<valid> environment)is irrelevant.Only conformanceto theValidSchema.xml schemais
required.

3.2 Temporal Browsing,Navigation and Querying

The useof temporaldocumentsis aimedat supportingselective browsing of Web documents,temporal
Web navigation and queryingof temporaldata. The default valid time usedfor the Web navigation is
usuallythe whole time range,enablingto view the full contentsof documents,which correspondsto the
basicuseof non-temporal(standard)documents.For a selective temporalnavigation, the time rangecan
be reducedby the user(e.g. via somebrowser facility). It doesnot seemtoo restrictive to adopta time
interval asvalidity context, sincealsomostqueriesin valid-time databasesarecommonlybasedon the
comparisonwith an interval. Oncesetup by the user, suchvalidity interval is known by the Web client
as a navigationvalidity context. When temporaldocumentsare processed,only the partswhosevalid
timestampoverlapsthe navigation validity context areeffectively taken into accountanddisplayed.The
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sameis automaticallyappliedwhennew documentsareretrievedby following alink, enablingafull-fledged
temporalnavigation. Whendealingwith XML temporaldata,thenavigationcontext assumesthemeaning
of a queryvalidity context, which canbeusedby a Web-basedapplicationto selectthedataon thebasisof
a temporalcomparisonoperator(notonly theoverlapone).

In our proposal,the valid-time selectionrelies on the adoptionof an XSL stylesheet[26], named
Valid.xsl, to performa dynamicfiltering of the documentcontentsaccordingto the navigation con-
text. SuchstylesheetembedsXSL transformations[46] andadoptstheXML pathlanguage[44] facilities
implementedin Ie5 (see[45] for reference).Thedefinitionof thestylesheetcanbeseenin Fig. 3: thefirst
partconsistsof asimpleidentity-transformationtemplate,whereasthesecondpartis devotedto thetempo-
ral selectionof thecontentsof valid contexts. Theprocessingof thenew XML <valid> elementcauses
the outputof the elementcontentswhena validity selectioncondition(involving the documentelement
timestamp)is verified.For instance,if theconditionhastheform:

@from[.$le$ ’1999-12-31’ ] and @to[.$ge$ ’1999-01-01’ ] ,

each<valid> elementwhosevalidity overlapsyear1999is includedin thestylesheetoutput:theselection
conditionmatchesany <validity> elementwherethefrom attributevalueis 1 1999/12/31andtheto
attributevalueis 2 1999/1/1.

Theparticularstructureof theselectiontemplatecausestheexecutionof a testinvolving thenavigation
context andall the<validity> timestampsfoundin thecurrent<valid> element.Theconditionalpro-
cessingusesthexsl:choose instructionwhich providesfor anxsl:otherwise case(not supported
by thexsl:if XSL element),in orderto recursively look for nestedvalidity contexts. Thexsl:when
instructionis activatedif at leastoneof theintervals(correspondingto avalidity element)belongingto
thetimestampsatisfiestheselectioncondition. Thexsl:otherwise instructionis activatedonly when
noneof thetimestampsof thecurrent<valid> environmentsatisfiestheselectioncondition.

Notice that, if the navigation validity context is changedby the userduring his/hernavigation, such
a conditionshoulddynamicallybe changedin the style sheet. If the stylesheetis thenre-appliedto the
document,alsothedocumentvisualizationcanbechangedto reflecttheuser’s action.For instance,in our
prototypeimplementation,which is basedon Ie5, thestylesheetis actuallychangedto updatetheselection
conditionandre-appliedto thedocumentby meansof theDOM methods’functionalities.In this way, the
changeis actuallyeffectedonthestylesheetcopy loaded(asanXML documentobject)in themainmemory
spacemanagedby thebrowseror onacopy of thestylesheetcachedonalocaldiskof themachineonwhich
thebrowseris running.For example,theoverlapwith 1999conditionabove candynamicallybeappliedto
thedisplayeddocumentby meansof theJavaScriptcodeshown in Fig. 4.

