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ABSTRACT
A datawarehouseinfrastructureneedsto supportthe requirement
of (day time) ad hoc queryresponsetime and(night time) batch
workloadcompletiontime. Thefollowing tasksneedto be�nished
in abatchwindow: (1) Apply oneday'sdeltadatato thebasetables;
(2) refreshMQTs (MaterializedQueryTables)for ad hoc queries
and batchworkloads; (3) run batchqueries. Tools are available
to optimizeeach step; however, many factorsneedto be consid-
eredfor improving the overall performanceof a datawarehouse
(i.e. meetingbatchwindow deadlineandad hoc query response
time). We have prototypeda Data WarehouseOperation Advisor
to systematicallystudyeachcomponentcontributing to the batch
window problem,andthenperformglobaloptimizationto achieve
desiredresults!

1. INTRODUCTION
DataWarehousesandBusinessIntelligence(BI) applicationsare

the top two priorities for CIO/CTOs (Celentreporton December
14, 2005). Many large enterpriseshave daily transactionalinfor-
mationstoredat thebranchlevel computersystems.Theinforma-
tion is transmittedto the headquarterdatawarehouseusingETL
(Extract,Transform,andLoad) tools in theearlyeveningfor con-
solidationandanalysis.The informationfrom variousbranchesis
integratedinto a centralizedenterprisedatawarehouseandcom-
plex BI applicationsareexecutedin the lateevening. A material-
izedview or MaterializedQueryTable(MQT) is anauxiliary table
with precomputeddatathatcanbeusedto signi�cantly improvethe
performanceof adatabasequery. MQTsareessentialto BI applica-
tion performance.A MaterializedQueryTableAdvisor (MQTA),
suchasDB2 DesignAdvisor [1, 2, 3], is oftenusedto recommend
andcreateMQTsfor enterprisedatawarehouse(EDW) operations.

The BI applicationsare run as a batchquery workload on the
EDW. In additionto thebatchqueryworkloadin theevening,there
aread hoc queriesissuedin the daytimeto �nd information that
is not partof thebatchqueryworkload. A typical operationof an
enterprisedatawarehousehasthefollowing steps:
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1. Thetransactionalinformationfrom branchesisextracted,trans-
formed,andloadedinto a stagingareaof theEDW. After all
the transactionaldatahasbeenprocessedinto a form, the
transactionaldatacanbe loadedinto the basetablesof the
EDW. Thedatain thestagingareacanbeviewedasthedelta
of thebasetables.

2. Thedeltaof thebasetablesin thestagingtablesis propagated
to thebasetables.Theindexesof thebasetablesareupdated
accordinglyaswell.

3. MQTs designedfor theadhoc queries(i.e. schema-driven)
andtheir indexesarerefreshedandupdatedfor thebasetable
delta

4. MQTsdesignedfor thebatchqueryworkload(i.e. workload-
driven) and their indexesarerefreshedandupdatedfor the
basetabledelta.Notethatthestep3 andstep4 canbeinter-
changed.

5. Batchqueryworkloadis executed.

Weillustratetheoperational�o w of anenterprisedatawarehouse
in Figure1. Notethatin this �gure, thearrow from theboxof batch
MQT refreshto theboxof batchworkloadprocessindicatesthatthe
MQTs areusedby thebatchworkload. Similarly, thearrow from
theboxof adhocMQT refreshto theboxof adhocqueryprocess-
ing indicatesthattheMQTsareusedby theadhocqueries,but the
costis addedto thebatchwindow. For enterprisedatawarehouse
operations,therearetwo key requirementsfor the systemperfor-
mance.Thereare

� Deadlineto completethebatchworkload: Thebatchwork-
loadmustbecompletedwithin a window. For example,the
batchworkload may start from the midnight and must be
completedbefore8am,whenthebusinessperformanceanal-
ysis reportsneedto bemadeavailablefor themanagement.
In orderto run thebatchworkload,it is requiredto propagate
the transactionaldatain the stagingareato the basetables,
andto refreshMQTs �rst. In additionto thesetasksassoci-
atedwith thebatchworkload,MQTsdesignedfor theadhoc
queriesalsoneedto be refreshedin theevening. Thedead-
line to completethebatchworkloadcouldbede�ned assix
hours windowor to start at 1amandto completeby8AM.

� QoSrequirementfor theaverageresponsetime for ad hoc
queries: Sinceit is not feasibleto predictthepatternsof the
adhocqueriesthatmaybeissuedby users.CubeViewsOpti-
mizationAdvisor[4] is designedto recommendMQTsto im-
prove theperformanceof theadhocqueries.TheMQTsrec-
ommendedby CubeViews Advisor is basedon schemaand
it recommendsMQTs to bridge tablesto improve join oper-
ations.With morediskspaceallocated,CubeViewsAdvisor
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Figure1: Operational Flow of Data Warehouse

can recommendmore MQTs to cover a higher percentage
of join operationsfor the ad hoc queries(probability wise).
Usersof the enterprisedatawarehouselike to have a QoS
requirementde�ned astheaverageresponsetime for thead
hocqueries.

