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Introduction 

Thankyouforpurchasingthisbook.Weworkedhardonitforalongtime.Ourhopeisthatyoufindit
usefulasyoubegintoworkwithExadata.We’vetriedtointroducethetopicsinamethodicalmanner
andmovefromgeneralizationstospecifictechnicaldetails.Whilesomeofthematerialpaintsavery
broadpictureofhowExadataworks,someisverytechnicalinnature,andyoumayfindthathaving
accesstoanExadatasystemwhereyoucantrysomeofthetechniquespresentedwillmakeiteasierto
understand.Notethatwe’veusedmanyundocumentedparametersandfeaturestodemonstratehow
variouspiecesofthesoftwarework.Donottakethisasarecommendedapproachformanaginga
productionsystem.Rememberthatwehavehadaccesstoasystemthatwecouldtearapartwithlittle
worryabouttheconsequencesthatresultedfromouractions.Thisgaveusahugeadvantageinour
investigationsintohowExadataworks.Inadditiontothisprivilegedaccess,wewereprovidedagreat
dealofsupportfrompeoplebothinsideandoutsideofOracleforwhichweareextremelygrateful.

The Intended Audience 
ThisbookisintendedforexperiencedOraclepeople.WedonotattempttoexplainhowOracleworks
exceptasitrelatestotheExadataplatform.Thismeansthatwehavemadesomeassumptionsaboutthe
reader’sknowledge.WedonotassumethatyouareanexpertatperformancetuningonOracle,butwe
doexpectthatyouareproficientwithSQLandhaveagoodunderstandingofbasicOraclearchitecture.

How We Came to Write This Book 
Inthespringof2010,EnkitecboughtanExadataV2QuarterRack.Weputitinthetinycomputerroomat
ourofficeinDallas.Wedon’thavearaisedfloororanythingveryfancy,buttheroomdoeshaveitsown
airconditioningsystem.ItwasactuallymoredifficultthanyoumightthinktogetOracletoletus
purchaseone.Theyhadmanycustomersthatwantedthem,andtheywereunderstandablyprotectiveof
theirnewbaby.Wedidn’thaveatop-notchdatacentertoputitin,andeventhepowerrequirements
hadtobedealtwithbeforetheywoulddeliveronetous.Atanyrate,shortlyafterwetookdelivery,
throughaseriesofconversationswithJonathanGennick,RandyandIagreedtowritethisbookfor
Apress.Therewasnotawholelotofdocumentationavailableatthattime,andsowefoundourselves
pesteringanyonewecouldfindwhoknewanythingaboutit.KevinClossonandDanNorriswereboth
graciousenoughtoanswermanyofourquestionsattheHotsosSymposiuminthespringof2010.Kevin
contactedmesometimelaterandofferedtobetheofficialtechnicalreviewer.SoRandyandIstruggled
throughthesummerandearlyfallattemptingtolearneverythingcould.

IranintoTanelatOracleOpenWorldinSeptember,2010,andwetalkedaboutaclientusing
Exadatathathehaddonesomemigrationworkfor.Onethingledtoanother,andeventuallyheagreed
tojointheteamasaco-author.AtOpenWorld,OracleannouncedtheavailabilityofthenewX2models,
sowehadbarelygottenstartedandwewerealreadybehindonthetechnology.
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InJanuaryof2011,theX2platformwasbeginningtoshowupatcustomersites.Enkitecagain
decidedtoinvestinthetechnology,andwebecametheproudparentsofanX2-2quarterrack.Actually,
wedecidedtoupgradeourexistingV2quarterracktoahalfrackwithX2components.Thisseemedlikea
goodwaytolearnaboutdoingupgradesandtoseeiftherewouldbeanyproblemsmixingcomponents
fromthetwoversions(thereweren’t).Thisbringsmetoanimportantpoint.

A Moving Target 
Likemostnewsoftware,Exadatahasevolvedrapidlysinceitsintroductioninlate2009.Thechanges
haveincludedsignificantnewfunctionality.Infact,oneofthemostdifficultpartsofthisprojecthas
beenkeepingupwiththechanges.Severalchaptersunderwentmultiplerevisionsbecauseofchangesin
behaviorintroducedwhilewewerewritingthematerial.Thelastversionwehaveattemptedtocoverin
thisbookisdatabaseversion11.2.0.2withbundlepatch6andcellsrvversion11.2.2.3.2.Notethatthere
havebeenmanypatchesoverthelasttwoyearsandthattherearemanypossiblecombinationsof
databaseversion,patchlevel,andcellsrvversions.Soifyouareobservingsomedifferentbehaviorthan
wehavedocumented,thisisapotentialcause.Nevertheless,wewelcomeyourfeedbackandwillbe
happytoaddressanyinconsistenciesthatyoufind.Infact,thisbookhasbeenavailableaspartof
Apress’sAlphaprogram,whichallowsreaderstodownloadearlydraftsofthematerial.Participantsin
thisprogramhaveprovidedquiteabitoffeedbackduringthewritingandeditingprocess.Wearevery
thankfulforthatfeedbackandsomewhatsurprisedatthedetailedinformationmanyofyouprovided.

Thanks to the Unofficial Editors 
Wehavehadagreatdealofsupportfromanumberofpeopleonthisproject.Havingourofficial
technicalrevieweractuallywritingbitsthatweredestinedtoendupinthebookwasalittleweird.In
suchacase,whoreviewsthereviewer’swriting?Fortunately,ArupNandavolunteeredearlyinthe
projecttobeanunofficialeditor.Soinadditiontotheauthorsreviewingeachother’sstuff,andKevin
reviewingourchapters,Arupreadandcommentedoneverything,includingKevin’scomments.In
addition,manyoftheOakTableNetworkmembersgaveusfeedbackonvariouschaptersthroughout
theprocess.Mostnotably,FritsHooglandandPeterBachprovidedvaluableinput.

WhenthebookwasaddedtoApress’sAlphaProgram,wegainedawholenewsetofreviewers.
Severalpeoplegaveusfeedbackbasedontheearlyversionsofchaptersthatwerepublishedinthis
format.Thankstoallofyouwhoaskedusquestionsandhelpedusclarifyourthoughtsonspecific
issues.Inparticular,TylerMuthatOracletookaveryactiveinterestintheprojectandprovideduswith
verydetailedfeedback.Hewasalsoinstrumentalinhelpingtoconnectuswithotherresourcesinside
Oracle,suchasSueLee,whoprovidedaverydetailedreviewoftheResourceManagementchapter.

FinallyI’dliketothankthetechnicalteamatEnkitec.Thereweremanywhohelpeduskeepon
trackandhelpedpickuptheslackwhileRandyandIwereworkingonthisproject(insteadofdoingour
realjobs).Thelistofpeoplewhohelpedisprettylong,soIwon’tcalleveryonebyname.Ifyouworkat
EnkitecandyouhavebeeninvolvedwiththeExadataworkoverthelastcoupleofyears,youhave
contributedtothisbook.IwouldliketospecificallythankTimFox,whogeneratedalotofthegraphics
forusinspiteofthefactthathehadnumerousotherironsinthefire,includinghisownbookproject.
WealsooweAndyColvinaveryspecialthanksasamajorcontributortotheproject.Hewas
instrumentalinseveralcapacities.First,hewasprimarilyresponsibleformaintainingourtest
environment,includingupgradingandpatchingtheplatformsothatwecouldtestthenewestfeatures
andchangesastheybecameavailable.Second,hehelpedusholddownthefortwithourcustomerswho
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wereimplementingExadatawhileRandyandIwerebusywriting.Third,hewasinstrumentalinhelping
usfigureouthowvariousfeaturesworked,particularlywithregardtoinstallation,configuration,and
connectionstoexternalsystems.Itwouldhavebeendifficulttocompletetheprojectwithouthim.

Who Wrote That? 
Therearethreeauthorsofthisbook,fourifyoucountKevin.Itwasreallyacollaborativeeffortamong
thefourofus.Butinordertodividetheworkweeachagreedtodoanumberofchapters.InitiallyRandy
andIstartedtheprojectandTaneljoinedalittlelater(sohegotalighterloadintermsofthe
assignments,butwasaveryvaluablepartofteam,helpingwithresearchonareasthatwerenot
specificallyassignedtohim).Sohere’showtheassignmentsworkedout:


Kerry:Chapters1–6,10,16.
Randy:Chapters7–9,14–15,andabouthalfof13
Tanel:Chapters11–12,andabouthalfof13
Kevin:Easilyidentifiableinthe“KevinSays”sections

Online Resources 
Weusedanumberofscriptsinthisbook.Whentheywereshortorwefeltthescriptsthemselveswereof
interest,weincludedtheircontentsinthetext.Whentheywerelongorjustnotveryinteresting,we
sometimesleftthecontentsofthescriptsoutofthetext.Youcanfindthesourcecodeforallofthe
scriptsweusedinthebookonlineatwww.ExpertOracleExadata.com.AppendixCalsocontainsalistingof
allthediagnosticscriptsalongwithabriefdescriptionoftheirpurpose.

A Note on “Kevin Says” 
KevinClossonservedasourprimarytechnicalreviewerforthebook.Kevinwasthechiefperformance
architectatOraclefortheSAGEproject,whicheventuallyturnedintoExadata,soheisextremely
knowledgeablenotonlyabouthowitworks,butalsoabouthowitshouldworkandwhy.Hisdutiesas
technicalreviewerweretoreviewwhatwewroteandverifyitforcorrectness.Thegeneralworkflow
consistedofoneoftheauthorssubmittingafirstdraftofachapterandthenKevinwouldreviewitand
markitupwithcomments.Aswestartedworkingtogether,werealizedthatitmightbeagoodideato
actuallyincludesomeofKevin’scommentsinthebook,whichprovidesyouwithasomewhatunique
lookintotheprocess.Kevinhasauniquewayofsayingalotinveryfewwords.Overthecourseofthe
projectIfoundmyselfgoingbacktoshortcommentsoremailsmultipletimes,andoftenfoundthem
moremeaningfulafterIwasmorefamiliarwiththetopic.SoIwouldrecommendthatyoudothesame.
Readhiscommentsasyou’regoingthroughachapter,buttrytocomebackandrereadhiscomments
afterfinishingthechapter;Ithinkyou’llfindthatyouwillgetmoreoutofthemonthesecondpass.

How We Tested 
Whenwebegantheproject,thecurrentreleaseofthedatabasewas11.2.0.1.Soseveralofthechapters
wereinitiallytestedwiththatversionofthedatabaseandvariouspatchlevelsonthestoragecells.When
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11.2.0.2becameavailable,wewentbackandretested.Wherethereweresignificantdifferenceswetried
topointthatout,buttherearesomesectionsthatwerenotwrittenuntilafter11.2.0.2wasavailable.So
onthosetopicswemaynothavementioneddifferenceswith11.2.0.1behavior.Weusedacombination
ofV2andX2hardwarecomponentsforourtesting.TherewasbasicallynodifferenceotherthantheX2
beingfaster.

Schemas and Tables 
Youwillseeacoupleofdatabasetablesusedinseveralexamplesthroughoutthebook.Taneluseda
tablecalledTthatlookslikethis:



SYS@SANDBOX1> @table_stats
Owner : TANEL 
Table : T 
 Name                                      Null?    Type 
 ----------------------------------------- -------- ---------------------------- 
 OWNER                                              VARCHAR2(30) 
 NAME                                               VARCHAR2(30) 
 TYPE                                               VARCHAR2(12) 
 LINE                                               NUMBER 
 TEXT                                               VARCHAR2(4000) 
 ROWNUM                                             NUMBER 
 
========================================================================== 
  Table Statistics 
========================================================================== 
TABLE_NAME                    : T 
LAST_ANALYZED                 : 10-APR-2011 13:28:55 
DEGREE                        : 1 
PARTITIONED                   : NO 
NUM_ROWS                      : 62985999 
CHAIN_CNT                     : 0 
BLOCKS                        : 1085255 
EMPTY_BLOCKS                  : 0 
AVG_SPACE                     : 0 
AVG_ROW_LEN                   : 104 
MONITORING                    : YES 
SAMPLE_SIZE                   : 62985999 
----------------- 
========================================================================== 
  Column Statistics 
========================================================================== 
 Name     Analyzed       NDV      Density  # Nulls   # Buckets   Sample  
========================================================================== 
OWNER    04/10/2011       21      .047619  0         1           62985999 
NAME     04/10/2011     5417      .000185  0         1           62985999 
TYPE     04/10/2011        9      .111111  0         1           62985999 
LINE     04/10/2011    23548      .000042  0         1           62985999 
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TEXT     04/10/2011   303648      .000003  0         1           62985999 
ROWNUM   04/10/2011      100      .010000  0         1           62985999 
 

IusedseveralvariationsonatablecalledSKEW.TheoneIusedmostoftenisSKEW3,andit
lookedlikethis:



SYS@SANDBOX1> @table_stats 
Owner : KSO 
Table : SKEW3 
 Name                                      Null?    Type 
 ----------------------------------------- -------- ---------------------------- 
 PK_COL                                             NUMBER 
 COL1                                               NUMBER 
 COL2                                               VARCHAR2(30) 
 COL3                                               DATE 
 COL4                                               VARCHAR2(1) 
 NULL_COL                                           VARCHAR2(10) 
 
============================================================================== 
  Table Statistics 
============================================================================== 
TABLE_NAME                    : SKEW3 
LAST_ANALYZED                 : 10-JAN-2011 19:49:00 
DEGREE                        : 1 
PARTITIONED                   : NO 
NUM_ROWS                      : 384000048 
CHAIN_CNT                     : 0 
BLOCKS                        : 1958654 
EMPTY_BLOCKS                  : 0 
AVG_SPACE                     : 0 
AVG_ROW_LEN                   : 33 
MONITORING                    : YES 
SAMPLE_SIZE                   : 384000048 
----------------- 
============================================================================== 
  Column Statistics 
============================================================================== 
 Name       Analyzed        NDV     Density  # Nulls     # Buckets   Sample 
============================================================================== 
PK_COL     01/10/2011  31909888     .000000  12          1           384000036 
COL1       01/10/2011    902848     .000001  4           1           384000044 
COL2       01/10/2011         2     .500000  12          1           384000036 
COL3       01/10/2011   1000512     .000001  12          1           384000036 
COL4       01/10/2011         3     .333333  12          1           384000036 
NULL_COL   01/10/2011         1    1.000000  383999049   1           999         
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Thisdetailedinformationshouldnotbenecessaryforunderstandinganyofourexamples,but
ifyouhaveanyquestionsaboutthetables,theyarehereforyourreference.Alsobeawarethatweused
othertablesaswell,butthesearetheonesweusedmostoften.

