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ABSTRACT

Asaubiquitousformofdatainthenaturalworld,timehasbeenwidelyusedinmanydomainssuch
asthemilitary,finance,medicaltreatment,andenvironment.Temporaldatamodelsthatareusedto
modelthedynamicdevelopmentprocessofdataareconstantlyproposed,suchastemporaldatabase
andtemporalXML.Withtherapiddevelopmentandpopularizationoftheweb,therequirementof
dealingwithdiversedataefficientlyisbecomingmoreimportant.Asanewgenerationofdataexchange
language,JSON(JavaScriptObjectNotation)hasbeenwidelyusedbecauseitislightweight,hasfast
parsing,andhashightransmissionefficiency.Inthispaper,theauthorsproposeanoveltemporalJSON
datamodel.BasedontheproposedtemporalJSONdatamodel,theyfurtherproposetwotemporal
JSONquerylanguages,t-JSONPathandt-JSONiq,whicharethetemporalextensionstoJSONPathand
JSONiq,respectively.WiththeproposedtemporalJSONdatamodel,theydemonstrateourtemporal
JSONquerylanguageswithtypicaltemporalqueryexamplesandevaluatetheirqueryresponsetimes.
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INTRoDUCTIoN

As a new generation of data exchange language, JSON (JavaScript Object Notation) has the
advantages of being lightweight, having fast parsing speed, and high transmission efficiency
compared with XML (eXtensible Markup Language) (Lin et al., 2012). Nowadays, JSON has
been widely used in various application fields. A distributed evolutionary computing system,
forexample,isdesignedandimplementedin(Merelo-Guervóset al.,2008),whichisbasedon
theusabilityandefficiencyofasynchronousJavaScriptandJSONtoimprovetheutilizationof
computingresourcesindistributedsystems.Inaddition,theJSONnetworkinterfaceisbasedonits
concisegrammarformatandefficienttransmission,whichcansimplifymessagecommunication
betweenheterogeneoussystems(e.g.,ACT-RandEPIC1).WithBigData’sdevelopment,NoSQL
(notonlySQL)databaseshavebeenwidelystudiedandapplied.ThedocumentdatabasesinNoSQL
databases(e.g.,MongoDBandCouchDB),forexample,aredesignedandimplementedbasedon
JSON(Boicea,Radulescu,&Agapin,2012).Moreover,JSONadoptsalanguage-independenttext
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format,whichmakesiteasierforonestoreadandwriteandatthesametimeretainsthegrammatical
habitssimilartotheCprogramminglanguage.ThesecharacteristicshavemadeJSONanideal
dataexchangelanguage.

Timewidelyexistsinvariouspracticalapplications.Typically,datageneratedbyapplications
arecloselyassociatedwithtime:datamaybeavailableorcorrectatacertaintimepointoragiven
timeinterval(Dyresonet al.,1994).Inaddition,somehistoricaldataneedtoberecorded.Froma
philosophicalpointofview,timeisubiquitous.Forexample,forBunge,astateofanythingisalistof
itspropertiesataparticularmomentintime.Hence,everyapplicationwouldrequiretheconsideration
oftime,explicitlyorimplicitly.Therefore,itisessentialtomanagetemporaldata(Nascimento,Sellis,
&Cheng,2015;Claramunt,Schneider,&Wong,2017;Zheng,Li,&Shim,2018).Acoreissuein
temporaldatamanagement isestablishinga temporaldatamodel (Nascimento,Sellis,&Cheng,
2015).Sometemporaldatamodelshavebeenproposedforrepresentingthetemporalsemanticsof
data.Traditionally, temporal datamanagement ismainlybasedon temporal relational databases
(TanselandTin,1998;Tanselet al.,1993;Chomicki,1994;Cliffordet al.,1995;Clifford,Croker,
& Tuzhilin, 1996). With the emergence of new application paradigms and data models, several
temporaldatamodelsareproposedbeyondthetemporalrelationaldatabases.Inthecontextofthe
Web,forexample,temporalXMLmodelsaredeveloped(Wang,Zhou,&Zaniolo,2004;Rizzolo
andVaisman,2008;Snodgrassetal.,2008),andtemporalRDF(ResourceDescriptionFramework)
modelsareproposed(Gutiérrez,Hurtado,&Vaisman,2007;WangandTansel,2019).Furthermore,
todealwithBigDatawithtime(Cuzzocrea,2015),temporalNoSQLdatabasemodelsaredevised
(Hu&Dessloch,2015).

Nowadays,JSONhasbeenextensivelyappliedduetoitsadvantagesofbeinglightweight,having
fastparsingspeed,andhightransmissionefficiencycomparedwithXML.In(Brahmiaet al.,2016),to
managetemporaldatainNoSQLdatabases,aframeworkcalledTemporalJSONSchema(τJSchema)
isproposed,whichisinspiredbytheτXSchemaframeworkdefinedforXMLdata(Snodgrasset 
al.,2008).NotethatthetemporalJSONmodelandtemporalquerylanguagearenotinvestigatedin
(Brahmiaet al.,2016).

Inthispaper,weconcentrateonmodelingtemporaldatawithJSONandinvestigatetemporal
JSONquerylanguagesforthetemporalJSONmodel.First,weproposeatemporalJSONdatamodel
byextendingthetraditionalJSONdatamodel.BasedontheproposedtemporalJSONmodel,we
furtherproposetwotemporalJSONquerylanguagest-JSONPathandt-JSONiq.Thereareanumber
ofworksintemporaldatabasesandXML,buttothebestofourknowledge,thisisthefirsteffortto
proposeatemporalJSONdatamodelanditsquerylanguages.Themaincontributionsofthispaper
aresummarizedasfollows:

(1) WeproposeaformaltemporalJSONdatamodeltorecordthepast,current,andevenfuturestate
ofJSONdata.

(2) Basedon theproposed temporalJSONdatamodel,weextend twomainstreamJSONquery
languages called JSONPath and JSONiq and then obtain temporal JSON query languages
t-JSONPathandt-JSONiqbyextendingtemporaloperations.

(3) We evaluate the proposed temporal JSON query languages t-JSONPath and t-JSONiq with
experiments,whichapplydifferenttypesoftemporalqueries.

Theremainderofthispaperisorganizedasfollows.Thenextsectionpresentsabriefoverviewof
relatedworkintemporaldatabasesandtemporalXML.ThethirdsectionproposesourtemporalJSON
datamodelandtheexpressionformofthetemporalJSONdocument.Thefourthsectionproposes
thetemporalquerylanguagest-JSONPathandt-JSONiq.Thefifthsectionpresentstheexperimental
evaluationsofourtemporalquerylanguages.Thefinalsectionconcludesthispaper.
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