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The Valid Web: it' sTime to Go...

Abstract

Thedevelopmenbf the World Wide Webtechnologyonthe Internetis amajorachiezementof com-
puterresearchn recentyears. The greatavailability of easy-to-accessn-line hypermediadocuments
hasbeenarealrevolutionin theinformationworld, alsofor its importantsocial,culturalandeconomical
consequencesiowever, a scarceattentionhasbeendevotedsofarto thetemporalaspect®f the World
Wide Webdefinitionandtechnologyalthoughtime undoubtedlyplaysa penasive andfundamentatole
in thereality andin its informationcounterpart.Moreover, althoughthe managemendf time-varying
informationis a consolidatedesearchssuein the databasdield, no integrationsbetweenthe World
Wide Web anddatabasavorlds hasbeenattemptedn this respectyet. Notwithstandingthis happens
while thereis a substantiatornvergencebetweerthe two worlds, with a renaved intereston the XML
emepgenceasthe upcomingstandardor the representatioandexchangeof semistructuredataon the
Internet.

In this work, we presenta temporalextensionof the World Wide Web by defining a complete
XML/XSL infrastructureto supportvalid-time. The proposedralid-time versioningschemeallows the
explicit definitionof temporalinformationwithin HTML/XML documentswhosecontentscanthenbe
selectvely accessedn the basisof the validity codedwithin them. By actingon a navigation validity
context, theproposedolutionmakesit possibleto navigatethroughtimein a givenvirtual environment
with ary XML-compliantbrowser;thisallows, for instanceto cut personalizedisit routesfor aspecific
epochin avirtual museunor adigital historicallibrary, or to visualizethe evolution of anarchaeologi-
cal sitethroughsuccessiesagespr to selectvely accespastissuesof magazinesstockquotearchies,
etc. Moreover, the proposedemporalextensioncanalsobeappliedin a straightforvardway to generic
XML-encodedsemistructuredata,laying the foundationdor the managememf temporalXML data
andthe developmentof temporalXML querylanguages.In particular the realizationof a temporal
virtual museumandthe managementf temporalXML data(via TSQL2-like queryfacilities)with the
proposedemporalextensionave beenshavn feasiblethrougha prototypedemonstratiowVorld Wide
Website,whichwill alsobedescribedn the paper

1 Intr oduction and RelatedWork

A greatdealof work hasbeendonein recentyearsin thefield of TemporalDatabase§éTDBs)[22, 11, 40,
9, 23]. Dueto this effort, a large infrastructure(namelydatamodels,querylanguagesindex structures,
etc.) hasbeendevelopedfor the managemendf dataevolving in time, for which successie versionsneed
to be maintainedratherthan beingoverwrittenor discardedoy destructie changes.Two well-known to
datekindsof time areusuallyconsideredn theliterature[9]: transaction-timendvalid-time Theformer
concernghe evolution of datawith respecto the systemwheredataare storedandthe latter concernghe
evolution of datawith respecto theapplicationreality thatdatadescribe By theway, researclinterestson
temporainformationhave beenalmostfocusednhighly structurediata(e.g. relationalor object-oriented),
and,for instance no textual dataor lessstructuredmultimediadocument$ave beendiffusely considered
for temporalextensionssofar.

On the other hand, the World Wide Web (WWW, W3 or Web [3]) is a large distributed collection
of hypertetual and multimediairregular documentsavailable on-line on the Internet. Virtual navigation
from siteto siteis madepossiblejn atransparentvay, by following hypertextual links (Uniform Resource
Locators[33]) foundin browsing the documents Almost every Web documentsare currentlywritten and
formattedaccordingotheHTML standard27], whichis amarkuplanguagdoasednthe SGML formalism
[35]. However, the eXtensibleMarkup Language(XML [25]), which hasbeendesignedo overcomethe



mainlimitationsof HTML andhasbeenrecentlyrecommendety theW3C Consortiun39], is becoming
the new emeging standardor publishingdocument®ver theWeh Thebrowsingof XML documentsan
be bestenjoyed by meansof provided stylesheetsin particular the eXtensibleStylesheet.anguaggXSL

[26]) allows thedefinitionof XML documentransformatiorrules[46] andthe specificatiorof formatting
semanticsMoreover, from adatabaseesearchperspectie, XML canalsobeconsideredsadatamodeling
languagg16], suitableto describesemistructued data thatis datawhich canbe irregular or incomplete
andwhosestructuremayrapidly or unexpectedlychange For thisreason XML is alsolikely to becomehe
futuredominantstandardor datarepresentatioandexchangeon the Internet.

The quickly growing popularity of the Internet,chiefly dueto the Web itself, hasgainedmomentum
for aconsistentnvestmenbf intellectual(andfinancial)resourcesn researctanddevelopmenif its tech-
nology Although the functionalitiesof the Web, including markuplanguagepotentialitiesand browvser
capabilities,have beenlately greatly increasedscarceattentionhasbeenso far devoted to the tempoal
aspects.The only necessityactuallyacknavledgedin the Web communityis for the supportof resource
versioning particularlyin a scenarioof collaboratve authoringandconcurrentdocumentditing[21, 41].
Hence,alsostandardizatiorefforts have beenmadeon theseproblemsby the IETF WebDAV (Web Dis-
tributed AuthoringandVersioning)Working Groups[38], involving formalizationof requirementsHTTP
protocol[28] extensionssearchingacilities for DAV repositoriesyersioningand configurationmanage-
mentsupport. Thekind of versioningconsideredhereis on the systemside: the maintenancef versions
reflectsthe history of modificationsappliedto the documentsas committedby authorsto the document
store(remotesener). Thereforejn TDB terminology the temporaldimensioninvolved is the transaction
time althoughthe temporalaspectgelatedto resourceversioninghave not explicitly beenrecognizedas
such.

However, Web documentgnay alsocontainintrinsically temporal(i.e. historical) information,where
thevalidity is aconstitutve partof theinformationitself. Thetemporaldimensionnvolvedis, thistime, the
valid time This aspechasnot beentakeninto accountwith the necessaryorth yetandthe mainpurpose
of the presentwork is to fill this gap. Notice that one of the main problemsrelatedto the uncontrolled
growth of theinformationamountavailableon the netis to provide someaid to the usersnotto “get lost”.
Theadoptionanduseof thevalidity temporaldimensioncouldbeagoodtool to improve theselectvity of a
network informationsearchwhich couldalsoenhancéhe usefulnesandfunctionalityof alreadyavailable
navigationaids(e.g. Web searchengines).The settingof a suitablevalidity coordinatan brovsinga Web
site containinghistoricalinformation (e.g. a digital library or a virtual museum,but also an archve of
newspapetlissuesor stockquotes)would improve the searchquality: only relevant informationwould be
displayedjnsteadof beingimmersedn a massof temporallyheterogeneousndnon-pertinenstuf.

A third temporaldimensions alsoalreadyof interestin the Webcommunity thatis thetime dimension
intrinsic to multimediadatalike music, movies, animatedpresentationand others,involving streamsof
information. The issueis not very centralindeedin the contet of TDBs (e.g. it hasbeendealtwith
in [7]), but hasbeentaken into accountin hypertet research.For instancethe HyTime proposal[14]
mainly consistsof an SGML extensionto representime-baseddocuments.Also more recentproposals
(e.g. basedon SMIL 1.0 [36]) took multimediasynchronizatiorproblemsinto account. This third time
dimensiorinvolvestemporalspectsvhichcanbeconsideredrom our perspectie as“internal; localto the
representatioandusageof somespecialtypesof data. Therefore suchtime dimensionis quite orthogonal
to thetwo time dimensionaisuallyconsideredn temporaldatabaseesearclHiit couldbelabelledasauser
definedime, in TDB terminology),althoughpossiblenteractionsvould desere athoroughlyinvestigation
in futurework.