Good Luck 
WehavehadablastdiscoveringhowExadataworks.Ihopeyouenjoyyourexplorationsasmuchaswe
have,andIhopethisbookprovidesaplatformfromwhichyoucanbuildyourownbodyofknowledge.I
feellikewearejustbeginningtoscratchthesurfaceofthepossibilitiesthathavebeenopenedupby
Exadata.Goodluckwithyourinvestigationsandpleasefeelfreetoaskusquestionsandshareyour
discoverieswithusatwww.ExpertOracleExadata.com.
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What Is Exadata? 

NodoubtyoualreadyhaveaprettygoodideawhatExadataisoryouwouldn’tbeholdingthisbookin
yourhands.Inourview,itisapreconfiguredcombinationofhardwareandsoftwarethatprovidesa
platformforrunningOracleDatabase(version11gRelease2asofthiswriting).SincetheExadata
DatabaseMachineincludesastoragesubsystem,newsoftwarehasbeendevelopedtorunatthestorage
layer.Thishasallowedthedeveloperstodosomethingsthatarejustnotpossibleonotherplatforms.In
fact,Exadatareallybeganitslifeasastoragesystem.Ifyoutalktopeopleinvolvedinthedevelopmentof
theproduct,youwillcommonlyhearthemreferthestoragecomponentasExadataorSAGE(Storage
ApplianceforGridEnvironments),whichwasthecodenamefortheproject.

Exadatawasoriginallydesignedtoaddressthemostcommonbottleneckwithverylargedatabases,
theinabilitytomovesufficientlylargevolumesofdatafromthediskstoragesystemtothedatabase
server(s).Oraclehasbuiltitsbusinessbyprovidingveryfastaccesstodata,primarilythroughtheuseof
intelligentcachingtechnology.Asthesizesofdatabasesbegantooutstriptheabilitytocachedata
effectivelyusingthesetechniques,Oraclebegantolookatwaystoeliminatethebottleneckbetweenthe
storagetierandthedatabasetier.Thesolutiontheycameupwithwasacombinationofhardwareand
software.Ifyouthinkaboutit,therearetwoapproachestominimizingthisbottleneck.Thefirstisto
makethepipebigger.Whiletherearemanycomponentsinvolved,andit’sabitofanoversimplification,
youcanthinkofInfiniBandasthatbiggerpipe.Thesecondwaytominimizethebottleneckistoreduce
theamountofdatathatneedstobetransferred.ThistheydidwithSmartScans.Thecombinationofthe
twohasprovidedaverysuccessfulsolutiontotheproblem.Butmakenomistake;reducingthevolume
ofdataflowingbetweenthetiersviaSmartScanisthegoldengoose.

KevinSays:Theauthorshaveprovidedanaccuratelistofapproachesforalleviatingthehistoricalbottleneck
betweenstorageandCPUforDW/BIworkloads—if,thatis,theunderlyingmandateistochangeaslittleinthe
coreOracleDatabasekernelaspossible.Fromapurecomputerscienceperspective,thelistofsolutionstothe
genericproblemofdataflowbetweenstorageandCPUincludesoptionssuchasco-locatingthedatawiththe
databaseinstance—the“shared-nothing”MPPapproach.Whileitisworthwhiletopointthisout,theauthorsare
rightnottospendtimediscussingtheoptionsdismissedbyOracle.

Inthisintroductorychapterwe’llreviewthecomponentsthatmakeupExadata,bothhardwareand
software.We’llalsodiscusshowthepartsfittogether(thearchitecture).We’lltalkabouthowthe
databaseserverstalktothestorageservers.Thisishandledverydifferentlythanonotherplatforms,so
we’llspendafairamountoftimecoveringthattopic.We’llalsoprovidesomehistoricalcontext.Bythe
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endofthechapter,youshouldhaveaprettygoodfeelforhowallthepiecesfittogetherandabasic
understandingofhowExadataworks.Therestofthebookwillprovidethedetailstofillouttheskeleton
thatisbuiltinthischapter.

KevinSays:Inmyopinion,DataWarehousing/BusinessIntelligencepractitioners,inanOracleenvironment,
whoareinterestedinExadata,mustunderstandCellOffloadProcessingfundamentalsbeforeanyotheraspectof
theExadataDatabaseMachine.AllothertechnologyaspectsofExadataaremerelyenablingtechnologyinsupport
ofCellOffloadProcessing.Forexample,takingtoomuchinterest,tooearly,inExadataInfiniBandcomponentryis
simplynotthebestwaytobuildastrongunderstandingofthetechnology.Putanotherway,thisisoneoftherare
caseswhereitisbettertofirstappreciatethewholecakebeforescrutinizingtheingredients.WhenIeducateon
thetopicofExadata,IstartwiththetopicofCellOffloadProcessing.IndoingsoIquicklyimpartthefollowingfour
fundamentals:

CellOffloadProcessing:Workperformedbythestorageserversthatwouldotherwisehavetobeexecutedinthe
databasegrid.ItincludesfunctionalitylikeSmartScan,datafileinitialization,RMANoffload,andHybridColumnar
Compression(HCC)decompression(inthecasewhereIn-MemoryParallelQueryisnotinvolved).

SmartScan:ThemostrelevantCellOffloadProcessingforimprovingDataWarehouse/BusinessIntelligence
queryperformance.SmartScanistheagentforoffloadingfiltration,projection,StorageIndexexploitation,and
HCCdecompression.

FullScanorIndexFastFullScan:Therequiredaccessmethodchosenbythequeryoptimizerinordertotrigger
aSmartScan.

DirectPathReads:RequiredbufferingmodelforaSmartScan.TheflowofdatafromaSmartScancannotbe
bufferedintheSGAbufferpool.Directpathreadscanbeperformedforbothserialandparallelqueries.Directpath
readsarebufferedinprocessPGA(heap).

An Overview of Exadata 
Apicture’sworthathousandwords,orsothesayinggoes.Figure1-1showsaveryhigh-levelviewofthe
partsthatmakeuptheExadataDatabaseMachine.



CHAPTER1WHATISEXADATA?

3



Figure 1-1. High-level Exadata components 

WhenconsideringExadata,itishelpfultodividetheentiresystemmentallyintotwoparts,the
storagelayerandthedatabaselayer.ThelayersareconnectedviaanInfiniBandnetwork.InfiniBand
providesalow-latency,high-throughputswitchedfabriccommunicationslink.Itprovidesredundancy
andbondingoflinks.ThedatabaselayerismadeupofmultipleSunserversrunningstandardOracle
11gR2software.TheserversaregenerallyconfiguredinoneormoreRACclusters,althoughRACisnot
actuallyrequired.ThedatabaseserversuseASMtomapthestorage.ASMisrequiredevenifthe
databasesarenotconfiguredtouseRAC.ThestoragelayeralsoconsistsofmultipleSunservers.Each
storageservercontains12diskdrivesandrunstheOraclestorageserversoftware(cellsrv).
CommunicationbetweenthelayersisaccomplishedviaiDB,whichisanetworkbasedprotocolthatis
implementedusingInfiniBand.iDBisusedtosendrequestsfordataalongwithmetadataaboutthe
request(includingpredicates)tocellsrv.Incertainsituations,cellsrvisabletousethemetadatato
processthedatabeforesendingresultsbacktothedatabaselayer.Whencellsrvisabletodothisitis
calledaSmartScanandgenerallyresultsinasignificantdecreaseinthevolumeofdatathatneedstobe
transmittedbacktothedatabaselayer.WhenSmartScansarenotpossible,cellsrvreturnstheentire
Oracleblock(s).NotethatiDBusestheRDSprotocol,whichisalow-latencyprotocolthatbypasses
kernelcallsbyusingremotedirectmemoryaccess(RDMA)toaccomplishprocess-to-process
communicationacrosstheInfiniBandnetwork.

History of Exadata 
Exadatahasundergoneanumberofsignificantchangessinceitsinitialreleaseinlate2008.Infact,one
ofthemoredifficultpartsofwritingthisbookhasbeenkeepingupwiththechangesintheplatform
duringtheproject.Here’sabriefreviewoftheproduct’slineageandhowithaschangedovertime.
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KevinSays:I’dliketosharesomehistoricalperspective.BeforetherewasExadata,therewasSAGE—Storage
ApplianceforGridEnvironments,whichwemightconsiderV0.Infact,itremainedSAGEuntiljustamatterof
weeksbeforeLarryEllisongaveitthenameExadata—justintimefortheOpenWorldlaunchoftheproductin
2008amidhugeco-brandedfanfarewithHewlett-Packard.AlthoughthefirstembodimentofSAGEwasaHewlett-
Packardexclusive,OraclehadnotyetdecidedthattheplatformwouldbeexclusivetoHewlett-Packard,muchless
theeventualtotalexclusivityenjoyedbySunMicrosystems—bywayofbeingacquiredbyOracle.Infact,Oracle
leadershiphadn’tevenestablishedtherigidLinuxOperatingSystemrequirementforthedatabasehosts;the
portingeffortofiDBtoHP-UXItaniumwasinverylatestagesofdevelopmentbeforetheSunacquisitionwas
finalized.ButSAGEevolutionwentbackfurtherthanthat.

V1:ThefirstExadatawasreleasedinlate2008.ItwaslabeledasV1andwasa
combinationofHPhardwareandOraclesoftware.Thearchitecturewassimilar
tothecurrentX2-2version,withtheexceptionoftheFlashCache,whichwas
addedtotheV2version.ExadataV1wasmarketedasexclusivelyadata
warehouseplatform.Theproductwasinterestingbutnotwidelyadopted.It
alsosufferedfromissuesresultingfromoverheating.Thecommonlyheard
descriptionwasthatyoucouldfryeggsontopofthecabinet.Manyofthe
originalV1customersreplacedtheirV1swithV2s.

V2:ThesecondversionofExadatawasannouncedatOpenWorldin2009.This
versionwasapartnershipbetweenSunandOracle.Bythetimethe
announcementwasmade,Oraclewasalreadyintheprocessofattemptingto
acquireSunMicrosystems.Manyofthecomponentswereupgradedtobigger
orfasterversions,butthebiggestdifferencewastheadditionofasignificant
amountofsolid-statebasedstorage.Thestoragecellswereenhancedwith384G
ofExadataSmartFlashCache.Thesoftwarewasalsoenhancedtotake
advantageofthenewcache.ThisadditionallowedOracletomarketthe
platformasmorethanaDataWarehouseplatformopeningupasignificantly
largermarket.

X2:ThethirdeditionofExadata,announcedatOracleOpenWorldin2010,was
namedtheX2.Actually,therearetwodistinctversionsoftheX2.TheX2-2
followsthesamebasicblueprintastheV2,withuptoeightdual-CPUdatabase
servers.TheCPUswereupgradedtohex-coremodels,wheretheV2shadused
quad-coreCPUs.TheotherX2modelwasnamedtheX2-8.Itbreaksthesmall
1Udatabaseservermodelbyintroducinglargerdatabaseserverswith8×8core
CPUsandalarge1TBmemoryfootprint.TheX2-8ismarketedasamorerobust
platformforlargeOLTPormixedworkloadsystemsdueprimarilytothelarger
numberofCPUcoresandthelargermemoryfootprint.
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Alternative Views of What Exadata Is 
We’vealreadygivenyouaratherblanddescriptionofhowweviewExadata.However,likethewell-
knowntaleoftheblindmendescribinganelephant,therearemanyconflictingperceptionsaboutthe
natureofExadata.We’llcoverafewofthecommondescriptionsinthissection.

DataWarehouseAppliance
OccasionallyExadataisdescribedasadata warehouse appliance (DW Appliance).WhileOraclehas
attemptedtokeepExadatafrombeingpigeonholedintothiscategory,thedescriptionisclosertothe
truththanyoumightinitiallythink.Itis,infact,atightlyintegratedstackofhardwareandsoftwarethat
Oracleexpectsyoutorunwithoutalotofchanges.Thisisdirectlyin-linewiththecommon
understandingofaDWAppliance.However,theverynatureoftheOracledatabasemeansthatitis
extremelyconfigurable.ThisfliesinthefaceofthetypicalDWAppliance,whichtypicallydoesnothave
alotofknobstoturn.However,thereareseveralcommoncharacteristicsthataresharedbetweenDW
AppliancesandExadata.