Notice alsothat morecomplex temporalselectionsthanthe simpleoverlapcould be implementedby
applyingadifferentconditionor evenby definingadifferentfiltering templatein thestylesheet.Therefore,
alsosophisticatedtemporalqueryfacilitiescouldeasilybeaddedto atemporalWebsiteby meansof appro-
priatedirectmanagementof theValid.xsl temporalselectioncondition.Asamatterof fact,asit is based
on the Ie5 XSL support(with Microsoft XSLT [46] andXPath [44] extensions)our proposalrepresentsa
straightforwardtemporalextensionof theXQL querylanguage[18]; extensionthathasbeendesignedasan
applicationof XQL itself. For instance,we will show in theSectionthatfollows how differentXSL filters
canbeusedto supportTSQL2-likeselectionpredicatesover XML temporaldata.

4 A PrototypeImplementation

In this sectionwe describethesoftwareprototypewe implementedfor testingandvalidatingour proposed
valid-timeXML/XSL temporalextensions.Theprototype,named“The Valid Web” [5], consistsof a Web
sitewhich canbebrowsedwith Ie5 (seeFig. 6). TheWebpagesof thesiteareorganizedin two frames.A
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// Find the validity test condition in the stylesheet
var sel = document.XSLDocument.selectSingleNode("//xsl:when/@test");

// Replace its value with the 1999 overlap condition
sel.value =

"validity[ @from[.$le$’1999-12-31’] and @to[.$ge$’1999-01-01’] ]";

// Apply the modified stylesheet to the document, and update the display
document.body.innerHTML =

document.XMLDocument.transformNode(document.XSLDocument)

Figure4: A DOM scriptfor dynamicchangeof thenavigationvalidity context.

smallserviceframein thebottompartof thewindow containsall therequiredcontrolsto dealwith theuser
interactive specificationof thevalidity context to beusedfor temporalnavigationandquerying,including
thevisualizationof thecurrentvalidity context. All thecontrolsareimplementedasJavaScriptfunctions.A
larger frame,occupying almostall thebrowserwindow space,is usedto displaytemporaldocuments,that
is the resultsof the temporallyselective filtering effectedby theValid.xsl stylesheeton timestamped
XML documents.Theresultsof suchfiltering is, in ourfirst exampleapplication,aplainHTML document
which is thenrenderedby thebrowserin the“usual” way. In our secondreferenceapplication,theresults
of the temporalfiltering of the XML documentcontainingemployeedatais thenformattedvia a second
XSL stylesheetwhichconvertstheminto anHTML tabular representationwhich is eventuallydynamically
includedinto themainpagefor visualization.

In general,thevalid-timeselectionimpliesthechoiceof aninterval. Thiscanbedoneby anindependent
choiceof the two time pointsrepresentingthe interval bounds.The selectionof eachinterval boundcan
bebased,for instance,on a graphicscrollbar or slider for analogfine selectionof a time-point(at a given
granularitylevel). In our prototypeimplementation,time-pointsaredates(i.e. thegranularitylevel is the
day)andtheselectionof an interval canbeeffectedby meansof a Java JFC/Swingapplet[30, 8], which
containstwo graphicsliders: the former to selectthe yearandthe latter to selectthe dayof theyear(see
Fig. 5). Theformerslider, for theuser’s convenience,hasa 500-yearrange,which canbechanged(from
0–500to 2000–2500)by meansof amultiple-choicemenuavailablenext to theyearslider. Assumewehave
to fix a date,say1996/3/7.We canstartby choosingtheyear1996with theformerslider(with thedefault
range1500–2000set)andthenchoosetheMarch,7 datewith the latterslider. Thechosenvaluecanthen
beassignedto theFromor To interval boundby meansof thecorresponding“Set” button. However, also
editableinputfieldsfor directtypingof avalid timevalue(in the“YYYY-MM-DD” stringformat)arealways
availablein thedialogwindow containingtherunningapplet.Thecommunicationbetweentheappletand
theJavaScriptcontrol functionsin thecalling serviceframe(e.g. to returntheselectedvalidity context) is
managedby meansof theLiveConnectpackage[12] supportedby theJava Plug-in1.2.2[29].