The contritution of this paperconcernsthe introduction of valid-time into the World Wide Web to
supportthe managemenof historicalinformation and temporalstructuredor semistructuredlata. Two
referencapplicationswill beintroducedn Sec.2 to beusedin therestof thepaper Section3 is devotedto
thetechnicaloreof ourproposalwewill presenaicompleteXML/XSL infrastructureéo embodytemporal
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informationinto Web documentsaandput temporalnavigation andqueryfacilities at Web users disposal.
The solutionwe proposedoesnot requirechangesn the currentWeb technologyasit is basedon XML
andrelatedstandardsThe adoptionof a suitableXML schemdor documentimestampinganda provided
XSL stylesheetor temporallyselectie documenprocessingvill enableany XML-compliantbrowser like
Microsoft InternetExplorer5 (le5[32]), to supportemporaldocuments.

TheproposedVebextensionhave alsobeentestedonaprototypeimplementatiorwhichwill bebriefly
describedn Sec.4. Ourimplementatioralsolargely exploits anothepowerful Webtechnologysupported
by le5: the DocumentObjectModel (DOM [24]), which is an applicationprogrammingnterface (API),
which allows dynamic manipulationof HTML and XML documentge.g. via scripting languagedike
JavaScript[31]).

Conclusionganfinally befoundin Sec.5.

2 Two ReferenceSampleApplications

The proposaloutlinedin this paperconcernghe additionof the valid time dimensionto Web documents.
Typical classof documentsve considerin this context areclassicaHTML-basedhypermediadocuments
(Web pages)containingirregular data,or XML-baseddocumentsontainingstructuredor semistructured
data. In the former case,the proposedextensionis finalized to supporttemporalnavigation in virtual
environmentswhich are sourcef historicalinformation. An extremelyappropriateexampleof suchan
ervironmentis a Webmuseumwhichwill beusedasafirstreferenceapplicationin therestof thepaperIn
thelattercasetheextensions aimedat supportinghemanagementf temporaldata,which arerepresented
andexchangedas XML documentsAs referencesxampleof this secondkind of useof our approachwe
will considertherepresentationf relationaldataconcerningemplg/ees,the very mostcommonexample
usedin the TDB literature. The supportof queriesinvolving all thetemporalselectionpredicatesvailable
in alanguagdike TSQL2[19] will beconsideredn this case.

2.1 The Temporal Web Museum

The numberof Internetmuseunsitesavailable on the Webis increasingday by day For instanceseveral
famousrealmuseumsave gottheir official Websites:

e ThelLouvreMuseumin Paris,URL: http://m stral .cul ture.fr/| ouvre/
e TheUffizi Galleriain FlorenceURL: htt p: // ww. uf fi zi . firenze.it/
e TheVaticanMuseumsn Rome,URL: ht t p: / / ww. chri st usr ex. or g/ wwl/ vat i cano/

e TheGuggenheinMuseumsURL: htt p: / / www. guggenhei m or g/
(includingManhattanSoho,Berlin, Bilbao andVenicesites)

e TheMetropolitanMuseumof New York, URL: htt p: / / www. met nuseum or g/
e TheMuseumof ModernArt in New York, URL: htt p: / / www. moma. or g/

Themainpurposeof thesesitesis the presentatiomf the correspondingealinstitutions(providing general
information,plans,samplesrom themaincollections etc.),theadwertisementf currentinitiatives, till the
merchandisingf museungadgetsandpublications.Moreover, privateor corporateart collectionsmay be
foundontheWeh Scientificjournals(e.g. ArchivesandMuseuninformaticg andinternationatonferences
devotedto Webmuseumge.g. MuseumsandtheWeb) alsoexist [2].



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]
U [ 2000-01-0%now]

Al || Ashley | 5/25/59| Engineering| 30K [ 1994-01-0% 1995-12-3]
U [1997-03-0+1999-11-30
Al || Ashley | 5/25/59| Finance 35K [ 1996-01-0% 1997-02-28

Tablel: TheEmployeeTemporalTable.

Ontheotherhand purelyvirtual museumsthatis withouta physicalcounterpartarealsoavailableon-
line. Forinstancepneof theveryfirst sitesto appearandoneof themostpopularnow (mirroredon several
senersthroughoutheworld), is the“WebMuseum”[15] authorecandmaintainedy NicholasPioch,also
known asthe“WebLouvre” beforetheofficial Louvresitewasopenedilt is basicallya collectionof image
datarepresentindamouspaintings heterogeneouasto their origin, which canaccessedor example,via
anartistor athemeindex. The Web Museumhasbeenusedto testour proposal:we realizeda temporal
versionof a subsebf theWebMuseumpagesanddevelopeda Webenvironmentfor thetemporalbrowsing
of its collections.

A relatedapplicationis alsothe productionof a virtual archaeologicasite, basedon the finds, reliefs
and reconstruction®f an underlyingreal site. Virtual sightseeingsan be madeavailable by meansof
hypermediaplans(e.g.topographicthematic historical),or alsothroughvirtual reality environments for
instancebasedn VRML code[37]. As avirtual reality applicationmalesit possibleaninteractie spatial
trip in the modeledscenariothe integrationof time into the Web would addalsothe temporaldimension
to the navigation, with the site changingthroughthe ageswhenthe usermovesalongthetime axis. This
is the approaclhtaken, for instancejn the NU.M.E. (New MuseumEnvironment)project[34], wherethe
time dimensiorhasbeenaddedo a VRML environment.Theintegrationbetweersuchapproacheandthe
temporalextensionwe introducehereis beyondthe scopeof thiswork.

2.2 The Temporal XML EmployeeData

As far asthe managemendf emplo/ee datais concernedywe will considerthe basicfunctionalitiesof a
relationaltemporaldatabase.To this aim, we startfrom a temporaltablelike the onein Tah I, adopting
tupletime-stampingvith a tempoal elementnamelya disjoint union of time intenvals), accordingto the
BCDM temporaldatamodel[10]. Eachtuplerepresentafactconcerninganemplg/eeandthe Valid Time
attribute representsvhenthefactis (wasor will be)true. TheID attributeis assumedo be atime-irvariant
system-defineddentifier (a surrogatein the TSQL2 datamodel), which guaranteeshe identificationof
emplo/eesevenwhentheir key valueis subjectto changegasit happengor Tom’s namein the example).
Temporalqueriescan be issuedon suchdatato extract temporalinformation, for instance by selecting
tupleson the basisof their validity (temporalselection).Without lossof generality we adoptasreference
languagél SQL2,whichis widely known, derivesfrom asubstantiatonsensusffort and,thus,summarizes
mostof thefunctionalitiesof othertemporalquerylanguagesTheclassof simplequeriegon onerelation)
we will consideiis of thefollowing kind:

SELECT <target-list>
FROM Enpl oyee
WHERE VALI D( Enpl oyee) <tempoal-predicate- Val i di t y_Cont ext



whereVal i di t y_Cont ext is atime intenal definedby the userand <tempoal-predicate> is oneof

the available operatordor comparisorbetweena temporalelementand an interval (namelyOVERLAPS,

EQUALS, PRECEDES, CONTAI NS, I\/EETSl). Obviously, we alsoconsiderdual querieswith the reversed
orderof the operand®f thetemporalpredicateywhenthisis not symmetric(i.e. PRECEDES, CONTAI NS,

MEETS). For instancethequery:

SELECT * FROM Enpl oyee
VWHERE PERI OD( DATE(’ 1994-01-01"), DATE(’ 1994-12-31") )
PRECEDES VALI D( Enpl oyee)

selectall theemplo/eedatawhosevalidity follows the[1994] time intenal (all thetuplesbut thethird one
in Tah I).