Exceptional Performance:ThemostrecognizablecharacteristicofExadataand
DWAppliancesingeneralisthattheyareoptimizedfordatawarehousetype
queries.

Fast Deployment:DWAppliancesandExadataDatabaseMachinescanbothbe
deployedveryrapidly.SinceExadatacomespreconfigured,itcangenerallybe
upandrunningwithinaweekfromthetimeyoutakedelivery.Thisisinstark
contrasttothenormalOracleclustereddatabasedeploymentscenario,which
generallytakesseveralweeks.

Scalability:Bothplatformshavescalablearchitectures.WithExadata,
upgradingisdoneindiscretesteps.Upgradingfromahalfrackconfigurationto
afullrackincreasesthetotaldiskthroughputinlockstepwiththecomputing
poweravailableonthedatabaseservers.

Reduction in TCO:Thisonemayseemabitstrange,sincemanypeoplethink
thebiggestdrawbacktoExadataisthehighpricetag.Butthefactisthatboth
DWAppliancesandExadatareducetheoverallcostofownershipinmany
applications.Oddlyenough,inExadata’scasethisispartiallythankstoa
reductioninthenumberofOracledatabaselicensesnecessarytosupporta
givenworkload.Wehaveseenseveralsituationswheremultiplehardware
platformswereevaluatedforrunningacompany’sOracleapplicationandhave
endedupcostinglesstoimplementandmaintainonExadatathanontheother
optionsevaluated.

High Availability:MostDWAppliancesprovideanarchitecturethatsupportsat
leastsomedegreeofhigh availability (HA).SinceExadatarunsstandardOracle
11gsoftware,alltheHAcapabilitiesthatOraclehasdevelopedareavailableout
ofthebox.Thehardwareisalsodesignedtopreventanysinglepointoffailure.

Preconfiguration:WhenExadataisdeliveredtoyourdatacenter,aSun
engineerwillbescheduledtoassistwiththeinitialconfiguration.Thiswill
includeensuringthattheentirerackiscabledandfunctioningasexpected.But
likemostDWAppliances,theworkhasalreadybeendonetointegratethe
components.Soextensiveresearchandtestingarenotrequired.
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Limited Standard Configurations:MostDWAppliancesonlycomeinavery
limitedsetofconfigurations(small,medium,andlarge,forexample).Exadatais
nodifferent.Therearecurrentlyonlyfourpossibleconfigurations.Thishas
repercussionswithregardstosupportability.Itmeansifyoucallsupportand
tellthemyouhaveanX2-2HalfRack,thesupportpeoplewillimmediately
knowalltheyneedtoknowaboutyourhardware.Thisprovidesbenefitstothe
supportpersonnelandthecustomersintermsofhowquicklyissuescanbe
resolved.

Regardlessofthesimilarities,OracledoesnotconsiderExadatatobeaDWAppliance,eventhough
therearemanysharedcharacteristics.Generallyspeaking,thisisbecauseExadataprovidesafully
functionalOracledatabaseplatformwithallthecapabilitiesthathavebeenbuiltintoOracleoverthe
years,includingtheabilitytorunanyapplicationthatcurrentlyrunsonanOracledatabaseandin
particulartodealwithmixedworkloadsthatdemandahighdegreeofconcurrency,whichDW
Appliancesaregenerallynotequippedtohandle.

KevinSays:WhetherExadataisorisnotanapplianceisacommontopicofconfusionwhenpeopleenvision
whatExadatais.TheOracleExadataDatabaseMachineisnotanappliance.However,thestoragegriddoes
consistofExadataStorageServercells—whichareappliances.

OLTPMachine
ThisdescriptionisabitofamarketingployaimedatbroadeningExadata’sappealtoawidermarket
segment.Whilethedescriptionisnottotallyoff-base,itisnotasaccurateassomeothermonikersthat
havebeenassignedtoExadata.Itbringstomindtheclassicquote:

It depends on what the meaning of the word “is” is.  

—BillClinton

Inthesamevein,OLTP(OnlineTransactionProcessing)isabitofalooselydefinedterm.We
typicallyusethetermtodescribeworkloadsthatareverylatency-sensitiveandcharacterizedbysingle-
blockaccessviaindexes.ButthereisasubsetofOLTPsystemsthatarealsoverywrite-intensiveand
demandaveryhighdegreeofconcurrencytosupportalargenumberofusers.Exadatawasnotdesigned
tobethefastestpossiblesolutionforthesewrite-intensiveworkloads.However,it’sworthnotingthat
veryfewsystemsfallneatlyintothesecategories.Mostsystemshaveamixtureoflong-running,
throughput-sensitiveSQLstatementsandshort-duration,latency-sensitiveSQLstatements.Whichleads
ustothenextviewofExadata.

ConsolidationPlatform
ThisdescriptionpitchesExadataasapotentialplatformforconsolidatingmultipledatabases.Thisis
desirablefromatotalcostofownership(TCO)standpoint,asithasthepotentialtoreducecomplexity
(andthereforecostsassociatedwiththatcomplexity),reduceadministrationcostsbydecreasingthe
numberofsystemsthatmustbemaintained,reducepowerusageanddatacentercoststhrough
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reducingthenumberofservers,andreducesoftwareandmaintenancefees.Thisisavalidwaytoview
Exadata.BecauseofthecombinationoffeaturesincorporatedinExadata,itiscapableofadequately
supportingmultipleworkloadprofilesatthesametime.AlthoughitisnottheperfectOLTPMachine,the
FlashCachefeatureprovidesamechanismforensuringlowlatencyforOLTP-orientedworkloads.The
SmartScanoptimizationsprovideexceptionalperformanceforhigh-throughput,DW-oriented
workloads.ResourceManagementoptionsbuiltintotheplatformprovidetheabilityforthesesomewhat
conflictingrequirementstobesatisfiedonthesameplatform.Infact,oneofthebiggestupsidestothis
abilityisthepossibilityoftotallyeliminatingahugeamountofworkthatiscurrentlyperformedinmany
shopstomovedatafromanOLTPsystemtoaDWsystemsothatlong-runningqueriesdonotnegatively
affectthelatency-sensitiveworkload.Inmanyshops,simplymovingdatafromoneplatformtoanother
consumesmoreresourcesthananyotheroperation.Exadata’scapabilitiesinthisregardmaymakethis
processunnecessaryinmanycases.

Configuration Options 
SinceExadataisdeliveredasapreconfigured,integratedsystem,thereareveryfewoptionsavailable.As
ofthiswritingtherearefourversionsavailable.Theyaregroupedintotwomajorcategorieswith
differentmodelnames(theX2-2andtheX2-8).Thestoragetiersandnetworkingcomponentsforthe
twomodelsareidentical.Thedatabasetiers,however,aredifferent.

ExadataDatabaseMachineX2-2
TheX2-2comesinthreeflavors:quarterrack,halfrack,andfullrack.Thesystemisbuilttobe
upgradeable,soyoucanupgradelaterfromaquarterracktohalfrack,forexample.Hereiswhatyou
needtoknowaboutthedifferentoptions:

Quarter Rack:TheX2-2QuarterRackcomeswithtwodatabaseserversand
threestorageservers.Thehigh-capacityversionprovidesroughly33TBof
usablediskspaceifitisconfiguredfornormalredundancy.Thehigh-
performanceversionprovidesroughlyonethirdofthatorabout10TBofusable
space,againifconfiguredfornormalredundancy.

Half Rack:TheX2-2HalfRackcomeswithfourdatabaseserversandseven
storageservers.Thehigh-capacityversionprovidesroughly77TBofusabledisk
spaceifitisconfiguredfornormalredundancy.Thehigh-performanceversion
providesroughly23TBofusablespaceifconfiguredfornormalredundancy.

Full Rack:TheX2-2QuarterRackcomeswitheightdatabaseserversand
fourteenstorageservers.Thehigh-capacityversionprovidesroughly154TBof
usablediskspaceifitisconfiguredfornormalredundancy.Thehigh
performanceversionprovidesabout47TBofusablespaceifconfiguredfor
normalredundancy.
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Note:Here’showwecamupwiththeroughuseablespaceestimates.Wetooktheactualsizeofthediskand
subtracted29GBforOS/DBFSspace.Assumingtheactualdisksizesare1,861GBand571GBforhighcapacity
(HC)andhighperformance(HP)drives,thatleaves1,833GBforHCand543GBforHP.Multiplythatbythenumber
ofdisksintherack(36,84,or168).Dividethatnumberby2or3dependingonwhetheryouareusingnormalor
highredundancytogetusablespace.Keepinmindthatthe"usablefreemb"thatasmcmdreportstakesinto
accountthespaceneededforarebalanceifafailgroupwaslost(req_mir_free_MB).Usablefilespacefrom
asmcmd'slsdgiscalculatedasfollows:

Free_MB/redundancy-(req_mir_free_MB/2)

Halfandfullracksaredesignedtobeconnectedtoadditionalracks,enablingmultiple-rack
configurations.TheseconfigurationshaveanadditionalInfiniBandswitchcalledaspine switch.Itis
intendedtobeusedtoconnectadditionalracks.Thereareenoughavailableconnectionstoconnectas
manyaseightracks,althoughadditionalcablingmayberequireddependingonthenumberofracksyou
intendtoconnect.ThedatabaseserversofthemultiplerackscanbecombinedintoasingleRAC
databasewithdatabaseserversthatspanracks,ortheymaybeusedtoformseveralsmallerRAC
clusters.Chapter15containsmoreinformationaboutconnectingmultipleracks.

ExadataDatabaseMachineX2-8
ThereiscurrentlyonlyoneversionoftheX2-8.Ithastwodatabaseserversandfourteenstoragecells.It
iseffectivelyanX2-2FullRackbutwithtwolargedatabaseserversinsteadoftheeightsmallerdatabase
serversusedintheX2-2.Aspreviouslymentioned,thestorageserversandnetworkingcomponentsare
identicaltotheX2-2model.Therearenoupgradesspecifictox2-8available.Ifyouneedmorecapacity,
youroptionistoaddanotherX2-8,althoughitispossibletoaddadditionalstoragecells.

Upgrades 

Quarterracksandhalfracksmaybeupgradedtoaddmorecapacity.Thecurrentpricelisthastwo
optionsforupgrades,theHalfRackToFullRackUpgradeandtheQuarterRacktoHalfRackUpgrade.
Theoptionsarelimitedinanefforttomaintaintherelativebalancebetweendatabaseserversand
storageservers.Theseupgradesaredoneinthefield.Ifyouorderanupgrade,theindividual
componentswillbeshippedtoyoursiteonabigpalletandaSunengineerwillbescheduledtoinstall
thecomponentsintoyourrack.Allthenecessarypartsshouldbethere,includingrackrailsandcables.
Unfortunately,thelabelsforthecablesseemtocomefromsomeotherpartoftheuniverse.Whenwedid
theupgradeonourlabsystem,thelackoflabelsheldusupforacoupleofdays.

Thequarter-to-halfupgradeincludestwodatabaseserversandfourstorageserversalongwithan
additionalInfiniBandswitch,whichisconfiguredasaspineswitch.Thehalf-to-fullupgradeincludes
fourdatabaseserversandsevenstorageservers.ThereisnoadditionalInfiniBandswitchrequired,
becausethehalfrackalreadyincludesaspineswitch.

Thereisalsothepossibilityofaddingstandalonestorageserverstoanexistingrack.Althoughthis
goesagainstthebalancedconfigurationphilosophy,Oracledoesallowit.Oddlyenough,theydonot
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supportplacingthestorageserversintheexistingrack,evenifthereisspace(asinthecaseofaquarter
rackorhalfrackforexample).

Thereareacoupleofotherthingsworthnotingaboutupgrades.Manycompaniespurchased
ExadataV2systemsandarenowintheprocessofupgradingthosesystems.Severalquestionsnaturally
arisewithregardtothisprocess.OnehastodowithwhetheritisacceptabletomixthenewerX2-2
serverswiththeolderV2components.Theanswerisyes,it’sOKtomixthem.Inourlabenvironment,
forexample,wehaveamixtureofV2(ouroriginalquarterrack)andX2-2servers(theupgradetoahalf
rack).Wechosetoupgradeourexistingsystemtoahalfrackratherthanpurchaseanotherstandalone
quarterrackwithX2-2components,whichwasanotherviableoption.

Theotherquestionthatcomesupfrequentlyiswhetheraddingadditionalstandalonestorage
serversisanoptionforcompaniesthatarerunningoutofspacebutthathaveplentyofCPUcapacityon
thedatabaseservers.Thisquestionisnotaseasytoanswer.Fromalicensingstandpoint,Oraclewillsell
youadditionalstorageservers,butrememberthatoneofthegoalsofExadatawastocreateamore
balancedarchitecture.Soyoushouldcarefullyconsiderwhetheryouneedmoreprocessingcapabilityat
thedatabasetiertohandletheadditionalthroughputprovidedbytheadditionalstorage.However,ifit’s
simplylackofspacethatyouaredealingwith,additionalstorageserversarecertainlyaviableoption.

