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ABSTRACT

A datawarehouseénfrastructureneedsto supportthe requirement
of (day time) ad hoc query responsdime and (night time) batch
workloadcompletiontime. Thefollowing tasksneedto be nished
in abatchwindow: (1) Apply oneday'sdeltadatato thebasetables;
(2) refreshMQTs (MaterializedQuery Tables)for ad hoc queries
and batchworkloads; (3) run batchqueries. Tools are available
to optimize each step however, mary factorsneedto be consid-
eredfor improving the overall performanceof a datawarehouse
(i.e. meetingbatchwindow deadlineand ad hoc queryresponse
time). We have prototypeda Data WarehouseOpemtion Advisor
to systematicallystudy eachcomponentontrikuting to the batch
window problem,andthenperformglobal optimizationto achieve
desiredresults!

1. INTRODUCTION

DataWarehouseandBusinessntelligence(BI) applicationsare
the top two priorities for CIO/CTOs (Celentreporton December
14, 2005). Mary large enterpriseave daily transactionalnfor-
mationstoredat the branchlevel computersystems.Theinforma-
tion is transmittecdto the headquarterdatawarehousaising ETL
(Extract, Transform,andLoad) tools in the early eveningfor con-
solidationandanalysis.Theinformationfrom variousbranchess
integratedinto a centralizedenterprisedatawarehouseand com-
plex Bl applicationsareexecutedin the late evening. A material-
izedview or MaterializedQueryTable(MQT) is anauxiliary table
with precomputedatathatcanbeusedto signi cantly improve the
performancef adatabasguery MQTsareessentialo Bl applica-
tion performance A MaterializedQuery Table Advisor (MQTA),
suchasDB2 DesignAdvisor[1, 2, 3], is oftenusedto recommend
andcreateMQTs for enterprisedatawarehous€EDW) operations.

The BI applicationsare run as a batchquery workload on the
EDW. In additionto the batchqueryworkloadin the evening,there
are ad hoc queriesissuedin the daytimeto nd informationthat
is not partof the batchqueryworkload. A typical operationof an
enterprisedatawarehousédasthe following steps:
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1. Thetransactionaihformationfrom branchess extractedtrans-
formed,andloadedinto a stagingareaof the EDW. After all
the transactionadata has beenprocessednto a form, the
transactionatlatacan be loadedinto the basetablesof the
EDW. Thedatain the stagingareacanbeviewedasthedelta
of thebasetables.

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

3. MQTs designedor the ad hoc queries(i.e. schema-dsien)
andtheirindexesarerefreshecandupdatedor thebasetable
delta

4. MQTsdesignedor thebatchqueryworkload(i.e. workload-
driven) and their indexes are refreshedand updatedfor the
basetabledelta. Notethatthe step3 andstep4 canbeinter
changed.

5. Batchqueryworkloadis executed.

Weillustratetheoperationalo w of anenterprisalatawarehouse
in Figurel. Notethatin this gure, thearrow from theboxof batch
MQT refreshto theboxof batchworkloadprocessndicateshatthe
MQTs areusedby the batchworkload. Similarly, the arrov from
thebox of adhocMQT refreshto thebox of adhocqueryprocess-
ing indicateghatthe MQTs areusedby theadhocqueriesbut the
costis addedto the batchwindow. For enterprisedatawarehouse
operationstherearetwo key requirementdor the systemperfor
mance.Thereare

Deadlineto completethe batch workload: Thebatchwork-
load mustbe completedwithin a window. For example,the
batchworkload may start from the midnight and must be
completecbefore8am,whenthebusinesgperformancenal-
ysisreportsneedto be madeavailablefor the management.
In orderto runthebatchworkload, it is requiredto propagate
the transactionatlatain the stagingareato the basetables,
andto refreshMQTs rst. In additionto thesetasksassoci-
atedwith the batchworkload,MQTs designedor theadhoc
queriesalsoneedto berefreshedn the evening. The dead-
line to completethe batchworkload could be de ned assix
hours windowor to startat lamandto completeby BAM.

QoSrequirementfor the averageresponsdime for ad hoc
gueries Sinceit is notfeasibleto predictthe patternsof the
adhocquerieghatmaybeissuedy users.CubeViews Opti-
mizationAdvisor[4] is designedo recommendQTstoim-
prove theperformancef theadhocqueries. TheMQTsrec-
ommendedy CubeViews Advisor is basedon schemand
it recommend$1QTsto bridge tablesto improve join oper
ations.With moredisk spaceallocated CubeViews Advisor
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Figure 1: Operational Flow of Data Warehouse

canrecommendmore MQTSs to cover a higher percentage
of join operationdfor the ad hoc queries(probability wise).
Usersof the enterprisedatawarehousdik e to have a QoS
requiremente ned asthe averageresponsdime for the ad
hocqueries.