If the VALI D( Enpl oyee) timestamparealsointenals,the simplequerieswe considerallow to test
ary of thethirteenpossiblerelative relationshipsvith theVal i di t y_Cont ext (beingTSQL2tempoally
completdn thisrespectasequvalentto Allen’s algebrd1]).

3 Integrating Valid Time into the Web

In this Sectionwe outlineour proposakoncerningan XML/XSL infrastructuregor thedefinitionanduseof
valid-time temporalWeb documents Generallyspeakingthe adoptionof valid time is aimedat allowing
the managemendf historicalinformation(past,presentor future). Historicalinformationmustexplicitly
be codedwithin the Webdocumentsto be selectvely accesseduringtemporalbrowsing. To this purpose,
distinctpartsof a Webdocumentanbetimestampeavith their own validity duringthedocumentreation.

In a Web museum selectve browsing would allow the definition of personalizedisit pathsthrough
centuriesandartisticor historicalperiodswithin themuseuncollections.In orderto planavisit (virtual or
real),we couldacton valid time selectionto changethe historicalperiodof interest.For instancewe can
choosethe High Renaissancperiod,by selectingthe validity range1495-1520Hence,we may startour
virtual visit enteringsomevirtual hall or gallery: only thetemporallyrelevantpaintingsor sculpturesvould
be present;by changingthe validity context we could seesomewaorks vanishand somedifferentworks
materialize.For example,in a hall dedicatedo theItalian High Renaissanceye couldview the evolution
of thepaintingstylesof LeonardadaVinci, RaphaelMichelangelaandTitian and,say have alook to works
contemporaneous the MonalLisapicture.

3.1 Defining Valid Temporal Documents

Valid-time versioningis aimedat the productionof temporl Web documentsthatis containing(histori-
cal) informationwith differentvalidities. To this purpose Web resourceseedto be especiallydesigned
astemporal andthetimestampingf time-varying informationhasto be explicitly codedby the authorsn
thedocumentreationphase.The granularityof temporalversioningwe considertis finer thanthe Internet
resourcgidentifiedby a URL/URI [33]), thatis singlepiecesof Webdocumentgi.e. text paragrapham-
ageslinks...) canbeassignedlifferentvalidities. Theadditionof valid time to Webdocumentsve propose
is basedon the extensionsof the XML markuplanguagg25] with timestampingags. The functionalities
of thenew tagscanbefully specifiecby meansf suitableXML schemaandstylesheetsyithoutrequiring
modificationsto the WebbrowserssupportingKML (like Ie5).

IActually, TSQL2 defines MEETS as a comparison operator between intervals only. Therefore, the clause
“VALI D( Enpl oyee) MEETS Val i dity_Cont ext” shouldmore properly be written as “LAST( VALI D( Enpl oyee))
MEETS Val i di t y_Cont ext ”, wherethe LAST operatorextractsthe lastintenal from a temporalelement.Hence we intend
above aslightly extendedVEETS operatorto work in this way with anelement.We apologizefor thelittle akuse.



In particular our proposalconsistsof the additionof a new XML tag, <val i d>, to definea validity
contt. Thevalidity context is usedto timestampa partof a documentto whichit assignsa specifictime
pertinencavhich canthenbeusedfor temporally-selecte documentnanipulation.Thecontentsembraced
in avalidity context canbeof ary allowedkind (namelytext, graphicelementsandary otherXML structure
includingnestedkval i d> elements).Thetimestampsanbe specifiedin a validity context by meansof
<val i di t y>tags,whichallow thedefinitionof atemporalintenal throughits boundariegi.e. thevalues
of thef r omandt o attributesof the<val i di t y> XML element).In general multiple intenals canbe
used:in this case thetimestamps definedasthe union of all the validity intenals specified;formally, the
timestamps atempoal elementsdefinedin the BCDM temporaldatamodel. For instancethefollowing
code:

<l-- definition of a validity context -->
<val i d>
<l-- valid-tine tinmestanping -->
<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 al so <b>valid from 1995 to 2000</ b>. ..

</valid>

definesa validity context whosevalidity is [1980-1985] U [1995—2000]. Thetime constantsre specified
accordingto the ISO 8601 format[4], correspondindgo the XML dat e datatype. The introductionof

the validity contet, including the definition of the requirednew tags,is effectedvia the XML schema,
namedval i dSchema. xm , displayedn Fig. 1. Sucha schemamustbeincludedin any XML temporal
documento enablevalidity contets, in theway usualfor XML-Data [42] schemas:

<?xm version="1.0" ?>
<Tenpor al Doc xnml ns: dt =" x-schenma: Val i dSchema. xm " >

therestof thedocumentyith timestampeeval i d> elements,
includingany XML and (well-formed)HTML mark-up

</ Tenpor al Doc>

Noticethattheuseof anXML schemansuresyntacticcheckson thewell-formednes®f temporaldocu-
mentsto beautomaticallyeffectedby the XML-enabledbrowers. Theadoptionof anXML schemanstead
of aDocumenfTypeDefinition (DTD, [17]) is dueto its flexibility andextensibility, in additionto the avail-
ability of predefineddatatypes. Unlike aDTD, an XML schemds basedon an opencontentmodel,and
thusit canbe appliedto ary kind of documentgirregular data),also containingXML elementsdefined
by otherschema®r even not definedarywhere. In this way, our proposalconcernsa way of addingthe
timestampingacility to genericXML documentsalsojust containingplain HTML code. Any existing
HTML-basedWeb site canthus easily be madetemporal,by addingXML <val i d> timestampdo its
documentsn accordancéo theVal i dSchema. xm schemabove.

Therefore,as also exemplified by our demo prototype, the purposeof our proposedtimestamping
schemas (atleast)twofold:

2This also appliesto the date constantsspecifiedasf r onit o attribute values. However, the le5 parserand DOM do not
currentlysupportthedat e typeand,thus,doesnot effect correctnessheckson datevalueswhenapplyingthe XML schema.



<?xm version="1.0" ?>
<Schemaxm ns="ur n: schenmas-mn crosoft-com xm - dat a"
xm ns: dt ="urn: schemas- i crosoft-com dat at ypes" >

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

<El enent Type nanme="validity">
<attribute type="from' m nCccurs="1" maxCccurs="1" />
<attribute type="to" m nCccurs="1" maxQccurs="1" />
</ El enent Type>

<El enent Type nanme="val i d" content="m xed">
<el enent type="validity" mnCccurs="1" maxCccurs="*" />
</ El ement Type>

</ Schema>

Figurel: TheVval i dSchema. xn XML schema.

¢ it canbe usedto make temporal“traditional” Web sites(featuringHTML multimediadocuments),
in orderto supportthe representationf historicalinformation,andenablinga temporallyselectve
navigationwith respecto informationvalidity; ourfirst referenceapplicationcorrespond$o suchan
approach;

e it canbe usedto make temporalthe emeging deploymentof XML for datarepresentatioand ex-
changeon the Web, in orderto supportthe managemenof temporalstructuredor semistructured
data,andenablingthe utilization of functionalitiesasdevelopedby temporaldatabaseesearche.g.
TSQL2-like temporalquerylanguages)pur secondeferenceapplicationcorrespond$o suchanap-
proach.

