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ABSTRACT

Thisarticledevelopsastochasticupdatepropagationmethodforanoperationaldatastore(ODS)in
datawarehousing(DW)environmentswheredatastorage(andretrieval)isrequiredasasumofdata
atdistributedsourcenodes.Theauthors’proposedmethodresultsinlessnetworktraffic(ascompared
withthereal-timemethod)duetoupdatepropagationrequiredbecauseofchangesinsourcedata.
Moreimportantly,themethodallowssystemuserstoplacelimitsonthediscrepancybetweenthe
sourcedataandtheODSdatathatcouldresultduetoatimelagbetweensourcedatachangesandthe
updateoperation.Finally,thepre-specifiedlimitsonthediscrepancyaremaintainedwhileaccounting
fortwocrucialfactorsindistributedsystems:1)somenodesaresituatedonmorecongestednetwork
links,and2)someofthelinksonthenetworkarelessreliable.Real-timedatapropagationdoesnot
accountforthesefrequentlyencounterednetworkingconcerns.
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INTRoDUCTIoN

Thedatawarehouse(DW)continuestoincreaseinimportanceasthecorefoundationofanyBusiness
Intelligence(BI)strategy.TheDWandBImarketreached$10.8billionin2011andcontinuestobea
toppriorityforCIOs(Demirkan&Delen,2013).Adatawarehouseisaspecialtypeofcentralizeddata
storagefacilityinadistributedorganizationalinformationsystemwhichconsolidatesandintegrates
datafrommanydifferentsourcesandpresentsitinanaggregateformattosupportdecisionmaking
activitiesofmiddleorhigher-levelmanagementpersonnel(Inmon&Hackathorn,1994).

AnOperationalDataStore(ODS)isacrucialcomponentofmanyDWarchitectures.Itactsas
animmediatestagingareatostoreintegrateddatafromdifferenttransactionsystemspriortoETL
(Extract,TransformandLoad)processingonthecentralizeddatawarehouse(Sujitparapitayaetal.,
2003).Datawarehousescanbemission-criticalenablersoforganizationalandinter-organizational
strategicinformationsystemssuchasCustomerRelationshipManagement(CRM)(Cunninghamet
al,2006).OtherexampleswhereadatawarehousecansupportthebusinessstrategyincludeBusiness
ProcessManagementandSupplyChainManagement(Ariyachandra&Watson,2010).Thedistributed
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natureofdatawarehousingarchitecturerequiresthatanychangeinthesourcedataatdistributed
locationsinthenetworkbepropagatedtothecentralDWviatheODSonaregularbasis(Yanget
al.,2011).Theamountoftrafficthatisaddedtothenetworkduetoupdatepropagationactivities
dependsuponthepropagationmethodused.Propagationcanbeaccomplishedeitherinrealtimeor
afteratimelagwhichtypicallyisthecasewithdatawarehousing(Dokaetal.,2011;Inmon,2000).

Thoughthecontributiontotheoverallnetworktrafficislikelytobelessinthedelayedbatch
mode,itsusefulnessisdiminishedbythefactthatitcanpotentiallyresultinatemporaryandunknown
amountofdiscrepancybetweenthewarehousedataandthedataatthesourcenodes.Thisdiscrepancy
maynot,however,beproblematicprovideditsamountremainswithinpre-specifiedandknownlimits.
Whilereal-timeprocessingiswhattheBIindustryismovingtowardsduetoincreasedrequirements
fororganizationalspeedandagility,theinfrastructurerequirementsforreal-timeinformationusing
datastreamsandin-memoryprocessingcanbeprohibitivelyexpensiveformanyorganizations.Hence,
itisbeneficialtolookforwaystooptimizethetraditionaldelayedmodeofdatadelivery.

MostDWresearchtendstofocusonoptimizingserverprocessingandstorageoncethedata
hasalreadyarrivedintheDW(Cundius&Alt,2013),butthereseemstobealackofresearchthat
accountsfornetworkreliabilityand/orlatencyinthecontextofODSandDW.Overallperformance
ofaDWsystemcanbeimpactedbyoverloadednodesonthenetworkthatconnectallthesourcesof
DWdata(Dokaetal.,2011).NetworkreliabilitycanbeimpactedbynaturaldisasterssuchastheGreat
EastJapanEarthquakeof2011.Networkreliabilitycanalsobecausedbyintentionalactionslikea
Denial-of-Serviceattackorunintentionaleventslikefaultyhardware,software,orconfigurationerrors.

NetworklatencyduetocongestionontheInternetcontinuestobeaproblem.AccordingtoCisco,
theamountofdatabeingtransferredovertheInternet(667exabytesin2013)isgrowingfasterthan
theabilityofthenetworkinfrastructuretocarrythatdata(Demirkan&Delen,2013).Whilenewer
networkingtechnologies(likehigh-speedMetroEthernet)canresolvemanyWANcongestionissues,
highbandwidthcircuitsarenotavailableeverywhere.Furthermore,thereareverylargedifferences
innetworkreliabilitylevelsindevelopingcountries(Chandraetal.,2012).Itcannotbeassumedthat
everyODSordatawarehousehasdatasourceswithhigh-speednetworkcapabilities.

Basedonthestochasticparadigmofcontrolledimprecision(Rachevetal.,2008),thispaper
attemptstodevelopanapproachtoupdatepropagationfordatawarehousingenvironmentswhere
ODS/DWdatastorage(andretrieval)isrequiredasasumofdataatindividualsourcenodes.Our
procedure results in lessnetwork traffic (ascomparedwith the real-timemethod)due toupdate
propagationrequiredbecauseofchangesinsourcedata.Moreimportantly,themethodallowssystem
userstocontrol,withinpre-establishedprobabilisticlimits,thediscrepancybetweenthesourcedata
andtheODS/DWdatathatcouldresultduetoatimelagbetweensourcedatachangesandtheupdate
operation.Finally,thepre-specifiedlimitsonthediscrepancyaremaintainedwhileaccountingfor
twocrucialfactorsindistributedsystems:thefactthatsomenodesaresituatedonmorecongested
networklinksandthatsomeofthelinksonthenetworkarelessreliablethanothers.

Intherestofthepaper,wepresentaliteraturereviewofrelevantDWresearch.Thenextsection
showstheDWarchitecturetowhichourproposedmethodisapplicable.Ourproposedmethodfor
updatepropagationisthenpresentedandillustratedthroughanexample.Ourmethodisbasedon
controlledimprecisionandtheupdatetriggerpointforeachsourcenodeinthenetworkiscentralto
ourmethod.Inthefollowingsection,theupdatetriggerpointsbasedontheresultsofthemathematical
derivations(describedintheAppendix),areusedtosimulateadistributedsystem.Thesimulation
resultsareusedtoverifywhetheroveralldiscrepancylevelsarewithinthepre-establishedlimits.
Thefinalsectionsprovidesomeconcludingremarks.

LITERATURE REVIEW

Theterm‘datawarehouse’wascoinedintheearly1990sas“…asubject-oriented,integrated,time-
variant,non-volatilecollectionofdatainsupportofmanagement’sdecisions…”(Inmon,1993).A
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