Hardware Components 
You’veprobablyseenmanypicturesliketheoneinFigure1-2.ItshowsanExadataDatabaseMachine
FullRack.We’veaddedafewgraphicelementstoshowyouwherethevariouspiecesresideinthe
cabinet.Inthissectionwe’llcoverthosepieces.
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Figure 1-2. An Exadata Full Rack 

Asyoucansee,mostofthenetworkingcomponents,includinganEthernetswitchandtworedundant
InfiniBandswitches,arelocatedinthemiddleoftherack.Thismakessenseasitmakesthecablinga
littlesimpler.ThereisalsoaSunIntegratedLightsOutManager(ILOM)moduleandKVMinthecenter
section.Thesurroundingeightslotsarereservedfordatabaseservers,andtherestoftherackisusedfor
storageservers,withoneexception.TheverybottomslotisusedforanadditionalInfiniBand“spine”
switchthatcanbeusedtoconnectadditionalracksifsodesired.Itislocatedinthebottomoftherack,
basedontheexpectationthatyourExadatawillbeinadatacenterwitharaisedfloor,allowingcabling
toberunfromthebottomoftherack.

OperatingSystems
ThecurrentgenerationX2hardwareconfigurationsuseIntel-basedSunservers.Asofthiswritingallthe
serverscomepreinstalledwithOracleLinux5.Oraclehasannouncedthattheyintendtosupporttwo
versionsoftheLinuxkernel—thestandardRedhat-compatibleversionandanenhancedversioncalled
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theUnbreakableEnterpriseKernel(UEK).Thisoptimizedversionhasseveralenhancementsthatare
specificallyapplicabletoExadata.Amongthesearenetwork-relatedimprovementstoInfiniBandusing
theRDSprotocol.OneofthereasonsforreleasingtheUEKmaybetospeedupOracle’sabilitytorollout
changestoLinuxbyavoidingthelengthyprocessnecessarytogetchangesintothestandardOpen
Sourcereleases.OraclehasbeenastrongpartnerinthedevelopmentofLinuxandhasmadeseveral
majorcontributionstothecodebase.Thestateddirectionistosubmitalltheenhancementsincludedin
theEUKversionforinclusioninthestandardrelease.

OraclehasalsoannouncedthattheX2databaseserverswillhavetheoptionofrunningSolaris11
Express.AndspeakingofSolaris,wearefrequentlyaskedaboutwhetherOraclehasplanstoreleasea
versionofExadatathatusesSPARCCPUs.Atthetimeofthiswriting,therehasbeennoindicationthat
thiswillbeafuturedirection.ItseemsmorelikelythatOraclewillcontinuetopursuetheX86-based
solution.

StorageserversforboththeX2-2andX2-8modelswillcontinuetorunexclusivelyonOracleLinux.
Oracleviewstheseserversasaclosedsystemanddoesnotsupportinstallinganyadditionalsoftwareon
them.

DatabaseServers
ThecurrentgenerationX2-2databaseserversarebasedontheSunFireX4170M2servers.Eachserver
hastwo×6CoreIntelXeonX5670processors(2.93GHz)and96GBofmemory.Theyalsohavefour
internal300GB10KRPMSASdrives.Theyhaveseveralnetworkconnectionsincludingtwo10Gband
four1GbEthernetportsinadditiontothetwoQDRInfiniBand(40Gb/s)ports.Notethatthe10Gbports
areopenandthatyou’llneedtoprovidethecorrectconnectorstoattachthemtoyourexistingcopperor
fibernetwork.TheserversalsohaveadedicatedILOMportanddualhot-swappablepowersupplies.

TheX2-8databaseserversarebasedontheSunFireX4800servers.Theyaredesignedtohandle
systemsthatrequirealargeamountofmemory.Theserversareequippedwitheightx8CoreIntelXeon
X7560processors(2.26GHz)and1TBofmemory.Thisgivesthefullracksystematotalof128coresand
2terabytesofmemory.

StorageServers
ThecurrentgenerationofstorageserversarethesameforboththeX2-2andtheX2-8models.Each
storageserverconsistsofaSunFireX4270M2andcontains12disks.Dependingonwhetheryouhave
thehigh-capacityversionorthehigh-performanceversion,thediskswilleitherbe2TBor600GBSAS
drives.Eachstorageservercomeswith24GBofmemoryandtwox6CoreIntelXeonX5670processors
runningat2.93GHz.ThesearethesameCPUsasontheX2-2databaseservers.BecausetheseCPUsare
intheWestmerefamily,theyhavebuiltinAESencryptionsupport,whichessentiallyprovidesa
hardwareassisttoencryptionanddecryption.Eachstorageserveralsocontainsfour96GBSunFlash
AcceleratorF20PCIecards.Thisprovidesatotalof384GBofflashbasedstorageoneachstoragecell.
Thestorageserverscomepre-installedwithOracleLinux5.

InfiniBand
OneofthemoreimportanthardwarecomponentsofExadataistheInfiniBandnetwork.Itisusedfor
transferringdatabetweenthedatabasetierandthestoragetier.Itisalsousedforinterconnecttraffic
betweenthedatabaseservers,iftheyareconfiguredinaRACcluster.Inaddition,theInfiniBand
networkmaybeusedtoconnecttoexternalsystemsforsuchusesasbackups.Exadataprovides
redundant36-portQDRInfiniBandswitchesforthesepurposes.Theswitchesprovide40Gb/Secof
throughput.Youwilloccasionallyseetheseswitchesreferredtoas“leaf”switches.Inaddition,each
databaseserverandeachstorageserverareequippedwithDual-PortQDRInfiniBandHostChannel
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Adapters.Allbutthesmallest(quarterrack)ExadataconfigurationsalsocontainathirdInfiniBand
switch,intendedforchainingmultipleExadatarackstogether.Thisswitchisgenerallyreferredtoasa
“spine”switch.

FlashCache
Asmentionedearlier,eachstorageservercomesequippedwith384GBofflash-basedstorage.This
storageisgenerallyconfiguredtobeacache.OraclereferstoitasExadataSmartFlashCache(ESFC).
TheprimarypurposeofESFCistominimizetheservicetimeforsingleblockreads.Thisfeatureprovides
asubstantialamountofdiskcache,about2.5TBonahalfrackconfiguration.

Disks
Oracleprovidestwooptionsfordisks.AnExadataDatabaseMachinemaybeconfiguredwitheither
high-capacitydrivesorhigh-performancedrives.Aspreviouslymentioned,thehigh-capacityoption
includes2TB,7200RPMdrives,whilethehigh-performanceoptionincludes600GB,15000RPMSAS
drives.Oracledoesnotallowamixtureofthetwodrivetypes.Withthelargeamountofflashcache
availableonthestoragecells,itseemsthatthehigh-capacityoptionwouldbeadequateformostread
heavyworkloads.Theflashcachedoesaverygoodjobofreducingthesingle-block-readlatencyinthe
mixed-workloadsystemswe’veobservedtodate.

BitsandPieces
Thepackagepriceincludesa42Urackwithredundantpowerdistributionunits.Alsoincludedinthe
priceisanEthernetswitch.Thespecsheetsdon’tspecifythemodelfortheEthernetswitch,butasofthis
writingtheyareshippingaswitchmanufacturedbyCisco.Todate,thisistheonepieceofthepackage
thatOraclehasagreedtoallowcustomerstoreplace.Ifyouhaveanotherswitchthatyoulikebetter,you
canremovetheincludedswitchandreplaceit(atyourowncost).TheX2-2includesaKVMunitaswell.
Thepackagepricealsoincludesaspareskitthatincludesanextraflashcard,anextradiskdrive,and
someextraInfiniBandcables(twoextraflashcardsandtwoextradiskdrivesonfullracks).Thepackage
pricedoesnotincludeSFP+connectorsorcablesforthe10GBEthernetports.Thesearenotstandard
andwillvarybasedontheequipmentusedinyournetwork.Theportsareintendedforexternal
connectionsofthedatabaseserverstothecustomer’snetwork.

Software Components 
ThesoftwarecomponentsthatmakeupExadataaresplitbetweenthedatabasetierandthestoragetier.
StandardOracledatabasesoftwarerunsonthedatabaseservers,whileOracle’srelativelynewdisk
managementsoftwarerunsonthestorageservers.Thecomponentsonbothtiersuseaprotocolcalled
iDBtotalktoeachother.Thenexttwosectionsprovideabriefintroductiontothesoftwarestackthat
residesonbothtiers.

DatabaseServerSoftware
Aspreviouslydiscussed,thedatabaseserversrunOracleLinux.Ofcoursethereistheoptiontorun
SolarisExpress,butasofthiswritingwehavenotseenonerunningSolaris.
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ThedatabaseserversalsorunstandardOracle11gRelease2software.Thereisnospecialversionof
thedatabasecodethatisdifferentfromthecodethatisrunonanyotherplatform.Thisisactuallya
uniqueandsignificantfeatureofExadata,comparedtocompetingdatawarehouseapplianceproducts.
Inessence,itmeansthatanyapplicationthatcanrunonOracle11gR2canrunonExadatawithout
requiringanychangestotheapplication.WhilethereiscodethatisspecifictotheExadataplatform,iDB
forexample,Oraclechosetomakeitapartofthestandarddistribution.Thesoftwareisawareof
whetheritisaccessingExadatastorage,andthis“awareness”allowsittomakeuseoftheExadata-
specificoptimizationswhenaccessingExadatastorage.

ASM(OracleAutomaticStorageManagement)isakeycomponentofthesoftwarestackonthe
databaseservers.ItprovidesfilesystemandvolumemanagementcapabilityforExadatastorage.Itis
requiredbecausethestoragedevicesarenotvisibletothedatabaseservers.Thereisnodirect
mechanismforprocessesonthedatabaseserverstoopenorreadafileonExadatastoragecells.ASM
alsoprovidesredundancytothestoragebymirroringdatablocks,usingeithernormalredundancy(two
copies)orhighredundancy(threecopies).Thisisanimportantfeaturebecausethedisksarephysically
locatedonmultiplestorageservers.TheASMredundancyallowsmirroringacrossthestoragecells,
whichallowsforthecompletelossofastorageserverwithoutaninterruptiontothedatabasesrunning
ontheplatform.ThereisnoformofhardwareorsoftwarebasedRAIDthatprotectsthedataonExadata
storageservers.ThemirroringprotectionisprovidedexclusivelybyASM.

WhileRACisgenerallyinstalledonExadatadatabaseservers,itisnotactuallyrequired.RACdoes
providemanybenefitsintermsofhighavailabilityandscalabilitythough.Forsystemsthatrequiremore
CPUormemoryresourcesthancanbesuppliedbyasingleserver,RACisthepathtothoseadditional
resources.

ThedatabaseserversandthestorageserverscommunicateusingtheIntelligentDatabaseprotocol
(iDB).iDBimplementswhatOraclereferstoasafunction shippingarchitecture.Thistermisusedto
describehowiDBshipsinformationabouttheSQLstatementbeingexecutedtothestoragecellsand
thenreturnsprocesseddata(prefiltered,forexample),insteadofdatablocks,directlytotherequesting
processes.Inthismode,iDBcanlimitthedatareturnedtothedatabaseservertoonlythoserowsand
columnsthatsatisfythequery.Thefunctionshippingmodeisonlyavailablewhenfullscansare
performed.iDBcanalsosendandretrievefullblockswhenoffloadingisnotpossible(ornotdesirable).
Inthismode,iDBisusedlikeanormalI/OprotocolforfetchingentireOracleblocksandreturningthem
totheOraclebuffercacheonthedatabaseservers.Forcompletenessweshouldmentionthatitisreally
notasimpleonewayortheotherscenario.Therearecaseswherewecangetacombinationofthesetwo
behaviors.We’lldiscussthatinmoredetailinChapter2.

iDBusestheReliableDatagramSockets(RDS)protocolandofcourseusestheInfiniBandfabric
betweenthedatabaseserversandstoragecells.RDSisalow-latency,low-overheadprotocolthat
providesasignificantreductioninCPUusagecomparedtoprotocolssuchasUDP.RDShasbeen
aroundforsometimeandpredatesExadatabyseveralyears.Theprotocolimplementsadirectmemory
accessmodelforinterprocesscommunication,whichallowsittoavoidthelatencyandCPUoverhead
associatedwithtraditionalTCPtraffic.
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KevinSays:RDShasindeedbeenaroundforquitesometime,althoughnotwiththeExadatausecaseinmind.
ThehistoryofRDSgoesbacktothepartneringbetweenSilverStorm(acquiredbyQlogicCorporation)andOracleto
addresstherequirementsforlowlatencyandhighbandwidthplacedupontheRealApplicationClustersnode
interconnect(vialibskgxp)forDLMlocktrafficand,toalesserdegree,forParallelQuerydatashipping.Thelatter
modelwasfirstprovenbya1TBscaleTPC-HconductedwithOracleDatabase10gonthenowdefunct
PANTASystemsplatform.LaterOraclealigneditselfmorecloselywithMellanox.

Thishistorylessontouchesonanimportantpoint.iDBisbasedonlibskgxp,whichenjoyedmanyyearsof
hardeninginitsroleofinterconnectlibrarydatingbacktothefirstphaseoftheCacheFusionfeatureinOracle8i.
TheabilitytoleverageatriedandtruetechnologylikelibskgxpcameinhandyduringthemovetotakeSAGEto
market.