Furthermoreary otherkind of new XML-basedapplicationcanbe madetemporaln thesameway. Hence,
they will benefitfrom therepresentationf historicalinformationandtemporaldatamanagementapabili-
ties.

Referringto our first referenceapplication thelegagy HTML pagessomposinghe WebMuseummust
beconvertedto XML documentsnakingreferenceotheVal i dSchema. xm schemasdescribedbove.
Moreover, their original HTML markupneedssomechecksfor corversioninto well-formedHTML code.
This phaseof Websitere-engineeringanlargely beautomatedThehumandesigneinterventionis indeed
requiredfor the additionof timestampingasthe piecesof informationto be enclosedn <val i d> ervi-
ronmentshave to be carefullyidentifiedandappropriatdime valueshave to beassignedn <val i di t y>
timestamps.

Referringto our secondreferenceapplication,the emplg/ee dataof Tah | canbe given the temporal
XML representatioshavn in Fig. 2. ThelD attribute, which is atime-irvariantidentifier, is transformed
into a properattribute of each<enpl oyee> element. For eachemplgee,one<val i d> ervironment
is introducedfor eachof its tuplesin Tah | to representa temporalversionof the emplo/ee data. The



<?xm version="1.0" ?>
<enp xm ns: dt ="x-schema: Val i dSchena. xm ">
<enpl oyee | D="T1">
<val i d>
<Nanme>Tonx/ Name>
<D-Birth>8/15/51</D-Birth>
<Depart ment >Mar ket i ng</ Depart nent >
<Sal ary>27K</ Sal ary>
<validity fronm="1996-04- 15" to="1998-09-19" />
</valid>
<val i d>
<Nanme>Thomas</ Nanme>
<D-Birth>8/15/51</D-Birth>
<Depart ment >Account i ng</ Depart nent >
<Sal ar y>28K</ Sal ary>
<validity from="1998-09-20" to="1999-05-31" />
<validity from="2000-01-01" to="9999-99-99" />
</valid>
</ enpl oyee>
<enpl oyee | D="Al1">
<val i d>
<Nane>Ashl ey</ Nane>
<D-Birt h>5/25/59</D-Birth>
<Depar t ment >Engi neeri ng</ Depart nent >
<Sal ar y>30K</ Sal ary>
<validity from="1994-01-01" to="1995-12-31" />
<validity from="1997-03-01" to0="1999-11-30" />
</valid>
<val i d>
<Nane>Ashl ey</ Nane>
<D-Bi rt h>5/25/59</D-Birth>
<Depart ment >Fi nance</ Depart nent >
<Sal ar y>35K</ Sal ary>
<validity from="1996-01-01" to="1997-02-28" />
</valid>
</ enpl oyee>
</ enp>

Figure2: TheEnpl oyee. xm XML datasource.




<?xm version="1.0" ?>
<xsl :styl esheet xm ns:xsl="http://ww. w3. org/ TR WD xsl| ">

<l-- identity transformation tenplate -->
<xsl :tenpl at e>
<xsl : copy>
<xsl:apply-tenplates select="@|*| comrent()|pi()|text()" />
</ xsl : copy>
</ xsl:tenpl at e>

<l-- recursive valid-tinme selection tenplate -->
<xsl :tenpl ate match="val i d">
<xsl : choose>
<xsl : when test="validity[ conditionon from and t o attributevalue$ " >
<xsl : copy>
<xsl:apply-tenpl ates select="@|*| conment ()| pi()|text()" />
</ xsl : copy>
</ xsl : when>
<xsl : ot herw se>
<xsl :apply-tenpl ates select="valid" />
</ xsl : ot herwi se>
</ xsl : choose>
</ xsl:tenpl at e>

</ xsl : styl esheet >

Figure3: TheXSL Val i d. xsl| stylesheet.

<val i di t y> timestamp<orrespondo the Valid Time attribute in Tah I. The orderin which the dif-
ferent<val i di t y> tagscomposinga temporal-elemenimestampappearandtheir individual position
within the<val i d> environment)is irrelevant. Only conformancéo theVal i dScherna. xm schemas
required.

3.2 Temporal Browsing, Navigation and Querying

The useof temporaldocumentds aimedat supportingselectie brovsing of Web documentsiemporal
Web navigation and querying of temporaldata. The default valid time usedfor the Web navigation is
usuallythe whole time range,enablingto view the full contentsof documentswhich correspondso the
basicuseof non-temporalstandardJdocuments.For a selectve temporalnavigation, the time rangecan
be reducedby the user(e.g. via somebrowserfacility). It doesnot seemtoo restrictive to adopta time
interval asvalidity contet, sincealso mostqueriesin valid-time databaseare commonlybasedon the
comparisorwith anintenal. Oncesetup by the user suchvalidity intenal is knowvn by the Web client
as a navigationvalidity context. When temporaldocumentsare processedpnly the partswhosevalid
timestampoverlapsthe navigation validity context are effectively takeninto accountanddisplayed. The



samds automaticallyappliedwhennen documentsreretrievedby following alink, enablingafull-fledged
temporalnavigation. Whendealingwith XML temporaldata,the navigation context assumeshe meaning
of aqueryvalidity context, which canbe usedby a Web-basedapplicationto selectthe dataon the basisof
atemporalcomparisoroperator(notonly the overlapone).

In our proposal,the valid-time selectionrelies on the adoptionof an XSL styleshee{26], named
Val i d. xsl , to performa dynamicfiltering of the documentcontentsaccordingto the navigation con-
text. SuchstylesheeembedsXSL transformation$46] andadoptsthe XML pathlanguagd44] facilities
implementedn le5 (seg[45] for reference).Thedefinitionof the stylesheetanbe seenin Fig. 3: thefirst
partconsistof a simpleidentity-transformatiotemplate whereaghe secondartis devotedto thetempo-
ral selectionof the contentsof valid contexts. The processingf thenevw XML <val i d> elementcauses
the outputof the elementcontentswhen a validity selectioncondition (involving the documentelement
timestampjs verified. For instancejf theconditionhastheform:

@roni.$le$ '1999-12-31' ] and @o[. $ge$ ' 1999-01-01" | ,

each<val i d>elementvhosevalidity overlapsyear1999is includedin thestylesheebutput:theselection
conditionmatchesary <val i di t y> elementwherethef r omattribute valueis <1999/12/3landthet o
attribute valueis >1999/1/1.

Theparticularstructureof the selectiontemplatecauseshe executionof atestinvolving the navigation
contt andall the<val i di t y>timestampg$oundin thecurrent<val i d> element.Theconditionalpro-
cessingusesthexsl : choose instructionwhich providesfor anxsl : ot her wi se case(not supported
by thexsl : i f XSL element),n orderto recursvely look for nestedvalidity contexts. Thexsl : when
instructionis activatedif atleastoneof theintenals(correspondingo aval i di t y elementpelongingto
thetimestampsatisfieshe selectioncondition. Thexsl : ot her wi se instructionis actvatedonly when
noneof thetimestamp®f thecurrent<val i d> environmentsatisfieghe selectioncondition.

Notice that, if the navigation validity contet is changedby the userduring his/hernavigation, such
a conditionshoulddynamicallybe changedn the style sheet. If the stylesheets thenre-appliedto the
documentalsothe documentisualizationcanbe changedo reflectthe users action. For instancejn our
prototypeimplementationwhichis basedn le5, the stylesheeis actuallychangedo updatethe selection
conditionandre-appliedto the documenty meansof the DOM methods’functionalities.In this way, the
changes actuallyeffectedonthestylesheetopy loadedlasan XML documenbbject)in themainmemory
spacananagedby thebronvseror onacopy of thestylesheetachednalocal disk of themachineonwhich
the browseris running. For example,the overlapwith 1999conditionabove candynamicallybe appliedto
thedisplayeddocumenby meanwof the JaraScriptcodeshavn in Fig. 4.