2. CHALLENGES

Toimprovetheperformancef queryprocessingn thedataware-
houseoperationmary vendorshave MQTAs, including|IBM DB2[1,
3], RedBrick/Informix[5], Oracle10g[6], andSQL Sener[7].

The MQTA in IBM DB2 is calledthe DB2 DesignAdvisor. It
senesasthe MQTA in this paper This advisorwas rst created
to provide index recommendationslt was later enhancedo rec-
ommendMQTs aswell [2, 3]. The MQTs generatedy the advi-
sorincludesmulti-queryoptimization(MQO) techniquesn which
commonexpressiongarefoundby compilingmultiple queriesatthe
sametime [8]. Theadvisoralsoallows for awide rangeof MQTs
to beselectecandmaintainedin particular we supportfull refresh
MQTs (which areupdatedperiodicallyby the user)andimmediate
refreshMQTs (which areupdatedvhene&er the basetablesareup-
dated),andimposeno restrictionson the compleity of thequeries
thatde ne theseMQTs.

We now discussthe dependencamongstepsdescribedn Sec-
tion 1 anddiscussthe issuesand compleity in designingan en-
terprisedatawarehouse&o meetboth deadlineof the nightly batch
workloadcompletionwindow andthe QoSrequiremenfor adhoc
queries.

The dependenciebetweenthe operationdisted in the previous
sectioncanberepresenteth Figure2. Thex-axisis the available
diskspacdorthenumberof MQTSs). They-axisis theelapsedime.
Curwes1 to 4 arebasetabledeltaupdatetime, batchMQT refresh
time, ad hoc MQT refreshtime, andbatchqueryprocessingime.
Cunwe 5 is the sumof curve 1 to 4, which is the total time needed
to completethe batchoperationsLine 6 indicatestheupperbound
of the batchwindow.

The more MQTs for batchqueriesdeplo/ed, the betterperfor
mancethe batchquerieshave. But the MQT refreshtime goesup
with increasan the numberof MQTSs. Similarly, themoreindexes
deployed for the batchqueriesthe betterperformancef the batch
queriesput the costfor index maintenancés moredueto thedelta
propagation.Thereis alsoa trade-of betweerad hoc queriesand
batchoperations.To meetthe QoSrequiremenbf ad hocqueries,
we needto createMQTs for ad hoc queries.But theseMQTs are
refreshedn the batchwidow thus,malke it longerto completethe
batchoperations.

As shawn in Figure 2, the total time to completethe batchop-
erationswill drop whenthe MQT andindex maintenanceostis
lessthanthe bene t andincreasevhenthe MQT andindex main-
tenancecostsurpassethebene t. Thechallengds to recommend
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Figure 2: Dependencyof Data WarehouseOperation Steps

a setof MQTs andindexesto completethe batchoperationwithin
the batchwindow while alsomeetingthe QoSrequirementor ad
hocqueries.

This kind of solutionmay or may not exist for a given combi-
nation of the batchwindow andthe QoS requirementor ad hoc
queries.For example,if the QoSrequirements high which means
theexpectedaverageresponsdéime for adhocqueriess very short,
moreMQTsneedto becreatedor adhocqueries.Therefreshtime
for theseMQTsis addedo thetotaltime of thebatchoperationsIf
therefreshtime is long enough the optimal point of thetotal time
(curve 6) is higherthanthe batchwindow upperbound. In this
case thereis no solutionmeetingbothrequirementsDetermining
whetherthe solutionexists is very helpful for the datawarehouse
usersasthis indicatesbettersoftware and/orhardware con gura-
tion. To the bestof our knowledge,thereis no singletool solving
theproblemabore.

3. SYSTEM ARCHITECTURE

To overcomethesechallengesbore, we designeda Data Ware-
houseOpemtion Advisoron top of DB2 DesignAdvisorandCube
Views Advisor. The systemarchitectureof the Data Warehouse
Opemtion Advisoris shavn in Figure3. Data WarehouseOpera-
tion Advisorincludesa capability planner a costsimulator anda
calibrator Thework o w of Data WarehouseOpelation Advisoris
asfollows.

Thecapabilityplannerecevestheinputparameterandsends
theQoSrequiremenandthebatchwindow upperbound(both
arein elapsedime) to thecalibrator

For the datawarehouseperationghat the capability plan-
ner has historic 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 capability planneruseshistoric data
basedon realrunsandappliestime decayfactors.For other
operationghat the calibratorhasnever seen the capability
plannercommunicatesvith the calibratorto calculatetheir
expectedexecutiontimes (in elapsedtime) by multiplying
costrequiremen(in resourcdime unit) usedby queryopti-
mizer by an operationspeci ¢ calibrationfactor More de-
tails aredescribedn [9].

The capabilityplannercallsthe CubeViews Advisorto gen-
erateMQT candidatesvhich arethensentto thecostsimula-
tor for estimationof the costandbene t. This costinforma-
tionis returnedo thecapabilityplanner Thecapabilityplan-
nerrecommendshe smallesnumberof MQTs thatmeetthe
QoSrequiremenbasedn the ROI of the MQT candidates.