4.1 Visiting the Temporal WebMuseum

In theWebMuseumapplication,oncethenavigationvalidity context choiceis confirmedby theuser, the
temporalselectionover the currently displayeddocumentis automaticallyre-executedby meansof the
DOM mechanismdescribedin thepreviousSection.Furthermore,in orderto enableafull-fledgedtemporal
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Figure5: TheJava Applet for theselectionof aValidity Context.

navigation,eachtime theuserchangesthedisplayeddocumentin theusualway (e.g.by following a link),
thecurrentvalidity context is automatically“inherited” by thenewly loadedpage,if alsothenew document
is a temporalXML one. This behaviour is forcedin our prototypethanksto thedynamicHTML facilities
supportedby Ie5. In fact, we useda slightly modifiedValid.xsl stylesheetwith respectto Fig. 3.
Theactualstylesheetimplementsa dynamiccallbackmechanismby insertingsomeJavaScriptcodein the
preambleof theprocesseddocument.Sucha scriptprovokes,on loadof thedocumentby thebrowser, the
immediateactivation of the temporalselectionfunctionality: aswhenthevalidity context is changed,the
Valid.xsl filter is updatedonthefly (to includetheoverlapwith thecurrentvalidity context asselection
condition)andthenre-appliedto the displayeddocumentby meansof DOM methodcalls similar to the
onesin Fig. 4. In this way, thevalid-timeselectionis automaticallypropagated,in a transparentway, also
to thenewly loadedtemporaldocuments.

For examplethetop half of Fig. 6 shows two snapshotsof thenavigationof a samplepagecontaining
Rembrandt’s self-portraits.Thecompletepagecontainssevenpictures,datingfrom 1629to 1669.Fig. 6.a
showsthepagewhenthevalidity context hasbeensetto [1635–1640]andonly two picturesarevisible(the
third andthe fourth one). Fig. 6.b shows thesamepagewith thevalidity context changedto [1660–1665]
andtwo otherpictureshave beendisplayed(thefifth andthesixth one). Thecurrentnavigationcontext is
alwaysvisible in thebottomserviceframeof thewindow. The“Change”commandon the right is a link
thatactivatestheappletof Fig. 5.
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(a) (b)

(c) (d)

Figure6: TheValid Webdemoprototype:(a),(b)temporalnavigationof theWebMuseum;(c),(d)temporal
queryingof XML employeedata.
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TSQL2 predicate XSL filter (“xsl:when/@test” nodevalue in Valid.xsl)3�4
OVERLAPS

365
375

OVERLAPS
3�4 validity[ @from[.$le$

365
to ] and @to[.$ge$

375
from ] ]

3�4
EQUALS

365
validity[ index()=0 and end()375

EQUALS
3�4

and @from[.=
365

from ] and @to[.=
365

to ] ]3�4
PRECEDES

365
validity[ end() and @to[.$lt$

375
from ] ]375

PRECEDES
3�4

validity[ index()=0 and @from[.$gt$
365

to ] ]374
MEETS

365
validity[ end() and @to[.= 8�9 : ; <>= ? : @ 365 fromA ] ]365

MEETS
374

validity[ index()=0 and @from[.= BC: D
? <>= ? : @ 365 toA ] ]3�4
CONTAINS

365
validity[ @from[.$le$

365
from ] and @to[.$ge$

365
to ] ]

375
CONTAINS

3�4 validity[ index()=0 and @from[.$ge$
365

from ] ]
validity[ end() and @to[.$le$

365
to ] ]

TableII: XSL filters to supportTSQL2temporalselectionpredicates.
374

representstheemployeevalidity,
where

365FEHG 375
fromI 365 toJ representsthequeryValidity Context.