Notice alsothat more complex temporalselectionghanthe simple overlap could be implementedby
applyinga differentconditionor evenby defininga differentfiltering templatein the stylesheetTherefore,
alsosophisticatediemporalqueryfacilitiescouldeasilybeaddedo atemporaMWebsite by meansof appro-
priatedirectmanagemerdftheVal i d. xs| temporakelectiorcondition. As amatterof fact,asit is based
onthele5 XSL support(with Microsoft XSLT [46] and XPath[44] extensions)ur proposalrepresents
straightforvard temporalextensionof the XQL querylanguagd18]; extensionthathasbeendesignedisan
applicationof XQL itself. For instancewe will shav in the Sectionthatfollows how differentXSL filters
canbeusedto supportTSQL2-like selectiorpredicate®ver XML temporaldata.

4 A Prototype Implementation
In this sectionwe describehe softwareprototypewe implementedor testingandvalidatingour proposed

valid-time XML/XSL temporalextensions.The prototype namedThe Valid Web” [5], consistf a Web
sitewhich canbe browvsedwith le5 (seeFig. 6). The Webpagesof the siteareorganizedn two frames.A
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/!l Find the validity test condition in the styl esheet
var sel = docunent. XSLDocunent. sel ect Si ngl eNode("//xsl :when/ @est");

/'l Replace its value with the 1999 overlap condition
sel .val ue =
"validity[ @ronf. $le$ 1999-12-31'] and @o[. $ge$’ 1999-01-01"] 1";

/1 Apply the nodified stylesheet to the docunent, and update the display
docunent . body. i nner HTM. =
docunent . XMLDocunent . t r ansf or MNode( documnent . XSLDocunent )

Figure4: A DOM scriptfor dynamicchangeof the navigationvalidity context.

smallserviceframein the bottompartof thewindow containsall therequiredcontrolsto dealwith theuser
interactve specificatiorof the validity context to be usedfor temporalnavigationandquerying,including
thevisualizationof thecurrentvalidity contet. All thecontrolsareimplementedsJavaScriptfunctions.A
largerframe,occupying almostall the brovserwindow spacejs usedto displaytemporaldocumentsthat
is the resultsof the temporallyselectve filtering effectedby the Val i d. xs| stylesheebn timestamped
XML documentsTheresultsof suchfiltering is, in our first exampleapplication,aplain HTML document
which is thenrenderedy the browserin the “usual” way. In our secondreferenceapplication the results
of the temporalfiltering of the XML documentcontainingemplo/ee datais thenformattedvia a second
XSL stylesheetwhich corvertstheminto anHTML talular representatiowhichis eventuallydynamically
includedinto themainpagefor visualization.

In generalthevalid-timeselectionmpliesthechoiceof anintenal. Thiscanbedoneby anindependent
choiceof the two time pointsrepresentinghe intenal bounds. The selectionof eachintenal boundcan
be basedfor instancepn a graphicscollbar or slider for analogfine selectionof atime-point(ata given
granularitylevel). In our prototypeimplementationtime-pointsare dates(i.e. the granularitylevel is the
day) andthe selectionof aninterval canbe effectedby meansof a Java JFC/Swingapplet[30, 8], which
containstwo graphicsliders: the formerto selectthe yearandthe latterto selectthe day of the year(see
Fig. 5). Theformerslider, for the users corvenience hasa 500-yearrange,which canbe changedfrom
0-500to 2000—2500py meanof amultiple-dhoicemenuavailablenext to theyearslider Assumewe have
to fix a date,say1996/3/7.We canstartby choosingthe year1996with the formerslider (with the default
rangel500-200Gset)andthenchoosethe March, 7 datewith the latter slider The chosernvaluecanthen
be assignedo the Fromor To interval boundby meansof the correspondingSet” button However, also
editableinputfieldsfor directtyping of avalid timevalue(in the*YYYY- Mt DD” stringformat)arealways
availablein the dialogwindow containingthe runningapplet. The communicatiorbetweerthe appletand
the JavaScriptcontrolfunctionsin the calling serviceframe(e.g. to returnthe selectedvalidity context) is
managedy meanf the LiveConnecpackagd12] supportedy the Java Plug-in1.2.2[29].

4.1 Visiting the Temporal Web Museum

In the Web Museumapplication,oncethe navigation validity context choiceis confirmedby the user the
temporalselectionover the currently displayeddocumentis automaticallyre-executedby meansof the
DOM mechanisndescribedn theprevious Section.Furthermorein orderto enableafull-fledgedtemporal
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ﬁ Yalidity Context 5election -- Web Page Dialog

 Validity Context Selection

1500-2000 — e e e e B
1 1 1 ! 1 1 1 1 1 1 1

1500 1600 1700 1500 1900 2000

|Jan | Feb |Mar | Apr [May | Jun | Jul |A&ug |Sep |Oct | Nov |Dec |

Selected Date

2000-05-14 % L :

LD 1999-2000 by Fabio.& Fede.
T T

File: /BN emb W i e b W2 html

Figure5: TheJava Appletfor the selectionof a Validity Context.

navigation,eachtime the userchangeshe displayeddocumenin the usualway (e.g. by following alink),
thecurrentvalidity contet is automatically‘inherited” by the newly loadedpage if alsothenenv document
is atemporalXML one. This behaiour is forcedin our prototypethanksto the dynamicHTML facilities
supportedby le5. In fact, we useda slightly modified Val i d. xs| stylesheetith respectto Fig. 3.
Theactualstylesheeimplementsa dynamiccallbackmechanisnby insertingsomeJavaScriptcodein the
preambleof the processediocument.Sucha scriptprovokes,on load of thedocumenby the browvser the
immediateactiation of the temporalselectionfunctionality: aswhenthe validity contet is changedthe
Val i d. xsl filter is updatednthefly (to includethe overlapwith thecurrentvalidity context asselection
condition)andthenre-appliedto the displayeddocumentoy meansof DOM methodcalls similar to the
onesin Fig. 4. In thisway, thevalid-time selectionis automaticallypropagatedin a transparentvay, also
to thenewly loadedtemporaldocuments.

For examplethe top half of Fig. 6 shavs two snapshotef the navigation of a samplepagecontaining
Rembrands self-portraits.The completepagecontainsseven pictures datingfrom 1629to 1669. Fig. 6.a
shavs the pagewhenthevalidity context hasbeensetto [1635—-1640pndonly two picturesarevisible (the
third andthe fourth one). Fig. 6.b shavs the samepagewith the validity context changedo [1660—1665]
andtwo otherpictureshave beendisplayed(the fifth andthe sixth one). The currentnavigation contet is
alwaysvisible in the bottomserviceframe of thewindow. The “Change”commandon theright is a link
thatactvatesthe appletof Fig. 5.
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| TSQL2 predicate | XSL filter (“xsl : when/ @ est ” nodevaluein Val i d. xsl ) |

“;g gggkﬁzggg validity[] @ronf.$le$ VCto] and @o[. $ge$ VCfrom ] ]

VEEQUALSVC validity[ index()=0 and end()

VC EQUALSVE and @ron{.= VCfrom] and @o[.= VCto ] ]
VE PRECEDESVC |validity[ end() and @o[.$It$ VCfrom] ]
VC PRECEDESVE |validity[ index()=0 and @roni.$gt$ VCto ] ]

VE MEETSVC validity[ end() and @o[.= prevDate(VCfrom) ] ]

VC MEETSVE validity[ index()=0 and @roni.= nextDate(VCto) ]| ]
VECONTAINSVC |validity] @ronf.$le$ VCfrom] and @o[. $ge$ VCto ] ]

validity[ index()=0 and @roni. $ge$ VCfrom] ]

VCCNTAINSVE validity[ end() and @o[.$le$ VCio ] ]

Tablell: XSL filtersto supporfTSQL2temporalselectiorpredicatesV E representtheemplo/eevalidity,
whereV C = [V Cfrom V Cto] representthequeryValidity Context.