Itisimportanttounderstandthatnostoragedevicesaredirectlypresentedtotheoperatingsystems
onthedatabaseservers.Therefore,therearenooperating-systemcallstoopenfiles,readblocksfrom
them,ortheotherusualtasks.Thisalsomeansthatstandardoperating-systemutilitieslikeiostatwill
notbeusefulinmonitoringyourdatabaseservers,becausetheprocessesrunningtherewillnotbe
issuingI/Ocallstothedatabasefiles.Here’ssomeoutputthatillustratesthisfact:

KSO@SANDBOX1> @whoami 
 
USERNAME              SID     SERIAL# PREV_HASH_VALUE SCHEMANAME  OS_PID 
--------------- ---------- ---------- --------------- ---------- ------- 
KSO                    689        771      2334772408 KSO          23922 
 
KSO@SANDBOX1> select /* avgskew3.sql */ avg(pk_col) from kso.skew3 a where col1 > 0; 
 
... 
 
> strace -cp 23922 
Process 23922 attached - interrupt to quit 
Process 23922 detached 
% time     seconds  usecs/call     calls    errors syscall 
------ ----------- ----------- --------- --------- ---------------- 
 49.75    0.004690           0     10902      5451 setsockopt 
 29.27    0.002759           0      6365           poll 
 11.30    0.001065           0      5487           sendmsg 
  9.60    0.000905           0     15328      4297 recvmsg 
  0.08    0.000008           1        16           fcntl 
  0.00    0.000000           0        59           read 
  0.00    0.000000           0         3           write 
  0.00    0.000000           0        32        12 open 
  0.00    0.000000           0        20           close 
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  0.00    0.000000           0         4           stat 
  0.00    0.000000           0         4           fstat 
  0.00    0.000000           0        52           lseek 
  0.00    0.000000           0        33           mmap 
  0.00    0.000000           0         7           munmap 
  0.00    0.000000           0         1           semctl 
  0.00    0.000000           0        65           getrusage 
  0.00    0.000000           0        32           times 
  0.00    0.000000           0         1           semtimedop 
------ ----------- ----------- --------- --------- ---------------- 
100.00    0.009427                 38411      9760 total 

Inthislistingwehaverunstraceonauser’sforegroundprocess(sometimescalledashadow
process).Thisistheprocessthat’sresponsibleforretrievingdataonbehalfofauser.Asyoucansee,the
vastmajorityofsystemcallscapturedbystracearenetwork-related(setsockopt,poll,sendmsg,and
recvmsg).Bycontrast,onanon-ExadataplatformwemostlyseediskI/O-relatedevents,primarilysome
formofthereadcall.Here’ssomeoutputfromanon-Exadataplatformforcomparison:

KSO@LAB112> @whoami 
 
USERNAME              SID     SERIAL# PREV_HASH_VALUE SCHEMANAME  OS_PID 
--------------- ---------- ---------- --------------- ---------- ------- 
KSO                    249      32347      4128301241 KSO          22493 
 
KSO@LAB112> @avgskew 
 
AVG(PK_COL) 
----------- 
 16093749.8  
 
... 
 
[root@homer ~]# strace -cp 22493 
Process 22493 attached - interrupt to quit 
Process 22493 detached 
% time     seconds  usecs/call     calls    errors syscall 
------ ----------- ----------- --------- --------- ---------------- 
 88.86    4.909365        3860      1272           pread64 
 10.84    0.599031          65      9171           gettimeofday 
  0.16    0.008766          64       136           getrusage 
  0.04    0.002064          56        37           times 
  0.02    0.001378         459         3           write 
  0.02    0.001194         597         2           statfs 
  0.02    0.001150         575         2           fstatfs 
  0.02    0.001051         350         3           read 
  0.01    0.000385          96         4           mmap2 
  0.00    0.000210         105         2           io_destroy 
  0.00    0.000154          77         2           io_setup 
  0.00    0.000080          40         2           open 
  0.00    0.000021          11         2           fcntl64 
------ ----------- ----------- --------- --------- ---------------- 
100.00    5.524849                 10638           total 
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Noticethatthemainsystemcallcapturedonthenon-ExadataplatformisI/O-related(pread64).The
pointoftheprevioustwolistingsistoshowthatthereisaverydifferentmechanisminplayintheway
datastoredondisksisaccessedwithExadata.

StorageServerSoftware
CellServices(cellsrv)istheprimarysoftwarethatrunsonthestoragecells.Itisamulti-threaded
programthatservicesI/Orequestsfromadatabaseserver.Thoserequestscanbehandledbyreturning
processeddataorbyreturningcompleteblocksdependingintherequest.cellsrvalsoimplementsthe
ResourceManagerdefinedI/Odistributionrules,ensuringthatI/Oisdistributedtothevarious
databasesandconsumergroupsappropriately.

TherearetwootherprogramsthatruncontinuouslyonExadatastoragecells.ManagementServer
(MS)isaJavaprogramthatprovidestheinterfacebetweencellsrvandtheCellCommandLine
Interface(cellcli)utility.MSalsoprovidestheinterfacebetweencellsrvandtheGridControlExadata
plug-in(whichisimplementedasasetofcellclicommandsthatarerunviarsh).Thesecondutilityis
RestartServer(RS).RSisactuallyasetofprocessesthatisresponsibleformonitoringtheotherprocesses
andrestartingthemifnecessary.OSWatcherisalsoinstalledonthestoragecellsforcollectinghistorical
operatingsystemstatisticsusingstandardUnixutilitiessuchasvmstatandnetstat.NotethatOracle
doesnotauthorizetheinstallationofanyadditionalsoftwareonthestorageservers.

OneofthefirstthingsyouarelikelytowanttodowhenyoufirstencounterExadataistologonto
thestoragecellsandseewhat’sactuallyrunning.Unfortunately,thestorageserversaregenerallyoff-
limitstoeveryoneexceptthedesignatedsystemadministersorDBAs.Here’saquicklistingshowingthe
outputgeneratedbyapscommandonanactivestorageserver:

> ps -eo ruser,pid,ppid,cmd  
 
RUSER      PID  PPID CMD 
root     12447     1 /opt/oracle/.../cellsrv/bin/cellrssrm -ms 1 -cellsrv 1 
root     12453 12447 /opt/oracle/.../cellsrv/bin/cellrsbmt -ms 1 -cellsrv 1 
root     12454 12447 /opt/oracle/.../cellsrv/bin/cellrsmmt -ms 1 -cellsrv 1 
root     12455 12447 /opt/oracle/.../cellsrv/bin/cellrsomt -ms 1 -cellsrv 1 
root     12456 12453 /opt/oracle/.../bin/cellrsbkm  
                     -rs_conf /opt/oracle/.../cellsrv/deploy/config/cellinit.ora  
                     -ms_conf /opt/oracle/cell 
root     12457 12454 /usr/java/jdk1.5.0_15//bin/java -Xms256m -Xmx512m  
                     -Djava.library.path=/opt/oracle/.../cellsrv/lib  
                     -Ddisable.checkForUpdate=true -jar /opt/oracle/cell11.2 
root     12460 12456 /opt/oracle/.../cellsrv/bin/cellrssmt  
                     -rs_conf /opt/oracle/.../cellsrv/deploy/config/cellinit.ora  
                     -ms_conf /opt/oracle/cell 
root     12461 12455 /opt/oracle/.../cellsrv/bin/cellsrv 100 5000 9 5042 
root     12772 22479 /usr/bin/mpstat 5 720 
root     12773 22479 bzip2 --stdout 
root     17553     1 /bin/ksh ./OSWatcher.sh 15 168 bzip2 
root     20135 22478 /usr/bin/top -b -c -d 5 -n 720 
root     20136 22478 bzip2 --stdout 
root     22445 17553 /bin/ksh ./OSWatcherFM.sh 168 
root     22463 17553 /bin/ksh ./oswsub.sh HighFreq ./Exadata_vmstat.sh 
root     22464 17553 /bin/ksh ./oswsub.sh HighFreq ./Exadata_mpstat.sh 
root     22465 17553 /bin/ksh ./oswsub.sh HighFreq ./Exadata_netstat.sh 
root     22466 17553 /bin/ksh ./oswsub.sh HighFreq ./Exadata_iostat.sh 



CHAPTER1WHATISEXADATA?

17

root     22467 17553 /bin/ksh ./oswsub.sh HighFreq ./Exadata_top.sh 
root     22471 17553 /bin/bash /opt/oracle.cellos/ExadataDiagCollector.sh 
root     22472 17553 /bin/ksh ./oswsub.sh HighFreq  
                              /opt/oracle.oswatcher/osw/ExadataRdsInfo.sh 
root     22476 22463 /bin/bash ./Exadata_vmstat.sh HighFreq 
root     22477 22466 /bin/bash ./Exadata_iostat.sh HighFreq 
root     22478 22467 /bin/bash ./Exadata_top.sh HighFreq 
root     22479 22464 /bin/bash ./Exadata_mpstat.sh HighFreq 
root     22480 22465 /bin/bash ./Exadata_netstat.sh HighFreq 
root     22496 22472 /bin/bash /opt/oracle.oswatcher/osw/ExadataRdsInfo.sh HighFreq 

Soasyoucansee,thereareanumberofprocessesthatlooklikecellrsvXXX.Thesearetheprocesses
thatmakeuptheRestartServer.Alsonoticethefirstboldedprocess;thisistheJavaprogramthatwe
refertoasManagementServer.Thesecondboldedprocessiscellsrvitself.Finally,you’llseeseveral
processesassociatedwithOSWatcher.Notealsothatalltheprocessesarestartedbyroot.Whilethereare
acoupleofothersemi-privilegedaccountsonthestorageservers,itisclearlynotasystemthatissetup
foruserstologonto.

Anotherinterestingwaytolookatrelatedprocessesistousetheps –Hcommand,whichprovidesan
indentedlistofprocessesshowinghowtheyarerelatedtoeachother.Youcouldworkthisoutfor
yourselfbybuildingatreebasedontherelationshipbetweentheprocessID(PID)andparentprocessID
(PPID)inthepreviouslisting,butthe–Hoptionmakesthataloteasier.Here’saneditedsnippetof
outputfromaps –Hcommand:

cellrssrm <= main Restart Server 
   cellrsbmt  
      cellrsbkm  
         cellrssmt 
   cellrsmmt 
      java - .../oc4j/ms/j2ee/home/oc4j.jar <= Management Server 
         cellrsomt 
            cellsrv 

It’salsointerestingtoseewhatresourcesarebeingconsumedonthestorageservers.Here’sa
snippetofoutputfromtop:

top - 18:20:27 up 2 days,  2:09,  1 user,  load average: 0.07, 0.15, 0.16 
Tasks: 298 total,   1 running, 297 sleeping,   0 stopped,   0 zombie 
Cpu(s):  6.1%us,  0.6%sy,  0.0%ni, 93.30%id,  0.3%wa,  0.0%hi,  0.0%si,  0.0%st 
Mem:  24531712k total, 14250280k used, 10281432k free,   188720k buffers 
Swap:  2096376k total,        0k used,  2096376k free,   497792k cached 
 
  PID USER      PR  NI  VIRT  RES  SHR S  %CPU %MEM    TIME+  COMMAND 
12461 root      18   0 17.0g 4.5g  11m S 105.9 19.2  55:20.45 cellsrv 
    1 root      18   0 10348  748  620 S   0.0  0.0   0:02.79 init 
    2 root      RT  -5     0    0    0 S   0.0  0.0   0:00.14 migration/0 
    3 root      34  19     0    0    0 S   0.0  0.0   0:01.45 ksoftirqd/0 
    4 root      RT  -5     0    0    0 S   0.0  0.0   0:00.00 watchdog/0 

TheoutputfromtopshowsthatcellsrvisusingmorethanonefullCPUcore.Thisiscommonon
busysystemsandisduetothemulti-threadednatureofthecellsrvprocess.
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Software Architecture 
Inthissectionwe’llbrieflydiscussthekeysoftwarecomponentsandhowtheyareconnectedinthe
Exadataarchitecture.Therearecomponentsthatrunonboththedatabaseandthestoragetiers.Figure
1-3depictstheoverallarchitectureoftheExadataplatform.
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Figure 1-3. Exadata architecture diagram 
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Thetophalfofthediagramshowsthekeycomponentsononeofthedatabaseservers,whilethe
bottomhalfshowsthekeycomponentsononeofthestorageservers.Thetophalfofthediagramshould
lookprettyfamiliar,asitisstandardOracle11garchitecture.ItshowstheSystemGlobalArea(SGA),
whichcontainsthebuffercacheandthesharedpool.Italsoshowsseveralofthekeyprocesses,suchas
LogWriter(LGWR)andDatabaseWriter(DBWR).Therearemanymoreprocesses,ofcourse,andmuch
moredetailedviewsofthesharedmemorythatcouldbeprovided,butthisshouldgiveyouabasic
pictureofhowthingslookonthedatabaseserver.

Thebottomhalfofthediagramshowsthecomponentsononeofthestorageservers.The
architectureonthestorageserversisprettysimple.Thereisreallyonlyoneprocess(cellsrv)that
handlesallthecommunicationtoandfromthedatabaseservers.Therearealsoahandfulofancillary
processesformanagingandmonitoringtheenvironment.