2. CHALLENGES
To improvetheperformanceof queryprocessingin thedataware-

houseoperation,many vendorshaveMQTAs, includingIBM DB2[1,
3], RedBrick/Informix[5], Oracle10g[6], andSQLServer [7].

The MQTA in IBM DB2 is calledthe DB2 DesignAdvisor. It
servesasthe MQTA in this paper. This advisorwas �rst created
to provide index recommendations.It was later enhancedto rec-
ommendMQTs aswell [2, 3]. TheMQTs generatedby theadvi-
sor includesmulti-queryoptimization(MQO) techniquesin which
commonexpressionsarefoundbycompilingmultiplequeriesatthe
sametime [8]. Theadvisoralsoallows for a wide rangeof MQTs
to beselectedandmaintained.In particular, wesupportfull refresh
MQTs (whichareupdatedperiodicallyby theuser)andimmediate
refreshMQTs(whichareupdatedwhenever thebasetablesareup-
dated),andimposeno restrictionson thecomplexity of thequeries
thatde�ne theseMQTs.

We now discussthedependency amongstepsdescribedin Sec-
tion 1 anddiscussthe issuesandcomplexity in designingan en-
terprisedatawarehouseto meetbothdeadlineof thenightly batch
workloadcompletionwindow andtheQoSrequirementfor adhoc
queries.

Thedependenciesbetweentheoperationslisted in theprevious
sectioncanberepresentedin Figure2. Thex-axis is theavailable
diskspace(or thenumberof MQTs). They-axisis theelapsedtime.
Curves1 to 4 arebasetabledeltaupdatetime,batchMQT refresh
time, adhoc MQT refreshtime, andbatchqueryprocessingtime.
Curve 5 is thesumof curve 1 to 4, which is the total time needed
to completethebatchoperations.Line 6 indicatestheupperbound
of thebatchwindow.

The moreMQTs for batchqueriesdeployed, the betterperfor-
mancethebatchquerieshave. But theMQT refreshtime goesup
with increasein thenumberof MQTs. Similarly, themoreindexes
deployedfor thebatchqueries,thebetterperformanceof thebatch
queries,but thecostfor index maintenanceis moredueto thedelta
propagation.Thereis alsoa trade-off betweenadhocqueriesand
batchoperations.To meettheQoSrequirementof adhocqueries,
we needto createMQTs for ad hocqueries.But theseMQTs are
refreshedin thebatchwidow thus,make it longerto completethe
batchoperations.

As shown in Figure2, the total time to completethe batchop-
erationswill drop whenthe MQT and index maintenancecost is
lessthanthebene�t andincreasewhentheMQT andindex main-
tenancecostsurpassesthebene�t. Thechallengeis to recommend

Figure2: Dependencyof Data WarehouseOperation Steps

a setof MQTs andindexesto completethebatchoperationwithin
thebatchwindow while alsomeetingtheQoSrequirementfor ad
hocqueries.

This kind of solutionmay or may not exist for a given combi-
nationof the batchwindow and the QoSrequirementfor ad hoc
queries.For example,if theQoSrequirementis high which means
theexpectedaverageresponsetimefor adhocqueriesis veryshort,
moreMQTsneedto becreatedfor adhocqueries.Therefreshtime
for theseMQTsis addedto thetotal timeof thebatchoperations.If
therefreshtime is long enough,theoptimalpoint of thetotal time
(curve 6) is higher than the batchwindow upperbound. In this
case,thereis no solutionmeetingbothrequirements.Determining
whetherthe solutionexists is very helpful for the datawarehouse
usersasthis indicatesbettersoftwareand/orhardwarecon�gura-
tion. To thebestof our knowledge,thereis no singletool solving
theproblemabove.

3. SYSTEM ARCHITECTURE
To overcomethesechallengesabove,we designeda Data Ware-

houseOperation Advisoron topof DB2 DesignAdvisorandCube
Views Advisor. The systemarchitectureof the Data Warehouse
Operation Advisoris shown in Figure3. Data WarehouseOpera-
tion Advisorincludesa capabilityplanner, a costsimulator, anda
calibrator. Thework�o w of Data WarehouseOperation Advisoris
asfollows.

� Thecapabilityplannerreceivestheinputparametersandsends
theQoSrequirementandthebatchwindow upperbound(both
arein elapsedtime) to thecalibrator.

� For the datawarehouseoperationsthat the capabilityplan-
ner hashistoric data(including query executiontime with
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Figure 3: SystemAr chitecture of Data WarehouseOperation
Advisor

andwithoutMQTs,MQT refreshtime,MQT size,basetable
refreshtime, etc), the capabilityplanneruseshistoric data
basedon real runsandappliestime decayfactors.For other
operationsthat the calibratorhasnever seen,the capability
plannercommunicateswith the calibratorto calculatetheir
expectedexecutiontimes (in elapsedtime) by multiplying
costrequirement(in resourcetime unit) usedby queryopti-
mizer by an operationspeci�c calibrationfactor. More de-
tailsaredescribedin [9].