4.2 Temporal Querying the EmployeeData

In the XML datamanagemerdpplicationthevalidity contet is usedasargumentof TSQL2-like temporal
selectionpredicatedor queryingemplo/ee data. The main window of the applicationcontainsa set of
links which allows the userto chooseone of the possiblepredicates. Eachlink activatesa JaaScript
function which dynamicallymodifiesthe filtering Val i d. xs| stylesheetand executesthe query Also
the tamget list canbe definedby the user who canchoosethe desiredattributesby meansof chedkboxes
in a provided form. The form is thenreadby the applicationbefore query executionin orderto define
the projectionspecifications.The projectionis implementedvia a sort of parametricXSL stylesheefor
translatingthe queryresultsinto HTML tableformat. Also this stylesheets dynamicallychangedoy the
applicationthroughthe DOM mechanisnto enablethe visualizationof the only attributespresentn the
tamgetlist. Thefinal resultsareeventuallydynamicallyinsertednto the page(in a <PRE> HTML element
usingthei nner HTM. property)anddisplayedasatable. Thecorrespondendeetweerthe querytemporal
selectiompredicatesindtheappliedXSL filtersis shavnin Tah 1l. Noticethatthe OVERLAPS andEQUAL S
predicatesare symmetricand, thus, the samefilter can be usedfor them also when the agumentsare
exchanged.

In le5 proprietaryXSL, “end() ” is a booleanfunction that returnstrue whenthe currentnodeis
the last child of its father whereasthe “i ndex () ” function returnsthe currentchild numbey being 0
the numberof the first one. If we supposdhatthe non-orerlappingintervals composingthe timestamps
are declaredin ascendingorder (along the time axis) within <val i di t y> elementsthe XSL pattern
“validity[ index()=0 ]" is thusmatchedwhen processinghe first intenal and“val i di ty][
end() ]” doeswhenprocessinghelastintenal. Hencethe TSQL2predicatesaneasilybetranslatedis
reportedn Tah Il. Forinstancetheequalitypredicatecorrespondso an XSL filter which checkswhether
the<val i di t y> interval underconsiderations at the sametime thefirst andthelastoneof the contain-
ing <val i d> ernvironment(i.e. the timestampis alsoan interval), andwhetherits boundariescoincide
with thoseof the queryvalidity context. However, sincewe explicitly madeno assumptioron the orderin
which<val i di t y> elementsanbespecifiedn XML documentsthey mustbesorted(e.g.in “@ r ont
order)beforethe applicationof theVal i d. xs| stylesheein orderto have temporalpredicatesorrectly
checled. In our prototype this is donevia anotherXSL stylesheetwhich transformghe XML datasource
into a copy with sorted<val i di t y> elements.Furthermorethelastpredicaten the Tablecorresponds
to two XSL filterswhich mustbebothappliedto selecthedata:thefirst oneensureshatthe queryintenal
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startsbeforethe beginningof thefirst validity intenal of the selectedlata,whereaghe secondoneensures
thatthe queryintenal endsafterthe endof the lastvalidity interval (sothatit completelycontainsthe data
validity). Thisis effected,in our prototype by two successi applicationof theVal i d. xs| stylesheet.

For example,the bottom half of Fig. 6 shavs two snapshot®f the running prototype. Fig. 6.c and
Fig. 6.d shav theresultsof two querieson XML emplg/eedata. The TSQL2-like form of the queriesis
also(partially) visible in the capturedmages.The validity contexts usedby the queriescanbe seenin the
bottomframeof thewindows.

As exemplified by the demoapplication,our proposednfrastructurecanalreadybe used,asit is, to
supportTSQL2-like temporalselectionqueriesover onedatasource(i.e. one“relation” storedasan XML
file). However, its querypower is the sameasthe underlyingXQL languagesupporteddy le5. Therefore,
it is not relationallycomplete,asit doesnot supportthe join operation(i.e. queriesover multiple XML
sourcesasXML-QL doeg[20]).

In additionto thedescribegrototype we alsodevelopedatestapplicatiorwheretemporaljoins [9] be-
tweentemporalXML datasourcesanbeexecutedpy explicitly implementinga nested-loopslgorithmin
JavaScript. The JavaScript*do_Tj oi n() ” function,whoselisting canbeseenin AppendixA.1, executes
thefollowing TSQL2query:

SELECT E. Nane AS EnpNane, D. Nane AS Dept Nane, E. Sal ary, D. Budget
[ VALI D | NTERSECT(E, D) ]
FROM Enpl oyee AS E, Departnent AS D
VWHERE E. Departnent = D. Nane
[ AND VALI D(E) OVERLAPS VALI (D) ]

wherethe Employeetableis the sameasin Tah | andthe DepartmentablehasrelationalschemaDEPA-
RTMENT (Name Budget | Valid Time). The“do_Tj oi n() ” functionaccessethetwo XML datasources
(storedin separatdiles but which could alsobe containedin the samefile) by meansof DOM methods
for manipulatingXML documenibbjects.DOM methodsarealsousedby the functionto explicitly build
from scratchthe temporalXML documentcontainingthe join results. The so built XML object, which
alsoconformsto theVal i dSchena. xm schemaganthenbetemporallyfilteredwith theVal i d. xsl
stylesheefbut alsothe sourcedocumentganbefilteredbeforethejoin execution)andeventuallyformatted
with anotherXSL stylesheeto bedisplayedasatablein anHTML page.

Indeed thereis currentlyno way of performingatemporaljoin betweertwo XML temporaldatacol-
lections(even both storedin the sameXML file) with pureXSL transformationsHowever, the JasaScript
codewe developedcouldbe usedasstartingpoint for an XSL extensionsupportingiemporaljoin process-
ing. Obviously, sinceit is basedon the manipulationof XML documenibjects,its performanceheaily
reliesontheirefficientmanagemenilThereforewe couldexpectabreakdavn in performancesshensource
XML objectscannotbe entirely maintainedn the mainmemoryspacemanagedy the browvserexecuting
scriptsandXSL-driventransformationsasit is the caseof joining large temporaldatasources.Theintro-
ductionof temporalXML queryoptimizationtechniqueg13] with efficient temporaljoin methodswvould
beneededn orderto overcometheperformanceroblem.

5 Conclusionsand Future Work

In this papemwe outlinedanapproactor theintegrationof valid timeinto theWeh We addressetheissues
concerninghe extensionsrequiredto documentstructureand format, documentprocessingandtemporal
browserusage.We basicallysketchedsomefeasiblesolutionsand gave an ideaof their potentialitiesby
meansof the applicationto a Web Museumandto the temporalmanagemendf XML data. The solution

3Thepartsin squarebracletscanbe omitted,dueto the default TSQL2semanticsThey have beenreportedherefor clarity.
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we proposedeliesonsimpleXML-basedextensionstheintroductionof anew <val i d> markuptagwith
thedefinitionof an XML schemdor the creationof temporaldocumentsandthe useof an XSL stylesheet
for selectve filtering of temporaldocumentsaccordingto a userdefinednavigation validity contet. We
alsodevelopeda prototypetemporalMebsite,accessiblavith le5, whichimplementghe proposedolution
andprovidestoolsfor the managementf the validity context with a friendly userinterface. However, the
functionalitiesfor the validity context managementould directly be embeddedin future XML-compliant
browserswithoutthe needfor a speciafframeprovidedfor thepurpose Neverthelessthe useof valid-time
temporaldocumentss alsoperfectlycompatiblewith the novadaysXML le5technologyasour prototype
Websitedemonstrates.