Oneofthethingsyoumaynoticeinthearchitecturediagramisthatcellsrvusesaninit.orafile
andhasanalertlog.Infact,thestoragesoftwarebearsastrikingresemblancetoanOracledatabase.
Thisshouldn’tbetoosurprising.Thecellinit.orafilecontainsasetofparametersthatareevaluated
whencellsrvisstarted.Thealertlogisusedtowritearecordofnotableevents,muchlikeanalertlogon
anOracledatabase.NotealsothatAutomaticDiagnosticRepository(ADR)isincludedaspartofthe
storagesoftwareforcapturingandreportingdiagnosticinformation.

Alsonoticethatthereisastandaloneprocessthatisnotattachedtoanydatabaseinstance
(DISKMON),whichperformsseveraltasksrelatedtoExadataStorage.AlthoughitiscalledDISKMON,itis
reallyanetwork-andcell-monitoringprocessthatcheckstoverifythatthecellsarealive.DISKMONisalso
responsibletopropagatingDatabaseResourceManager(DBRM)planstothestorageservers.DISKMON
alsohasasingleslaveprocessperinstance,whichisresponsibleforcommunicatingbetweenASMand
thedatabaseitisresponsiblefor.

TheconnectionbetweenthedatabaseserverandthestorageserverisprovidedbytheInfiniBand
fabric.Allcommunicationbetweenthetwotiersiscarriedbythistransportmechanism.Thisincludes
writesviatheDBWRprocessesandLGWRprocessandreadscarriedoutbytheuserforeground(or
shadow)processes.

Figure1-4providesanotherviewofthearchitecture,whichfocusesonthesoftwarestackandhowit
spansmultipleserversinboththedatabasegridandthestoragegrid.
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Figure 1-4. Exadata software architecture 

Aswe’vediscussed,ASMisakeycomponent.Noticethatwehavedrawnitasanobjectthatcuts
acrossallthecommunicationlinesbetweenthetwotiers.ThisismeanttoindicatethatASMprovides
themappingbetweenthefilesandtheobjectsthatthedatabaseknowsaboutonthestoragelayer.ASM
doesnotactuallysitbetweenthestorageandthedatabase,though,anditisnotalayerinthestackthat
theprocessesmusttouchforeach“diskaccess.”

Figure1-4alsoshowstherelationshipbetweenDatabaseResourceManager(DBRM)runningon
theinstancesonthedatabaseserversandI/OResourceManager(IORM),whichisimplementedinside
cellsrvrunningonthestorageservers.

ThefinalmajorcomponentinFigure1-4isLIBCELL,whichisalibrarythatislinkedwiththeOracle
kernel.LIBCELLhasthecodethatknowshowtorequestdataviaiDB.Thisprovidesaverynonintrusive
mechanismtoallowtheOraclekerneltotalktothestoragetiervianetwork-basedcallsinsteadof
operatingsystemreadsandwrites.iDBisimplementedontopoftheReliableDatagramSockets(RDS)
protocolprovidedbytheOpenFabricsEnterpriseDistribution.Thisisalow-latency,low-CPU-overhead
protocolthatprovidesinterprocesscommunications.Youmayalsoseethisprotocolreferredtoinsome
oftheOraclemarketingmaterialastheZero-lossZero-copy(ZDP)InfiniBandprotocol.Figure1-5isa
basicschematicshowingwhytheRDSprotocolismoreefficientthanusingatraditionalTCPbased
protocollikeUDP.
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Figure 1-5. RDS schematic 

Asyoucanseefromthediagram,usingtheRDSprotocoltobypasstheTCPprocessingcutsouta
portionoftheoverheadrequiredtotransferdataacrossthenetwork.NotethattheRDSprotocolisalso
usedforinterconnecttrafficbetweenRACnodes.

Summary 
Exadataisatightlyintegratedcombinationofhardwareandsoftware.Thereisnothingmagicalabout
thehardwarecomponentsthemselves.Themajorityoftheperformancebenefitscomefromthewaythe
componentsareintegratedandthesoftwarethatisimplementedatthestoragelayer.Inthenextchapter
we’lldiveintotheoffloadingconcept,whichiswhatsetsExadataapartfromallotherplatformsthatrun
Oracledatabases.



C H A P T E R  2 
 
      

23

Offloading / Smart Scan 

OffloadingisthesecretsauceofExadata.It’swhatmakesExadatadifferentfromeveryotherplatform
thatOraclerunson.Offloadingreferstotheconceptofmovingprocessingfromthedatabaseserversto
thestoragelayer.ItisalsothekeyparadigmshiftprovidedbytheExadataplatform.Butit’smorethan
justmovingworkintermsofCPUusage.TheprimarybenefitofOffloadingisthereductioninthe
volumeofdatathatmustbereturnedtothedatabaseserver.Thisisoneofthemajorbottlenecksofmost
largedatabases.

ThetermsOffloadingandSmartScanareusedsomewhatinterchangeably.Offloadingisabetter
descriptioninouropinion,asitreferstothefactthatpartofthetraditionalSQLprocessingdonebythe
databasecanbe“offloaded”fromthedatabaselayertothestoragelayer.Itisarathergenericterm,
though,andisusedtorefertomanyoptimizationsthatarenotevenrelatedtoSQLprocessingincluding
improvingbackupandrestoreoperations.

SmartScan,ontheotherhand,isamorefocusedterm,inthatitrefersonlytoExadata’s
optimizationofSQLstatements.Theseoptimizationscomeintoplayforscanoperations(typicallyFull
TableScans).AmorespecificdefinitionofaSmartScanwouldbeanysectionoftheOraclekernelcode
thatiscoveredbytheSmartScanwaitevents.Thereareactuallytwowaiteventsthatincludetheterm
“SmartScan”intheirnames,CellSmartTableScanandCellSmartIndexScan.We’lldiscussbothof
thesewaiteventsindetailabitlater,inChapter10.Whileit’struethat“SmartScan”hasabitofa
marketingflavor,itdoeshavespecificcontextwhenreferringtothecodecoveredbythesewaitevents.
Atanyrate,whilethetermsaresomewhatinterchangeable,keepinmindthatOffloadingcanreferto
morethanjustspeedingupSQLstatementexecution.

InthischapterwewillfocusonSmartScanoptimizations.We’llcoverthevariousoptimizationsthat
cancomeintoplaywithSmartScans,themechanicsofhowtheywork,andtherequirementsthatmust
bemetforSmartScanstooccur.We’llalsocoversometechniquesthatcanbeusedtohelpyou
determinewhetherSmartScanshaveoccurredforagivenSQLstatement.Theotheroffloading
optimizationswillonlybementionedbrieflyastheyarecoveredelsewhereinthebook.

Why Offloading Is Important 
Wecan’temphasizeenoughhowimportantthisconceptis.Theideaofmovingdatabaseprocessingto
thestoragetierisagiantleapforward.Theconcepthasbeenaroundforsometime.Infact,rumorhasit
thatOracleapproachedatleastoneofthelargeSANmanufacturersseveralyearsagowiththeidea.The
manufacturerwasapparentlynotinterestedatthetimeandOracledecidedtopursuetheideaonits
own.OraclesubsequentlypartneredwithHPtobuildtheoriginalExadataV1,whichincorporatedthe
Offloadingconcept.Fast-forwardacoupleofyears,andyouhaveOracle’sacquisitionofSun
Microsystems.Thisputthecompanyinapositiontoofferanintegratedstackofhardwareandsoftware
andgivesitcompletecontroloverwhichfeaturestoincorporateintotheproduct.
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Offloadingisimportantbecauseoneofthemajorbottlenecksonlargedatabasesisthetimeittakes
totransferthelargevolumesofdatanecessarytosatisfyDW-typequeriesbetweenthedisksystemsand
thedatabaseservers(thatis,becauseofbandwidth).Thisispartlyahardwarearchitectureissue,butthe
biggerissueisthesheervolumeofdatathatismovedbytraditionalOracledatabases.TheOracle
databaseisveryfastandverycleverabouthowitprocessesdata,butforqueriesthataccessalarge
amountofdata,gettingthedatatothedatabasecanstilltakealongtime.Soasanygoodperformance
analystwoulddo,Oraclefocusedonreducingthetimespentonthethingthataccountedforthe
majorityoftheelapsedtime.Duringtheanalysis,theteamrealizedthateveryquerythatrequireddisk
accesswasveryinefficientintermsofhowmuchdatahadtobereturnedtoandprocessedbythe
databaseservers.Oraclehasmadealivingbydevelopingthebestcache-managementsoftware
available,butforreallylargedatasets,itisjustnotpracticaltokeepeverythinginmemoryonthe
databaseservers.

■KevinSays:TheauthorsmakeagoodpointbasedonahistoricalperspectiveofOraclequeryprocessing.
However,Iroutinelyfindmyselfremindingpeoplethatmoderncommodityx64serversarenolonger
architecturallyconstrainedtosmallmemoryconfigurations.Forexample,serversbasedonIntelXeon7500
processorswithQuickPathInterconnectsupportlargenumbersofmemorychannelseachwithlargenumberof
DIMMslots.Commodity-basedserverswithmultipleterabytesofmainmemoryarequitecommon.Infact,theX2-
8Exadatamodelsupportstwoterabytesofmainmemoryinthedatabasegrid,andthatcapacitywillincrease
naturallyovertime.Iexpectthisbooktoremainrelevantlongenoughforfuturereaderstolookbackonthis
commentasarcane,sincethetrendtowardextremelylargemainmemoryx64systemshasonlyjustbegun.The
importantthingtorememberaboutExadataisthatitiseverythingOracledatabaseoffersplusExadataStorage
Servers.Thispointisrelevantbecausecustomerscanchoosetocombinedeepcompression(forexample,Exadata
HybridColumnarCompression)withtheIn-MemoryParallelQueryfeatureforthosecaseswhererulingout
magneticmediaentirelyistherightsolutionformeetingservicelevels.

Imaginethefastestqueryyoucanthinkof:asinglecolumnfromasinglerowfromasingletable
whereyouactuallyknowwheretherowisstored(rowid).OnatraditionalOracledatabase,atleastone
blockofdatahastobereadintomemory(typically8K)togettheonecolumn.Let’sassumeyourtable
storesanaverageof50rowsperblock.You’vejusttransferred49extrarowstothedatabaseserverthat
aresimplyoverheadforthisquery.Multiplythatbyabillionandyoustarttogetanideaofthe
magnitudeoftheprobleminalargedatawarehouse.Eliminatingthetimespentontransferring
completelyunnecessarydatabetweenthestorageandthedatabasetieristhemainproblemthat
Exadatawasdesignedtosolve.

Offloadingistheapproachthatwasusedtosolvetheproblemofexcessivetimespentmoving
irrelevantdatabetweenthetiers.Offloadinghasthreedesigngoals,althoughtheprimarygoalfar
outweighstheothersinimportance:

• Reducethevolumeofdatatransferredfromdisksystemstothedatabaseservers.

• ReduceCPUusageondatabaseservers.

• Reducediskaccesstimesatthestoragelayer.
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Reducingthevolumewasthemainfocusandprimarygoal.Themajorityoftheoptimizations
introducedbyOffloadingcontributetothisgoal.ReducingCPUloadisimportantaswell,butisnotthe
primarybenefitprovidedbyExadataandthereforetakesabackseattoreducingthevolumeofdata
transferred.(Asyou’llsee,however,decompressionisanotableexceptiontothatgeneralization,asitis
performedonthestorageservers.)Severaloptimizationstoreducediskaccesstimewerealso
introduced,andwhilesomeoftheresultscanbequitestunning,wedon’tconsiderthemtobethe
bread-and-butteroptimizationsofExadata.

Exadataisanintegratedhardware/softwareproductthatdependsonbothcomponentstoprovide
substantialperformanceimprovementovernon-Exadataplatforms.However,theperformancebenefits
ofthesoftwarecomponentdwarfthebenefitsprovidedbythehardware.Hereisanexample:

SYS@SANDBOX> alter session set cell_offload_processing=false; 
 
Session altered. 
 
Elapsed: 00:00:00.06 
SYS@SANDBOX> select count(*) from kso.skew3 where col1 < 0; 
 
  COUNT(*) 
---------- 
         2 
 
1 row selected. 
 
Elapsed: 00:00:51.09 
SYS@SANDBOX> alter session set cell_offload_processing=true; 
 
Session altered. 
 
Elapsed: 00:00:00.07 
SYS@SANDBOX> select count(*) from kso.skew3 where col1 < 0; 
 
  COUNT(*) 
---------- 
         2 
 
1 row selected. 
 
Elapsed: 00:00:00.15 

Thisexampleshowstheperformanceofascanagainstasingletablewith384millionrows.Weranit
oncewithOffloadingdisabled,effectivelyusingallthehardwarebenefitsofExadataandnoneofthe
softwarebenefits.You’llnoticethatevenonExadatahardware,thisquerytookalmostaminute.Keepin
mindthatthiswasonlyspreadacrossthreestorageserversonourV2quarterrackanddidnotutilizethe
flashcacheatall.Wethenre-enabledOffloading,andthequerycompletedinsubstantiallylessthana
second.Obviouslythehardwareinplaywasthesameinbothexecutions.Thepointisthatit’sthe
software’sabilityviaOffloadingthatmadethedifference.
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A GENERIC VERSION OF EXADATA? 