4.2 Temporal Querying the EmployeeData

In theXML datamanagementapplication,thevalidity context is usedasargumentof TSQL2-like temporal
selectionpredicatesfor queryingemployee data. The main window of the applicationcontainsa setof
links which allows the userto chooseone of the possiblepredicates. Eachlink activatesa JavaScript
function which dynamicallymodifiesthe filtering Valid.xsl stylesheetandexecutesthe query. Also
the target list canbe definedby the user, who canchoosethe desiredattributesby meansof checkboxes
in a provided form. The form is thenreadby the applicationbeforequeryexecutionin order to define
the projectionspecifications.The projectionis implementedvia a sort of parametricXSL stylesheetfor
translatingthequeryresultsinto HTML tableformat. Also this stylesheetis dynamicallychangedby the
applicationthroughthe DOM mechanismto enablethe visualizationof the only attributespresentin the
target list. Thefinal resultsareeventuallydynamicallyinsertedinto thepage(in a<PRE> HTML element
usingtheinnerHTML property)anddisplayedasatable.Thecorrespondencebetweenthequerytemporal
selectionpredicatesandtheappliedXSL filtersis shown in Tab. II. NoticethattheOVERLAPS andEQUALS
predicatesare symmetricand, thus, the samefilter can be usedfor them also when the argumentsare
exchanged.

In Ie5 proprietaryXSL, “end()” is a booleanfunction that returnstrue when the currentnodeis
the last child of its father, whereasthe “index()” function returnsthe currentchild number, being 0
the numberof the first one. If we supposethat the non-overlappingintervals composingthe timestamps
are declaredin ascendingorder (along the time axis) within <validity> elements,the XSL pattern
“validity[ index()=0 ]” is thus matchedwhen processingthe first interval and “validity[
end() ]” doeswhenprocessingthelast interval. Hence,theTSQL2predicatescaneasilybetranslatedas
reportedin Tab. II. For instance,theequalitypredicatecorrespondsto anXSL filter which checkswhether
the<validity> interval underconsiderationis at thesametime thefirst andthelastoneof thecontain-
ing <valid> environment(i.e. the timestampis alsoan interval), andwhetherits boundariescoincide
with thoseof thequeryvalidity context. However, sincewe explicitly madeno assumptionon theorderin
which<validity> elementscanbespecifiedin XML documents,they mustbesorted(e.g.in “@from”
order)beforetheapplicationof theValid.xsl stylesheetin orderto have temporalpredicatescorrectly
checked. In our prototype,this is donevia anotherXSL stylesheet,which transformstheXML datasource
into a copy with sorted<validity> elements.Furthermore,the lastpredicatein theTablecorresponds
to two XSL filterswhichmustbebothappliedto selectthedata:thefirst oneensuresthatthequeryinterval
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startsbeforethebeginningof thefirst validity interval of theselecteddata,whereasthesecondoneensures
thatthequeryinterval endsaftertheendof thelastvalidity interval (sothat it completelycontainsthedata
validity). This is effected,in ourprototype,by two successive applicationsof theValid.xsl stylesheet.

For example,the bottomhalf of Fig. 6 shows two snapshotsof the runningprototype. Fig. 6.c and
Fig. 6.d show the resultsof two querieson XML employeedata. The TSQL2-like form of the queriesis
also(partially) visible in thecapturedimages.Thevalidity contexts usedby thequeriescanbeseenin the
bottomframeof thewindows.

As exemplifiedby the demoapplication,our proposedinfrastructurecanalreadybe used,asit is, to
supportTSQL2-like temporalselectionqueriesover onedatasource(i.e. one“relation” storedasanXML
file). However, its querypower is thesameastheunderlyingXQL languagesupportedby Ie5. Therefore,
it is not relationallycomplete,as it doesnot supportthe join operation(i.e. queriesover multiple XML
sources,asXML-QL does[20]).

In additionto thedescribedprototype,wealsodevelopedatestapplicationwheretemporaljoins [9] be-
tweentemporalXML datasourcescanbeexecuted,by explicitly implementinganested-loopsalgorithmin
JavaScript.TheJavaScript“do Tjoin()” function,whoselisting canbeseenin AppendixA.1, executes
thefollowing TSQL2query3:

SELECT E.Name AS EmpName, D.Name AS DeptName, E.Salary, D.Budget
[ VALID INTERSECT(E,D) ]

