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ABSTRACT

Thisarticledescribeshowrapidlygrowingdatavolumesrequiresystemsthathave theability to
handlemassiveheterogeneousunstructureddatasets.However,mostexistingmature transaction
processingsystemsarebuiltuponrelationaldatabaseswithstructureddata.Inthisarticle,theauthors
designahybriddevelopmentframework,tooffergreaterscalabilityandflexibilityofdataanalysis
andreporting,whilekeepingmaximumcompatibilityandlinkstothelegacyplatformsonwhich
transactionbusinesslogicsrun.Data,serviceanduserinterfacesareimplementedasatoolsetstack,
fordevelopingapplicationswithfunctionalitiesofinformationretrieval,dataprocessing,analyzingand
visualizing.Ausecaseofhealthcaredataintegrationispresentedasanexample,whereinformation
iscollectedandaggregatedfromdiversesources.Theworkflowandsimulationofdataprocessing
andvisualizationarealsodiscussed,tovalidatetheeffectivenessoftheproposedframework.
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INTRoDUCTIoN

Theamountofstructuredandunstructuredtransactiondatahasgrowndramaticallyoverthepastfew
years,inthefieldsofe-commerce,smartcity(Chenetal.,2016),digitalhome,mobile/wearabledevices
andetc.Duetothelargenumberofserviceresources,differentcomputingcapabilities,diversified
dataformatsandprocessingalgorithms,dataextraction,transformationandloading(ETL),aswell
asreporting,analysisandvisualizationhavebecomeextremelysophisticated.

Nowadays,moreandmore traditional systemsandapplicationsaremigrated tocloud-based
servicesofferedbyavarietyofproviders.Generally,atraditionaldatapreparationandanalyzing
process includes extracting data from heterogeneous transaction systems, cleaning duplicated/
incompleteitems,transformingdatatypes,reorganizingandloadingtablesintodatawarehouses,and
analyzingitssubsetsbyusingbusinessintelligenttools.However,datavolumesincreaseinratesthat
hasnotbeenseenbefore,andthisresultsintherequirementstohandlebigdataanalysisworkloads
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andprocessingonascalableplatform,pursuingforhighscalability,highavailability,andhighfault-
tolerance(Chenetal.,2016).

Asapopulardistributedcomputingframework,ApacheHadoop(Greeshma&Pradeepini,2016)
providesasoftwarelibraryforreliable,andscalablecomputingsolutiontostore,accessandprocess
vastamountsofdatain-parallelonlargeclusters.BasedonHDFS(Karun&Chitharanjan,2013)and
MapReduce(M/R)modules(Palanisamyetal.,2015),Hive(Yinetal.,2014)enablesdatawarehousing
tasksonthosedistributeddatastoragesystems,whichconvertsSQLstatementstoM/Rjobs.All
theseabovecomponentsforma“stack”ofopen-sourcemodulestosupportanalyticalworkloads.

However,theaforementionedHadoopecosystemisnotdesignedforonlinetransactionprocessing
(OLTP)workloads,asHivedoesnotprovideinsert/updateoperationsatrowlevel.Mostexistingmature
transactionprocessingsystems(TPS)andprogrammingframeworks/modules(Dingetal.,2017)only
supportrelationaldatabases(RDB),andsofar,fewarecompatiblewithHadoop/Hiveastheirback-
enddataproviders.Itiscomplexandverbosetointegrateandmigrateinteractiveoperations,services
anddatafromlegacysystems.Ontheotherhand,leveragingunstructuredanddynamicschemas,
NoSQLdatabases takeadvantages foroperationalstorageofheterogenousandhigh-dimensional
BigData,toimplementdataanalysisandknowledgediscovery.Therefore,acompletesetoftool-kit
fordata integration,analysisandvisualization is required, tosimplifycomplexdatapreparation,
transformationandanalyticstasks,withconfigurableandvisibleinterfaces.

In this article, a hybrid framework is proposed, to bridge the gap between traditional TPS
(applicationsandstructureddata)andbigdataanalysissystems(distributedalgorithmsfor large
volumeofunstructureddata).Thereareseveraladvantagesthatcouldbeofinteresttobothendusers
andapplicationdevelopers:1)theproposedframeworksupportsoperationsfromvarioussources
(e.g. tables/files)where theoriginaldescriptive information iskept;2) itadapts tomassivedata
storagebasedonHDFSandiscapableofprocessingalargenumberofrecordsinaparallelmanner
byrunningmultipledataprocessingandanalysistasksinabatchofM/Rjobs;3)itprovidesaflexible
service-basedaccessmechanismforbothrelationalanddocument-baseddatamodel, tosimplify
programmingandimproveperformance;4)itintegrateswithexistingbusinessmodulesandRDB
technologiesthathavealreadybeendeployed.

Therestofthepaperisorganizedasfollows:Section2brieflyintroducesthestate-of-the-artof
inter-operationtechniquesbetweenRDBandNoSQLdatabases,aswellastheirapplicationsinthe
fieldofhealthcaremanagement.Section3givesanoverviewofthearchitectureoftheframework
anddetails thekeymoduleswithinit.Section4presentsanexampleusecaseofhealthcaredata
integrationfromdifferentproviders,showingtheprocessofaggregating,synchronizingandvisualizing
massivedatafromdifferentsources.Section5describesthesimulationenvironment,anddiscussesthe
experimentresults.Finally,Section6concludesthepaperanddiscussesfurtherresearchdirections.

ReLATeD woRK

Recently, the combination of transaction and analytical processing has been studied, as service
computingmodelsandNoSQLdatabasetechnologiesmadeitpossibletoruntransactionsandanalytics
withinaunifiedsolution(Alami&Bahaj,2017).AschemaconversionmodelfortransformingSQL
databasetoNoSQLwasproposedin(Zhaoetal.,2014).Authorsin(Lawrence,2014)presenteda
genericarchitecturethatallowsseamlessintegrationofMongoDBandanysoftwaresupportingJDBC.
In(Xiu-Jun&University,2014),authorsdiscussedahybridstoragestrategywithMongoDBand
MySQL,toprovidedatacloudstorageservicesandqueryoperationsofe-governmentdata,saving
thestoragespaceandenhancingthescalabilityofbackenddatabase.Andinamorerecentresearch
(Gyorödietal.,2016),theauthorspresentedacomparativestudybetweentheusagecapabilitiesof
MongoDBandMySQL,asaback-endforanonlineplatform.(Lomotey&Deters,2015)proposed
adataanalytics framework thatenables information retrievaland filtering fromdocument-based
NoSQL.(Liaoetal.,2016)presentedmechanismsfordataquery,transformationandsynchronization
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