ThetopicofbuildingagenericversionofExadatacomesupfrequently.Theideaistobuildahardware
platformthatinsomewaymimicsExadata,presumablyatalowercostthanwhatOraclechargesfor
Exadata.Ofcourse,thefocusoftheseproposalsistoreplicatethehardwarepartofExadata,becausethe
softwarecomponentcannotbereplicated.(Thisrealizationaloneshouldmakeyoustopandquestion
whetherthisapproachisevenfeasible.)Nevertheless,theideaofbuildingyourownExadatasounds
attractivebecausetheindividualhardwarecomponentscanbepurchasedforlessthanthepackageprice
Oraclecharges.Thereareafewflawswiththisthinking,however:

1. Thehardwarecomponentthattendstogetthemostattentionistheflashcache.
YoucanbuyaSANorNASwithalargecache.Themiddle-sizeExadatapackage
(1/2rack)suppliesaround2.5Terabytesofflashcacheacrossthestorage
servers.That’saprettybignumber,butwhat’scachedisasimportantasthesize
ofthecacheitself.Exadataissmartenoughnottocachedatathatisunlikelyto
benefitfromcaching.Forexample,itisnothelpfultocachemirrorcopiesof
blocks,sinceOracleonlyreadsprimarycopies(unlessacorruptionisdetected).
Oraclehasalonghistoryofwritingsoftwaretomanagecaches.Soitshouldcome
asnosurprisethatitdoesaverygoodjobofnotflushingeverythingoutwhena
largetablescanisprocessedsothatfrequentlyaccessedblockswouldtendto
remaininthecache.Theresultofthisdatabase-awarecachingisthatanormal
SANorNASwouldneedamuchlargercachetocompetewithExadata’sflash
cache.Keepinmindalsothatthevolumeofdatayouwillneedtostorewillbe
muchlargeronnon-Exadatastoragebecauseyouwon’tbeabletouseHybrid
ColumnarCompression.

2. Themoreimportantaspectofthehardware,whichoddlyenoughisoccasionally
overlookedbytheDIYproposals,isthethroughputbetweenthestorageand
databasetiers.TheExadatahardwarestackprovidesamorebalancedpathway
betweenstorageanddatabaseserversthanmostcurrentimplementations.Sothe
secondareaoffocusisgenerallythebandwidthbetweenthetiers.Increasingthe
effectivethroughputbetweenthetiersisnotassimpleasitsounds,though.
ExadataprovidestheincreasedthroughputviaInfiniBandandtheReliable
DatagramSockets(RDS)protocol.OracledevelopedtheiDBprotocoltorunacross
theInfinibandnetwork.TheiDBprotocolisnotavailabletodatabasesrunningon
non-Exadatahardware.Therefore,someothermeansforincreasingbandwidth
betweenthetiersisnecessary.SoyoucanuseIPOBona10Genetworkanduse
iSCSIorNFS,oryoucanusehigh-speedfiber-basedconnections.Inanycaseyou
willneedmultipleinterfacecardsintheservers(whichwillneedtobeattachedvia
afastbus).Thestoragedevice(ordevices)willalsohavetobecapableof
deliveringenoughoutputtomatchthepipeandconsumptioncapabilities(thisis
whatOraclemeanswhentheytalkaboutabalancedconfiguration).You’llalso
havetodecidewhichhardwarecomponentstouseandtestthewholethingto
makesurethatallthevariouspartsyoupickworkwelltogetherwithouthavinga
majorbottleneckatanypointinthepathfromdisktodatabaseserver.
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3. ThethirdcomponentthattheDIYproposalsgenerallyaddressisthedatabase
serversthemselves.TheExadatahardwarespecificationsarereadilyavailable,so
itisasimplemattertobuyexactlythesameSunmodels.Unfortunately,you’ll
needtoplanformoreCPU’ssinceyouwon’tbeabletooffloadanyprocessingto
theCPUsontheExadatastorageservers.Thisinturnwilldriveupthenumberof
Oracledatabaselicenses.

4. AssumingwecouldmatchtheExadatahardwareperformanceineveryarea,we
wouldstillnotexpecttobeablecomeclosetotheperformanceprovidedby
Exadata.That’sbecauseitisthesoftwarethatprovidesthelion’sshareofthe
performancebenefitofExadata.Thisiseasilydemonstratedbydisabling
OffloadingonExadataandrunningcomparisons.Thisallowsustoseethe
performanceofthehardwarewithoutthesoftwareenhancements.Abigpartof
whatExadatasoftwaredoesiseliminatetotallyunnecessarywork,suchas
transferringcolumnsandrowsthatwilleventuallybediscarded,backtothe
databaseservers.

AsourfriendCaryMillsaplikestosay,“Thefastestwaytodoanythingistonotdoit!”

What Offloading Includes 
TherearemanyoptimizationsthatcanbelumpedundertheOffloadingbanner.Thischapterfocuseson
SQLstatementoptimizationsthatareimplementedviaSmartScans.ThebigthreeSmartScan
optimizationsareColumnProjection,PredicateFiltering,andStorageIndexes.Theprimarygoalofmost
oftheSmartScanoptimizationsistoreducetheamountofdatathatneedstobetransmittedbacktothe
databaseserversduringscanexecution.However,someoftheoptimizationsalsoattempttooffload
CPU-intensiveoperations,decompressionforexample.Wewon’thavemuchtosayaboutoptimizations
thatarenotrelatedtoSQLstatementprocessinginthischapter,suchasSmartFileCreationandRMAN-
relatedoptimizations.Thosetopicswillbecoveredinmoredetailelsewhereinthebook.

■KevinSays:ThisaspectofOffloadProcessingseemsquitecomplicated.Theauthorsarecorrectinstatingthat
theprimarybenefitofSmartScanispayloadreductionbetweenstorageandthedatabasegrid.Andit’struethat
someCPU-offloadbenefitisenjoyedbydecompressingExadataHybridColumnarCompressionunitsinthestorage
cells.However,thereinliesonecasewhereOffloadProcessingactuallyaimstoincreasethepayloadbetweenthe
cellsandthedatabasegrid.Thetrade-offisimportant,however.ItmakessensetodecompressEHCCdatainthe
cells(afterfiltration)inspiteofthefactthatmoredataissenttothedatabasegridduetothedecompression.All
technologysolutionshavetrade-offs.

ColumnProjection
ThetermColumn ProjectionreferstoExadata’sabilitytolimitthevolumeofdatatransferredbetween
thestoragetierandthedatabasetierbyonlyreturningcolumnsofinterest(thatis,thoseintheselectlist
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ornecessaryforjoinoperationsonthedatabasetier).Ifyourqueryrequestsfivecolumnsfroma100-
columntable,Exadatacaneliminatemostofthedatathatwouldbereturnedtothedatabaseserversby
non-Exadatastorage.Thisfeatureisamuchbiggerdealthanyoumightexpectanditcanhaveavery
significantimpactonresponsetimes.Hereisanexample:

SYS@SANDBOX1> alter system flush shared_pool; 
 
System altered. 
 
Elapsed: 00:00:00.12 
SYS@SANDBOX1> alter system flush buffer_cache; 
 
System altered. 
 
Elapsed: 00:00:00.13 
SYS@SANDBOX1> alter session set "_serial_direct_read"=true; 
 
Session altered. 
 
Elapsed: 00:00:00.00 
SYS@SANDBOX1> alter session set cell_offload_processing=false; 
 
Session altered. 
 
Elapsed: 00:00:00.01 
SYS@SANDBOX1> select count(col1) from kso.skew3; 
 
COUNT(COL1) 
----------- 
  384000044 
 
1 row selected. 
 
Elapsed: 00:00:51.32 
SYS@SANDBOX1> alter session set cell_offload_processing=true; 
 
Session altered. 
 
Elapsed: 00:00:00.00 
SYS@SANDBOX1> select count(col1) from kso.skew3; 
 
COUNT(COL1) 
----------- 
  384000044 
 
1 row selected. 
 
Elapsed: 00:00:26.27 

Thisexampledeservesalittlediscussion.Firstweusedatricktoforcedirectpathreadswiththe
_SERIAL_DIRECT_READparameter(moreonthatlater).NextwedisabledSmartScansbysetting
CELL_OFFLOAD_PROCESSINGtoFALSE.Youcanseethatourtestquerydoesn’thaveaWHEREclause.This

3
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meansthatPredicateFilteringandStorageIndexescannotbeusedtocutdownthevolumeofdatathat
mustbetransferredfromthestoragetier,becausethosetwooptimizationscanonlybedonewhenthere
isaWHEREclause(we’lldiscussthoseoptimizationsshortly).ThatleavesColumnProjectionastheonly
optimizationinplay.AreyousurprisedthatColumnProjectionalonecouldcutaquery’sresponsetime
inhalf?Wewere,thefirsttimewesawit,butitmakessenseifyouthinkaboutit.Youshouldbeaware
thatcolumnsintheselectlistarenottheonlycolumnsthatmustbereturnedtothedatabaseserver.
Thisisaverycommonmisconception.JoincolumnsintheWHEREclausemustalsobereturned.Asa
matteroffact,inearlyversionsofExadata,theColumnProjectionfeaturewasnotaseffectiveasitcould
havebeenandactuallyreturnedallthecolumnsincludedintheWHEREclause,whichinmanycases
includedsomeunnecessarycolumns.

TheDBMS_XPLANpackagecandisplayinformationaboutcolumnprojection,althoughbydefaultit
doesnot.TheprojectiondataisstoredinthePROJECTIONcolumnintheV$SQL_PLANviewaswell.Hereis
anexample:

SYS@SANDBOX> select count(s.col1),avg(length(s.col4)) 
  2  from kso.skew s, kso.skew2 s2 
  3  where s.pk_col = s2.pk_col 
  4  and s.col1 > 0 
  5  and s.col2='asddsadasd'; 
 
COUNT(S.COL1) AVG(LENGTH(S.COL4)) 
------------- ------------------- 
    127999992                   1 
 
1 row selected. 
 
SYS@SANDBOX> select sql_id, child_number, sql_text 
  2  from v$sql where sql_text like '%skew%'; 
 
SQL_ID         CHILD SQL_TEXT 
------------- ------ -------------------------------------------------------------- 
8xa3wjh48b9ar      0 select count(s.col1),avg(length(s.col4)) from kso.skew s, kso. 
 
1 row selected. 
 
SYS@SANDBOX> select * from 
  2 table(dbms_xplan.display_cursor('&sql_id','&child_no','+projection')); 
Enter value for sql_id: 8xa3wjh48b9ar 
Enter value for child_no: 
 
PLAN_TABLE_OUTPUT 
------------------------------------------------------------------------------ 
SQL_ID  8xa3wjh48b9ar, child number 0 
------------------------------------- 
select count(s.col1),avg(length(s.col4)) from kso.skew s, kso.skew2 s2 
where s.pk_col = s2.pk_col and s.col1 > 0 and s.col2='asddsadasd' 
 
Plan hash value: 3361152066 
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------------------------------------------------------------------------------------------- 
| Id  | Operation                   | Name | Rows | Bytes |TempSpc| Cost (%CPU)| Time     | 
------------------------------------------------------------------------------------------- 
|   0 | SELECT STATEMENT            |      |      |       |       |   360K(100)|          | 
|   1 |  SORT AGGREGATE             |      |    1 |    30 |       |            |          | 
|*  2 |   HASH JOIN                 |      |   64M|  1836M|   549M|   360K  (1)| 01:12:02 | 
|*  3 |    TABLE ACCESS STORAGE FULL| SKEW |   16M|   366M|       | 44585   (2)| 00:08:56 | 
|   4 |    TABLE ACCESS STORAGE FULL| SKEW2|  128M|   732M|       |   178K  (1)| 00:35:37 | 
------------------------------------------------------------------------------------------- 
 
Predicate Information (identified by operation id): 
--------------------------------------------------- 
 
   2 - access("S"."PK_COL"="S2"."PK_COL") 
   3 - storage(("S"."COL2"='asddsadasd' AND "S"."COL1">0)) 
       filter(("S"."COL2"='asddsadasd' AND "S"."COL1">0)) 
 
Column Projection Information (identified by operation id): 
----------------------------------------------------------- 
 
   1 - (#keys=0) COUNT(LENGTH("S"."COL4"))[22], COUNT("S"."COL1")[22], 
       SUM(LENGTH("S"."COL4"))[22] 
   2 - (#keys=1) "S"."COL4"[VARCHAR2,1], "S"."COL1"[NUMBER,22] 
   3 - "S"."PK_COL"[NUMBER,22], "S"."COL1"[NUMBER,22], "S"."COL4"[VARCHAR2,1] 
   4 - "S2"."PK_COL"[NUMBER,22] 
 
 
33 rows selected. 
 
SYS@SANDBOX> select projection from v$sql_plan 
  2  where projection is not null 
  3  and sql_id = '8xa3wjh48b9ar'; 
 
PROJECTION 
------------------------------------------------------------------------------------------- 
(#keys=0) COUNT(LENGTH("S"."COL4"))[22], COUNT("S"."COL1")[22], SUM(LENGTH("S"."COL4"))[22] 
(#keys=1) "S"."COL4"[VARCHAR2,1], "S"."COL1"[NUMBER,22] 
"S"."PK_COL"[NUMBER,22], "S"."COL1"[NUMBER,22], "S"."COL4"[VARCHAR2,1] 
"S2"."PK_COL"[NUMBER,22] 
 
4 rows selected. 