FROM Employee AS E, Department AS D
WHERE E.Department = D.Name

[ AND VALID(E) OVERLAPS VALID(D) ]

wheretheEmployeetableis thesameasin Tab. I andtheDepartmenttablehasrelationalschemaDEPA-
RTMENT (Name, Budget K Valid Time). The“do Tjoin()” functionaccessesthetwo XML datasources
(storedin separatefiles but which could alsobe containedin the samefile) by meansof DOM methods
for manipulatingXML documentobjects.DOM methodsarealsousedby the functionto explicitly build
from scratchthe temporalXML documentcontainingthe join results. The so built XML object,which
alsoconformsto theValidSchema.xml schema,canthenbetemporallyfilteredwith theValid.xsl
stylesheet(but alsothesourcedocumentscanbefilteredbeforethejoin execution)andeventuallyformatted
with anotherXSL stylesheetto bedisplayedasa tablein anHTML page.

Indeed,thereis currentlyno way of performinga temporaljoin betweentwo XML temporaldatacol-
lections(evenbothstoredin thesameXML file) with pureXSL transformations.However, theJavaScript
codewe developedcouldbeusedasstartingpoint for anXSL extensionsupportingtemporaljoin process-
ing. Obviously, sinceit is basedon themanipulationof XML documentobjects,its performanceheavily
reliesontheirefficientmanagement.Therefore,wecouldexpectabreakdown in performanceswhensource
XML objectscannotbeentirelymaintainedin themainmemoryspacemanagedby thebrowserexecuting
scriptsandXSL-driventransformations,asit is thecaseof joining largetemporaldatasources.Theintro-
ductionof temporalXML queryoptimizationtechniques[13] with efficient temporaljoin methodswould
beneededin orderto overcometheperformanceproblem.

5 Conclusionsand FutureWork

In thispaperweoutlinedanapproachfor theintegrationof valid timeinto theWeb. Weaddressedtheissues
concerningthe extensionsrequiredto documentstructureandformat,documentprocessingandtemporal
browserusage.We basicallysketchedsomefeasiblesolutionsandgave an ideaof their potentialitiesby
meansof theapplicationto a WebMuseumandto the temporalmanagementof XML data. Thesolution

3Thepartsin squarebracketscanbeomitted,dueto thedefault TSQL2semantics.They havebeenreportedherefor clarity.
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weproposedreliesonsimpleXML-basedextensions:theintroductionof anew <valid>markuptagwith
thedefinitionof anXML schemafor thecreationof temporaldocuments,andtheuseof anXSL stylesheet
for selective filtering of temporaldocumentsaccordingto a user-definednavigation validity context. We
alsodevelopedaprototypetemporalWebsite,accessiblewith Ie5,whichimplementstheproposedsolution
andprovidestoolsfor themanagementof thevalidity context with a friendly userinterface.However, the
functionalitiesfor thevalidity context managementcoulddirectly beembeddedin futureXML-compliant
browsers,without theneedfor aspecialframeprovidedfor thepurpose.Nevertheless,theuseof valid-time
temporaldocumentsis alsoperfectlycompatiblewith thenowadaysXML Ie5 technology, asourprototype
Websitedemonstrates.

Moreover, theproposedsolutionsarealsocompletelycompatiblewith temporallyunawareWebclients,
in thesensethatall the informationcontainedin thetemporalHTML documentswould still beaccessible
(beingthenew temporalmarkuptagssimplyignored),althoughtemporalnavigationandselectivevisualiza-
tion facilitieswould clearlynot beavailable.Legacy HTML-basedWebsitescaneasilybemadetemporal
by addingtherequiredtimestampsto thehistoricalmultimediainformationthey possiblycontain.

Futurework will be devoted to the extensionof the proposedinfrastructure. In particularwe would
like to allow theselectionof any kind of validity context, relaxingtheconstraintof an interval to beused.
For example,thevalid-timecontext couldalsobesetby capturingthevalid timeconnectedwith a selected
objectwithin thedocumentundervisualization.Notice that, in general,thecapturedvalidity context is a
temporalelementratherthana single interval. Suchmechanismmay be usedto extend,contractand/or
shift thecurrentnavigationvalidity context to bettersuitvirtual time-travel desiresby meansof anadaptive
self-tuningprocess.WhenqueryingXML data,this would meanto extendtheclassof supportedTSQL2-
likequeries,by allowing bothargumentsof selectionpredicatesto betemporalelements,possiblyextracted
from theunderlyingdata(like in agenerictemporalL -join).