� ThecapabilityplannercallstheCubeViews Advisor to gen-
erateMQT candidateswhicharethensentto thecostsimula-
tor for estimationof thecostandbene�t. This costinforma-
tion is returnedto thecapabilityplanner. Thecapabilityplan-
nerrecommendsthesmallestnumberof MQTsthatmeetthe
QoSrequirementbasedon theROI of theMQT candidates.

� The capabilityplannerinvokes the DB2 DesignAdvisor to
generatetheMQT andindex candidatesfor thebatchwork-
loadtogetherwith thecostinformation.

� Basedon thecostinformationfrom DesignAdvisor andthe
recommendationof MQTs for adhocqueries,thecapability
planneris ableto determinewhethera solutionexistsfor the
givenrequirements.If it exists,thecapabilityplannercalcu-
latesthebestsolutionandoutputstherecommendation.

4. DATA WAREHOUSE OPERATION AD­
VISOR

We implementeda prototypesystemof DataWarehouseropera-
tion Advisor. Figure4 is asamplescreenshotof thedemonstration
system.It takesasetof inputparameters,conductscost-basedanal-
ysisandvisualizesthecapabilityplanningresultson thescreen.

The input parametersshown in theupperareaof thescreenare
describedasfollows.

1. Setthebasetabledelta(percentagechangein data).1ashows
thedeltain currentcon�guration and1b is thedeltain new
con�guration.

2. Settheloadfactor(percentagechangein workload). 2aand
2b show the load factor in current con�guration (�x es at
100%)andin new con�gurationrespectively.

3. Set the batchoperationcompletiontime (in hours). See3a
and3b.

4. Setthead-hocqueryaverageresponsetime(in minutes).See
4aand4b.

5. Choosewhich kind of queriesto give priority. The chosen
kind of querieswill useuptheremainingtimewindow (when
requirementsaremet),or usemostof thetime window any-
ways(whenrequirementsarenot met). A usercanchoose
whetherto give priority to ad-hocquery averageresponse
timeor to batchworkloadcompletiontime.

After settingthe input parameters,a usercanclick theAnalyze
button to invoke the capabilityplanning. The OperationAdvisor
will performthecost-basedanalysison theMQT andindex candi-
datesto determinewhetherthe requirementscanbe met,andrec-
ommendthesetof MQTs andindexesfor deploymentfor optimal
datawarehouseperformance.The following resultsaredisplayed
in thelower areaof thescreen.

� Batch operationcompletiontime. 7a shows the compari-
sonof the currentcon�guration with (i) the new con�gura-
tion with provisioning,and(ii) thenew con�gurationwithout
provisioning. 7b, 7c, and7d demonstratethebreakdown of
batchoperationcompletionTime for currentcon�guration,
new con�gurationwithout provisioning,andnew con�gura-
tion with provisioning.

� Ad hocqueryaverageresponsetime. The�gure labeled8 is
thecomparisonof the currentcon�guration with (i)the new
con�guration with provisioning,and(ii) thenew con�gura-
tion withoutprovisioning

� Summarystatistics.Thearealabeled9 shows thesummary
statisticsfor queries,MQTs, indexes,androutingrates.

If theresultsshow thattheperformancerequirementscannotbe
met, a usercanchangethe input parametersandrepeatthe cost-
basedanalysisuntil the resultsmeetthe requirements.Then the
usercanclick ontheOK buttonto moveto thenext stepanddeploy
theMQTs andindexes.

In DataWarehouseOperationAdvisor, we allow theuserto do
capabilityplanning.Theuser(DBA or DW operator)canconduct
what-if analysis.In theillustratedscenario,thebatchwindow is 6
hoursandtheQoSrequirementin termsof averageresponsetime
for ad hoc queriesis 15 minutes. In this window dump,we show
the userwho envisionsthe transactionvolumewill increasefrom
1% to 3% andsystemloadwill increase40%duringthelastweek
of a quarter. TheDW operatorlikesto plan aheadandmake sure
theDW canhandletheincreaseof theworkloads.

We canseewithout provisioning, the DW cannotcompleteits
taskwithin the requiredbatchwindow. In this window dump,the
advisoractuallysuggestedto drop someindexesto improve delta
loadingtime anddropsomeMQTs supportingadhocqueries.We
do expecttheresponsetime to increasefor theadhocqueries(ad-
visor calculateshow many MQTs shouldbe droppedwhile still
meetingQoSrequirement).

5. CONCLUDING REMARKS
DataWarehousesandBusinessIntelligence(BI) applicationsare

the top two priorities for CIO/CTOs. We have prototypeda Data
WarehouseOperationAdvisorto assistenterpriseIT staff in con�g-
uring MQTs andindexesfor bothadhocqueriesandbatchwork-
loads. Our systemis ableto considerbatchwindow deadlineand
QoSrequirementfor adhocqueryresponsetimeintoconsideration.
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Figure4: Window Dump of Data WarehouseOperator

Furthermore,our Data WarehouseOperationAdvisor allows the
datawarehouseIT staff performcapabilityplanningfor foreseen
or potentialpeakworkloads.In this demonstrationdescription,we
highlight thekey featuresof theWarehouseOperationAdvisor. It
showsarealandusefultool for datawarehouseoperationsandhigh
performanceBI applications.
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