Moreover, the proposedolutionsarealsocompletelycompatiblewith temporallyunavareWebclients,
in the sensehatall theinformationcontainedn thetemporalHTML documentsvould still be accessible
(beingthenew temporamarkuptagssimplyignored) althoughtemporahavigationandselectve visualiza-
tion facilitieswould clearly not be available. Legagy HTML-basedWeb sitescaneasilybe madetemporal
by addingtherequiredtimestampgo the historicalmultimediainformationthey possiblycontain.

Futurework will be devotedto the extensionof the proposednfrastructure. In particularwe would
like to allow the selectionof any kind of validity contet, relaxingthe constraintof anintenal to be used.
For example,thevalid-time contet couldalsobe setby capturingthe valid time connectedvith aselected
objectwithin the documentundervisualization. Notice that, in generalthe capturedvalidity contet is a
temporalelementratherthana singleinterval. Suchmechanisnmay be usedto extend, contractand/or
shift the currentnavigationvalidity contet to bettersuitvirtual time-travel desiresdoy meansf anadaptve
self-tuningprocess WhenqueryingXML data,this would meanto extendthe classof supportedl SQL2-
like querieshy allowing bothargumentf selectiorpredicateso betemporalelementspossiblyextracted
from theunderlyingdata(like in agenerictemporald-join).

Moreover, a completequerylanguagefor XML temporaldocumentsould be introducedto support
comple temporalqueriesovertheWeh To this purposein our futurework, we will consideitheextension
of an XML querylanguagdike XML-QL [43] (or the XQL developedby Fujitsu [6]) to supportgeneral
temporalselectionconditionsover multiple timestampeXML documents.The requiredtemporalexten-
sionswill bebasedn all thefeaturesof the TSQL2temporalquerylanguageand,thus,will have thesame
temporalexpressieness.

Acknowledgments

This work hasbeenin part supportedby the M.U.R.S.T co-funded“INTERDATA” project (subproject:
Designmethodologie$or Websites).

References

[1] J.E Allen, “Maintaining KnowledgeaboutTemporalntenals; Communicationsfthe ACM, Vol. 26,
No.11,1983.

[2] Archives& Museumdnformatics,URL: ht t p: / / www. ar chi nuse. com

[3] T.Berners-LeeR. Cailliau,A. LautonenH.F. Nielsen,A. Secret, The World Wide Web; Communi-
cationsof the ACM, Vol. 37,No. 8, 1994.

[4] DateandTime FormatsW3C ConsortiumNote,
URL: htt p: / / www. w3. or g/ TR/ NOTE- dat et i ne.

16



[5] F. Grandi,F. Mandreoli,“The Valid Web ©”, Proc. of Softwae DemoTradk at the EDBT’2000Intl.
Confeence KonstanZ.ake, Germaly (to beheld).

[6] H.Ishikava, K. Kubota,Y. Kanemasay. Noguchi,“The Designof aQueryLanguagdor XML Data;
Proc. DEXAWbrkshopon QueryProcessingn MultimedialnformationSystem§QPMIDS) Florence,
Italy, 1999.

[7] R. Hjelswld, R. Midtstraum,O. Sandsd, “A TemporalFoundationof Video Database’,Proc. Intl.
Wobrkshopon Tempoal DatabasesZurich, 1995.

[8] JavaFoundationClassegJFC),SunMicrosystems,

URL: http://java. sun. con products/jfc/.

[9] C.S.Jensen).Clifford, R.Elmasri,S.K.Gadia,P. Hayes S.Jajodialeds.)etal.,C. DyresonF. Grandi,
W. Kafer, N. Kline, N. Lorentzos)Y. Mitsopoulos A. Montanari,D. Nonen E. PeressiB. Pernici,J.F
Roddick,N.L. Sarda,M.R. Scalas,A. Segev, R.T. SnodgrassM.D. Soo, A. Tansel,P. Tiberio, G.
Wiederhold,"A Consensu&lossaryof TemporalDatabas€oncepts Februaryl998Version, in O.

Etzion,S.JajodiaandS. Sripada(eds.),Temporl Databases Reseath andpractice LNCSN. 1399,
SpringefVerlag,1998.

[10] C.S.JensenM.D. Soo,R.T. Snodgrass;Unifying TemporalDataModelsvia a ConceptuaModel;
InformationSystemsvol. 19,N. 7,1994.

[11] N.Kline, “An Updateof the TemporalDatabas@ibliography’ ACM SIGMODRecod, Vol. 22,N. 4,
1993.

[12] LiveConnectin JavaScriptGuide Ch.5, NetscapgCommunications,
URL:htt p:// devel oper. net scape. coni docs/ manual s/ conmuni cat or/ j sgui de4-
/1ivecon. htm

[13] J. McHugh, J. Widom, “Query Optimizationfor XML”, Proc.25th VLDB ConferenceEdinturgh,
Scotland 1999.

[14] S.R.Newcombe,N.A. Kipp, V.T. Newcombe,“The “HyTime” Hypermedia/ime-baseddocument
StructuringLanguagé, Communicationsf the ACM, Vol. 34,No. 11,1991.

[15] N. Pioch,“The WebMuseunt, URL: htt p: //www. cnam fr/w .

[16] Proc.of QL'98 - TheW3CQueryLanguagesWbrkshop Boston,MA, Dec.1998,
URL: htt p: / / www. w3. or g/ TandS/ QL/ QL98/ .

[17] PrologandDocumenflTypeDeclarationjn ExtensibleMarkupLanguae (XML) 1.0, W3C Consortium
Recommendation,
URL: htt p: / / www. w3. or g/ TR/ REC- xm #sec- prol og- dtd.

[18] J.Robie,J.Lapp,D. Schach;XML QueryLanguag&XQL),” in [16],
URL: htt p: / / www. w3. or g/ TandS/ QL/ QL98/ pp/ xgl . ht m .

[19] R.T. Snodgrasged.),l. Ahn, G. Ariav, D. Batory J. Clifford, C.E. Dyreson,R. Elmasri,F. Grandi,
C.S.JensenW. Kafer, N. Kline, K. Kulkarni, T.Y. Cliff Leung, N. Lorentzos,R. Ramakrishnan,
J.F Roddick, A. Segev, M.D. So0, S.M. Sripada,The TSQL2Tempoal Query Languaye, Kluwer
AcademicPublishersBoston,Massachusset$995.

17



[20] D. Schach,).Lapp,J.Robie,"QueryingandTransforming<ML,” in [16],
URL: htt p: // www. w3. or g/ TandS/ QL/ Q.98/ pp/ query-transform htm .

[21] I. Sommerville,T. Rodden,P. Raysin,A Kirby, A. Dix, “SupportingInformation Evolution on the
WWW,” World Wide Weh Vol. 1, No. 1, 1998.

[22] M.D. Soo,"Bibliography on TemporalDatabases ACM SIGMODRecod, Vol. 20,N. 1, 1991.