Moreover, a completequery languagefor XML temporaldocumentscould be introducedto support
complex temporalqueriesover theWeb. To thispurpose,in our futurework, wewill considertheextension
of an XML querylanguagelike XML-QL [43] (or theXQL developedby Fujitsu [6]) to supportgeneral
temporalselectionconditionsover multiple timestampedXML documents.The requiredtemporalexten-
sionswill bebasedonall thefeaturesof theTSQL2temporalquerylanguageand,thus,will have thesame
temporalexpressiveness.
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A.1 JavaScript Codeto Perform a Temporal Join

var saveint = new Array(); var numint = 0;

function copyNode( father, source, name ) N
father.appendChild( source.selectSingleNode( name ).cloneNode( true ) );O

// creates a new "<name>value</name>" node
function newTNode( docobj, father, name, value ) N

father.appendChild( docobj.createElement( name ) );
father.lastChild.appendChild( docobj.createTextNode( value ) );O

// creates a new <validity> timestamp
function newVNode( docobj, father, interval ) N

father.appendChild( docobj.createElement( "validity" ) );
father.lastChild.setAttribute( "from", interval.from );
father.lastChild.setAttribute( "to", interval.to );O

// tests for the overlap between two temporal elements
// and stores the resulting intersection (if any) in "saveint";
// "numint" counts the number of intervals in the intersection
function overlap( val1, val2 ) N

numint = 0;
// nested loops over validity intervals
for ( v1 = val1.nextNode(); v1 != null; v1 = val1.nextNode() )
N for ( v2 = val2.nextNode(); v2 != null; v2 = val2.nextNode() )
N from1 = v1.selectSingleNode("@from").text;

to1 = v1.selectSingleNode("@to").text;
from2 = v2.selectSingleNode("@from").text;
to2 = v2.selectSingleNode("@to").text;
if (( from1 <= to2 ) && ( from2 <= to1 ) ) // overlap test
N var interval = new Object(); // compute the intersection

interval.from = from1 > from2 ? from1 : from2 ;
interval.to = to1 < to2 ? to1 : to2 ;
saveint[numint++] = interval;O

O
val2.reset();O

return ( numint > 0 );O
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function do Tjoin() P
var results = new ActiveXObject("Microsoft.XMLDOM");
results.async = false;
results.loadXML(’<?xml version="1.0" ?>

<join xmlns:schema="ValidSchema.xml" />’);
var root = results.documentElement;
var emp = empl.documentElement.selectNodes("//emp/employee/valid");
var dep = dept.documentElement.selectNodes("//dept/department/valid");

// nested loops
var tup = 0;
for ( var e = emp.nextNode(); e != null; e = emp.nextNode() )
P for ( var d = dep.nextNode(); d != null; d = dep.nextNode() )
P var en = e.selectSingleNode("Name");

var ed = e.selectSingleNode("Department");
var ve = e.selectNodes("validity");
var dn = d.selectSingleNode("Name");
var vd = d.selectNodes("validity");

// test the join condition
if ( ( ed.text == dn.text ) && overlap( ve, vd ) )
P root.appendChild( join.createElement("valid") );

newTNode( join, root.childNodes.item(tup), "EmpName", en.text );
newTNode( join, root.childNodes.item(tup), "DeptName", dn.text );
copyNode( root.childNodes.item(tup), e, "Salary" );
copyNode( root.childNodes.item(tup), d, "Budget" );
for ( i=0; i<numint; i++ )

newVNode( join, root.childNodes.item(tup), saveint[i] );
tup++;Q

Q
dep.reset();Q

return results;Q

// load the data sources and execute the join
var empl = new ActiveXObject("Microsoft.XMLDOM"); empl.async = false;
var dept = new ActiveXObject("Microsoft.XMLDOM"); dept.async = false;
var join = new ActiveXObject("Microsoft.XMLDOM"); join.async = false;
emp.load("Employee.xml"); dep.load("Department.xml");
join = do Tjoin();

21