The capability plannerinvokes the DB2 DesignAdvisor to
generatehe MQT andindex candidategor the batchwork-
loadtogethemwith the costinformation.

Basedon the costinformationfrom DesignAdvisor andthe
recommendationf MQTs for adhoc queriesthe capability
planneris ableto determinevhethera solutionexistsfor the
givenrequirementslf it exists, the capabilityplannercalcu-
latesthe bestsolutionandoutputstherecommendation.

4. DATA WAREHOUSE OPERATION AD-
VISOR

We implementedh prototypesystemof DataWarehouseopera-
tion Advisor. Figure4 is asamplescreershotof thedemonstration
system.t takesasetof inputparameters;onductsost-basednal-
ysisandvisualizesthe capabilityplanningresultsonthescreen.

The input parametershavn in the upperareaof the screenare
describedasfollows.

1. Setthebaseabledelta(percentagehangen data).lashavs
the deltain currentcon guration and1bis the deltain new
con guration.

2. Settheloadfactor(percentagehangein workload). 2aand

2b shav the load factor in currentcon guration ( x es at
100%)andin new con gurationrespectiely.

3. Setthe batchoperationcompletiontime (in hours). See3a
and3h

4. Setthead-hooqueryaverageresponséime (in minutes).See
4aand4hb.

5. Choosewhich kind of queriesto give priority. The chosen
kind of querieswill useuptheremainingtimewindow (when
requirementaremet), or usemostof thetime window ary-
ways (whenrequirementsre not met). A usercanchoose
whetherto give priority to ad-hocquery averageresponse
time or to batchworkloadcompletiontime.

After settingthe input parametersa usercanclick the Analyze
button to invoke the capability planning. The OperationAdvisor
will performthe cost-basednalysisonthe MQT andindex candi-
datesto determinewhetherthe requirementsanbe met, andrec-
ommendthe setof MQTs andindexesfor deploymentfor optimal
datawarehouseperformance.The following resultsaredisplayed
in thelower areaof thescreen.

Batch operationcompletiontime. 7a shaws the compari-
sonof the currentcon guration with (i) the new con gura-
tion with provisioning,and(ii) thenewx con gurationwithout
provisioning. 7b, 7c, and 7d demonstratehe breakdevn of
batchoperationcompletionTime for currentcon guration,
new con guration without provisioning,andnew con gura-
tion with provisioning.

Ad hocqueryaverageresponsegime. The gure labeled8is
the comparisorof the currentcon guration with (i)the new
con guration with provisioning, and(ii) the new con gura-
tion without provisioning

Summarystatistics. The arealabeled9 shavs the summary
statisticsfor queriesMQTs, indexes,androutingrates.

If theresultsshav thatthe performanceequirementsannotbe
met, a usercan changethe input parametersnd repeatthe cost-
basedanalysisuntil the resultsmeetthe requirements.Thenthe
usercanclick onthe OK buttonto move to thenext stepanddeploy
theMQTs andindexes.

In DataWarehouséperationAdvisor, we allow the userto do
capabilityplanning. The user(DBA or DW operator)canconduct
what-if analysis.In theillustratedscenariothe batchwindow is 6
hoursandthe QoSrequiremenin termsof averageresponseime
for ad hoc queriesis 15 minutes. In this windov dump,we shav
the userwho ervisionsthe transactionvolumewill increaserom
1%to 3% andsystemloadwill increaset0%duringthe lastweek
of aquarter The DW operatorikesto plan aheadand male sure
the DW canhandletheincreaseof theworkloads.

We can seewithout provisioning, the DW cannotcompleteits
taskwithin the requiredbatchwindow. In this window dump,the
advisoractually suggestedo drop someindexesto improve delta
loadingtime anddropsomeMQTs supportingad hoc queries.We
do expectthe responseime to increaseor the ad hocqueries(ad-
visor calculateshov mary MQTs should be droppedwhile still
meetingQoSrequirement).

5. CONCLUDING REMARKS

DataWarehouseandBusinesdntelligence(Bl) applicationsare
the top two priorities for CIO/CTOs. We have prototypeda Data
Warehous®peratiorAdvisorto assisenterprisdT staf in con g-
uring MQTs andindexesfor both ad hoc queriesandbatchwork-
loads. Our systemis ableto consideratchwindow deadlineand
QoSrequirementor adhocqueryresponséimeinto consideration.
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Figure 4: Window Dump of Data WarehouseOperator

Furthermore,our Data WarehouseéOperationAdvisor allows the
datawarehousdT staf perform capability planningfor foreseen
or potentialpeakworkloads.In this demonstratiomescriptionwe
highlight the key featuresof the Warehous@perationAdvisor. It
shavs arealandusefultool for datawarehouseperationsandhigh
performanceBl applications.
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