[23] A. Tansel,J. Clifford, V. Gadia,S. Jajodia,A. Segev, R.T. Snodgrasgeds.), Temporl Databases:
Theory Designand ImplementationBenjamin/Cumming®ublishingCompary, Redwood City, Cal-
ifornia, 1993.

[24] The DocumentObjectModel (DOM) HomePage,W3C Consortium,
URL: ht t p: / / www. w3. or g/ DOM .

[25] TheExtensibleMarkupLanguaggXML) Resourcd’age W3C Consortium,
URL: htt p: / / www. w3. or g/ XM/ .

[26] TheExtensibleStylesheetanguag&gXSL) Resourcd’age,W3C Consortium,
URL: http://ww. w3. org/ Styl e/ XSL/.

[27] TheHyperText MarkupLanguaggHTML) HomePage W3C Consortium,
URL: htt p: // www. w3. or g/ Mar kUp/ .

[28] TheHyperText TransferProtocol(HTTP) HomePage W3C Consortium,
URL: htt p: // www. w3. or g/ Prot ocol s/ .

[29] TheJaraPlug-inHomePage,SunMicrosystems,
URL: http://java. sun. con product s/ pl ugi n/

[30] TheJara TechnologyResourcd’age,SunMicrosystems,
URL: http://java. sun.com

[31] TheJaraScriptResourcd’age,NetscapgCommunications,
URL: htt p://devel oper. net scape. conft ech/javascript/.

[32] TheMicrosoftInternetExplorerHomePage Microsoft,
URL: http://mcrosoft.com w ndows/|e/.

[33] TheNamingandAddressingURIs, URLS,...)Resourcd?age,W3C Consortium,
URL: htt p: // wwv. W3. or g/ Addr essi ng/ .

[34] TheNU.M.E. ProjectHomePage,CINECA,
URL: htt p://ww. ci neca.it/visit/ NUWE .

[35] TheStandardseneralizedMarkupLanguaggSGML) Resourcd?age,W3C Consortium,
URL: htt p: // www. w3. or g/ Mar kUp/ SGWVL/ .

18



[36] TheSynchronizedMultimedialntegrationLanguagéSMIL) 1.0Specification\wW3C ConsortiumRec-
ommendation,

URL: http://ww. w3. org/ TR REC-smi | /.

[37] TheVirtual RealityMarkupLanguaggdVRML) Resourcé’age Web3DConsortium,
URL:http://www vrm .org/.

[38] TheWeb-basedistributed AuthoringandVersioning(WebDAV) Resourcéd’age,
URL: hht p: / / ww. webdav. or g/ .

[39] TheWorld Wide WebConsortium(W3C)HomePage,URL: ht t p: / / www. w3. or g/ .

[40] V.J.TsostrasA. Kumar “TemporalDatabas@ibliographyUpdate, ACM SIGMODRecod, Vol. 25,
N. 1,1996.

[41] F. Vitali, D.G. Durand,“Using Versioningto SupportCollaborationon the WWW,” World Wide Web
Journal Vol. 1, No. 1, Winter 1996.

[42] XML-Data, W3C ConsortiumNote,
URL: htt p: // ww. w3. or g/ TR/ 1998/ NOTE- XM_- dat a/ .

[43] XML-QL: A QueryLanguagdor XML, W3C ConsortiumNote,
URL: htt p: // www. W3. or g/ TR/ NOTE- xml -ql /.

[44] XML PathLanguage&XPath)Versionl.0, W3C ConsortiumWorking Draft,
URL: htt p: // ww. W3. or g/ TR/ xpat h.

[45] XSL Developers Guide,The Microsoft DeveloperNetwork,
URL: htt p://msdn. m crosoft. conm xm / xsl gui de/.

[46] XSL TransformationgXSLT) Version1.0, W3C ConsortiumWorking Draft,
URL: htt p: //ww. w3. org/ TR/ xsl t.

19



A.1 JavaScript Codeto Perform a Temporal Join

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

function copyNode( father, source, name ) {
f at her. appendChi | d( source. sel ect Si ngl eNode( name ). cl oneNode( true ) );
}

/] creates a new "<nane>val ue</ nane>" node
functi on newTNode( docobj, father, name, value ) {
f at her. appendChi | d( docobj . creat eEl enent( nane ) );
father.l ast Chil d. appendChil d( docobj.creat eText Node( value ) );

}

/] creates a new <validity> tinmestanp

functi on newwNode( docobj, father, interval ) {
f at her. appendChi | d( docobj.createEl ement( "validity" ) );
father.lastChild.setAttribute( "fronf, interval.from);
father.lastChild.setAttribute( "to", interval.to );

}

/]l tests for the overlap between two tenporal elenents
/1 and stores the resulting intersection (if any) in "saveint";
/1 "numnt" counts the nunber of intervals in the intersection
function overlap( vall, val2 ) {
num nt = O;
/1l nested | oops over validity intervals
for ( vl = vall.nextNode(); vl !'= null; vl = val 1. next Node() )
{ for ( v2 = val 2. nextNode(); v2 != null; v2 = val 2. next Node() )
{ froml = v1.sel ectSingl eNode("@ront).text;
tol = vl.sel ectSi ngl eNode("@o0").text;
from2 = v2.sel ect Si ngl eNode(" @ront).text;
to2 = v2.sel ect Si ngl eNode("@o0").text;
if (( froml <=1t02 ) & ( fron2 <=1to0l ) ) // overlap test

{ var interval = new Qbject(); // conmpute the intersection
interval .from= fronl > fron2 ? froml : fron® ;
interval.to =tol <to2 ? tol: to2;
savei nt[ num nt ++] = interval;

}

}
val 2. reset();

}

return ( numnt >0 );
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function do.Tjoin() {

var results = new ActiveXChject ("M crosoft. XM.DOM') ;

results.async = fal se;

resul ts.l oadXM.(’ <?xm version="1.0" ?>

<j oin xm ns: schema="Val i dSchema. xm " />");

var root = results. docunent El enent;
enpl . docunent El enent . sel ect Nodes("//enp/ enpl oyee/ valid");
dept . docunent El enent . sel ect Nodes("// dept/departnent/valid");

/1l nested | oops

var tup = 0;

for ( var e = enp.nextNode(); e != null; e = enp.next Node() )

{ for ( var d = dep.nextNode(); d != null; d = dep.nextNode() )

{ var en = e.sel ectSingl eNode("Nane");
var ed = e.sel ect Si ngl eNode(" Departnent");
var ve = e.sel ectNodes("validity");
var dn = d. sel ect Si ngl eNode(" Nane") ;
var vd = d.sel ect Nodes("validity");

/] test the join condition
if ( ( ed.text == dn.text ) && overlap( ve, vd ) )
{ root.appendChild( join.createEl ement("valid") );
newTNode( join, root.chil dNodes.iten{tup), "EnpNane", en.text );
newTNode( join, root.chil dNodes.item(tup), "DeptNanme", dn.text );
copyNode( root.childNodes.item(tup), e, "Salary" );
copyNode( root.chil dNodes.item(tup), d, "Budget" );
for ( i=0; i<numnt; i++)
newwNode( join, root.childNodes.iten(tup), saveint[i] );

tup++;
}
}
dep.reset();
}
return results;
}
/! load the data sources and execute the join
var enpl = new ActiveXQbject("Mcrosoft. XM.DOM'); enpl.async = fal se;
var dept = new ActiveXQbject("Mcrosoft. XM.DOM'); dept.async = fal se;

var join = new ActiveXQbject("Mcrosoft. XM.DOM'); join.async = fal se;
enp. | oad(" Enpl oyee. xm ") ; dep. | oad(" Departnent.xm");
join = do_Tjoin();
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