Soasyoucansee,theplanoutputshowstheprojectioninformation,butonlyifyouusethe
+PROJECTIONargumentinthecalltotheDBMS_XPLANpackage.NotealsothatthePK_COLcolumnsfrom
bothtableswerelistedinthePROJECTIONsection,butthatnotallcolumnsintheWHEREclauseare
included.Onlythosecolumnsthatneedtobereturnedtothedatabase(joincolumns)shouldbelisted.
NotealsothattheprojectioninformationisnotuniquetoExadatabutisagenericpartofthedatabase
code.

TheV$SQLfamilyofviewscontaincolumnsthatdefinethevolumeofdatathatmaybesavedby
Offloading(IO_CELL_OFFLOAD_ELIGIBLE_BYTES)andthevolumeofdatathatwasactuallyreturnedbythe
storageservers(IO_INTERCONNECT_BYTES).Notethatthesecolumnsarecumulativeforalltheexecutions
ofthestatement.We’llbeusingthesetwocolumnsthroughoutthebookbecausetheyarekeyindicators
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ofoffloadprocessing.Here’saquickdemonstrationtoshowthatprojectiondoesaffecttheamountof
datareturnedtothedatabaseserversandthatselectingfewercolumnsresultsinlessdatatransferred:

SYS@SANDBOX> select /* single col */ avg(pk_col) 
  2  from kso.skew3; 
 
AVG(PK_COL) 
----------- 
 16093750.3 
 
1 row selected. 
 
Elapsed: 00:00:32.13 
 
SYS@SANDBOX> select /* multi col */ avg(pk_col),sum(col1) 
  2  from kso.skew3; 
 
AVG(PK_COL)  SUM(COL1) 
----------- ---------- 
 16093750.3 1.9003E+14 
 
1 row selected. 
 
Elapsed: 00:00:45.32 
SYS@SANDBOX> set timing off 
SYS@SANDBOX> select sql_id,sql_text from v$sql 
  2  where sql_text like '%col */ avg(pk_col)%'; 
 
SQL_ID        SQL_TEXT 
------------- ---------------------------------------------------------------------- 
bb3z4aaa9du7j select /* single col */ avg(pk_col) from kso.skew3 
555pskb8aaqct select /* multi col */ avg(pk_col),sum(col1) from kso.skew3 
 
2 rows selected. 
 
SYS@SANDBOX> select sql_id, IO_CELL_OFFLOAD_ELIGIBLE_BYTES eligible, 
  2  IO_INTERCONNECT_BYTES actual, 
  3  100*(IO_CELL_OFFLOAD_ELIGIBLE_BYTES-IO_INTERCONNECT_BYTES) 
  4  /IO_CELL_OFFLOAD_ELIGIBLE_BYTES "IO_SAVED_%", sql_text 
  5  from v$sql where sql_id in ('bb3z4aaa9du7j','555pskb8aaqct'); 
 
SQL_ID          ELIGIBLE     ACTUAL IO_SAVED_% SQL_TEXT 
------------- ---------- ---------- ---------- ------------------------------------ 
bb3z4aaa9du7j 1.6025E+10 4511552296      71.85 select /* single col */ avg(pk_col) 
555pskb8aaqct 1.6025E+10 6421233960      59.93 select /* multi col */ avg(pk_col),s 
 
2 rows selected. 
 
SYS@SANDBOX> @fsx4 
Enter value for sql_text: %col */ avg(pk_col)% 
Enter value for sql_id: 
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SQL_ID         CHILD OFFLOAD IO_SAVED_%     AVG_ETIME SQL_TEXT 
------------- ------ ------- ---------- ------------- -------------------- 
6u7v77c2f8x5r      0 Yes          59.93         45.15 select /* multi col 
d43dr7hvmw3yb      0 Yes          71.85         31.94 select /* single col 
 
2 rows selected. 

Notethattheextracolumnresultedinagreatdealofextratimerequiredtocompletethequeryand
thatthecolumnsinV$SQLverifiedtheincreasedvolumeofdatathathadtobetransferred.We’vealso
showntheoutputofamodifiedversionofthefsx.sqlscript,whichwe’lldiscussinmoredetaillaterin
thischapter.Fornow,pleasejustacceptthatitshowsuswhetherastatementwasoffloadedornot.

PredicateFiltering
ThesecondofthebigthreeSmartScanoptimizationsisPredicate Filtering.ThistermreferstoExadata’s
abilitytoreturnonlyrowsofinteresttothedatabasetier.SinceiDBincludesthepredicateinformation
initsrequests,thisisaccomplishedbyperformingthestandardfilteringoperationsatthestoragecells
beforereturningthedata.Ondatabasesusingnon-Exadatastorage,filteringisdoneonthedatabase
servers.Thisgenerallymeansthatalargenumberofrecordsthatwilleventuallybediscardedwillbe
returnedtothedatabasetier.Filteringtheserowsatthestoragelayercanprovideaverysignificant
decreaseinthevolumeofdatathatmustbetransferredtothedatabasetier.Whilethisoptimizationalso
resultsinsomesavingsinCPUusageonthedatabaseservers,thebiggestadvantageisgenerallythe
reductionindatatransfer.

Hereisanexample:

SYS@SANDBOX> alter session set cell_offload_processing=false; 
 
Session altered. 
 
Elapsed: 00:00:00.01 
SYS@SANDBOX> select count(pk_col) from kso.skew3; 
 
COUNT(PK_COL) 
------------- 
    384000036 
 
Elapsed: 00:00:48.45 
SYS@SANDBOX> alter session set cell_offload_processing=true; 
 
Session altered. 
 
Elapsed: 00:00:00.01 
SYS@SANDBOX> select count(pk_col) from kso.skew3; 
 
COUNT(PK_COL) 
------------- 
    384000036 
 
Elapsed: 00:00:26.61 
SYS@SANDBOX> -- disable storage indexes 
SYS@SANDBOX> alter system set "_kcfis_storageidx_disabled"=true; 
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System altered. 

Elapsed: 00:00:00.17 
SYS@SANDBOX> select count(pk_col) from kso.skew3 where col1 < 0; 

COUNT(PK_COL)
------------- 
            2 

Elapsed: 00:00:08.53 

FirstwecompletelydisabledOffloadingusingtheCELL_OFFLOAD_PROCESSINGparameterandrana
querywithoutaWHEREclause.WithoutthebenefitofOffloadingthisquerytookabout48seconds.We
thenenabledOffloadingandre-ranthequery.Thistimethequerytookonlyabout27seconds.The
savingsofapproximately21secondswasduestrictlytoColumnProjection(becausewithoutaWHERE
clauseforfiltering,therewerenootheroptimizationsthatcouldcomeintoplay).Wethenusedatrickto
disablestorageindexesbysettingthehiddenparameter,_KCFIS_STORAGEIDX_DISABLED,toTRUE(we’ll
discussthatmoreinthenextsection)andaddedaWHEREclause,whichreducedtheexecutiontimeto
about9seconds.Thisreductionofanadditional18secondsorsowasthankstoPredicateFiltering.Note
thatwehadtodisablestorageindexestobesurethatweweren’tgettinganybenefitfromthat
optimizationandthatalltheimprovementwasduetoPredicateFiltering,whichbringsustothenext
topic.

StorageIndexes
StorageIndexesprovidethethirdlevelofoptimizationforSmartScans.StorageIndexesarein-memory
structuresonthestoragecellsthatmaintainamaximumandminimumvalueforeach1MBdiskstorage
unit,foruptoeightcolumnsofatable.StorageIndexesarealittledifferentthanmostSmartScan
optimizations.ThegoalofStorageIndexesisnottoreducetheamountofdatabeingtransferredbackto
thedatabasetier.Infact,whethertheyareusedonagivenqueryornot,theamountofdatareturnedto
thedatabasetierremainsconstant.Onthecontrary,StorageIndexesaredesignedtoeliminatetime
spentreadingdatafromdiskonthestorageserversthemselves.Thinkofthisfeatureasapre-filter.Since
SmartScanspassthequerypredicatestothestorageservers,andStorageIndexescontainamapof
valuesineach1MBstorageregion,anyregionthatcan’tpossiblycontainamatchingrowcanbe
eliminatedwithouteverbeingread.YoucanalsothinkofStorageIndexesasanalternatepartitioning
mechanism.DiskI/Oiseliminatedinanalogousfashiontopartitionelimination.Ifapartitioncan’t
containanyrecordsofinterest,thepartition’sblockswillnotberead.Similarly,ifastorageregion
cannotcontainanyrecordsofinterest,thatstorageregionneednotberead.

StorageIndexescannotbeusedinallcases,andthereislittlethatcanbedonetoaffectwhenorhow
theyareused.Butintherightsituations,theresultsfromthisoptimizationtechniquecanbe
astounding.

Hereisanexample:

SYS@SANDBOX> -- disable storage indexes 
SYS@SANDBOX> alter system set "_kcfis_storageidx_disabled"=true; 

System altered. 

Elapsed: 00:00:00.22 
SYS@SANDBOX> select count(pk_col) from kso.skew3 where col1 < 0; 
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COUNT(PK_COL) 
------------- 
            2 
 
Elapsed: 00:00:08.74 
SYS@SANDBOX> -- enable storage indexes 
SYS@SANDBOX> alter system set "_kcfis_storageidx_disabled"=false; 
 
System altered. 
 
Elapsed: 00:00:00.03 
SYS@SANDBOX> select count(pk_col) from kso.skew3 where col1 < 0; 
 
COUNT(PK_COL) 
------------- 
            2 
 
Elapsed: 00:00:00.08 

Inthisexamplewedisabledstorageindexes(usingthe_KCFIS_STORAGEIDX_DISABLEDparameter)to
remindyouoftheelapsedtimerequiredtoreadthrough384millionrowsusingColumnProjectionand
PredicateFiltering.Rememberthateventhoughtheamountofdatareturnedtothedatabasetieris
extremelysmallinthiscase,thestorageserversstillhadtoreadthrougheveryblockcontainingdatafor
theSKEW3tableandthenhadtocheckeachrowtoseeifitmatchedtheWHEREclause.Thisiswherethe
majorityofthe8secondswasspent.Wethenre-enabledstorageindexesandreranthequery,which
reducedtheexecutiontimetoabout.08seconds.Thisreductioninelapsedtimeisaresultofstorage
indexesbeingusedtoavoidvirtuallyallofthediskI/Oandthetimespentfilteringthroughthose
records.

Justtoreiterate,ColumnProjectionandPredicateFiltering(andmostotherSmartScan
optimizations)improveperformancebyreducingthevolumeofdatabeingtransferredbacktothe
databaseservers(andthustheamountoftimetotransferthedata).StorageIndexesimprove
performancebyeliminatingtimespentreadingdatafromdiskonthestorageserversandfilteringthat
data.StorageIndexesarecoveredinmuchmoredetailinChapter4.

SimpleJoins(BloomFilters)
Insomecases,joinprocessingcanbeoffloadedtothestoragetieraswell.Offloadedjoinsare
accomplishedbycreatingwhatiscalledabloom filter.Bloomfiltershavebeenaroundforalongtime
andhavebeenusedbyOraclesinceOracleDatabaseVersion10gRelease2.Sotheyarenotspecificto
Exadata.OneofthemainwaysOracleusesthemistoreducetrafficbetweenparallelqueryslaves.They
havetheadvantageofbeingverysmallrelativetothedatasetthattheyrepresent.However,thiscomes
ataprice—theycanreturnfalsepositives.Thatis,rowsthatshouldnotbeincludedinthedesiredresult
setcanoccasionallypassabloomfilter.Forthatreason,anadditionalfiltermustbeappliedafterthe
bloomfiltertoensurethatanyfalsepositivesareeliminated.Theinterestingthingaboutbloomfilters
fromanExadataperspectiveisthattheymaybepassedtothestorageserversandevaluatedthere.This
techniquecanresultinalargedecreaseinthevolumeofdatathatmustbetransmittedbacktodatabase
servers.

Here’sanexample:



CHAPTER2OFFLOADING/SMARTSCAN

35

SYS@SANDBOX> -- disable bloom filter offloading 
SYS@SANDBOX> alter session set "_bloom_predicate_pushdown_to_storage"=false; 
 
Session altered. 
 
Elapsed: 00:00:00.82 
SYS@SANDBOX> @bloom_join2.sql 
 
COL2                           SUM(A.COL1) 
------------------------------ ----------- 
2342                                   144 
asddsadasd                       153598416 
 
2 rows selected. 
 
Elapsed: 00:11:39.39 
SYS@SANDBOX> -- enable bloom filter offloading 
SYS@SANDBOX> alter session set "_bloom_predicate_pushdown_to_storage"=true; 
 
Session altered. 
 
Elapsed: 00:00:00.82 
SYS@SANDBOX> @bloom_join2.sql 
 
COL2                           SUM(A.COL1) 
------------------------------ ----------- 
asddsadasd                       153598416 
2342                                   144 
 
2 rows selected. 
 
Elapsed: 00:02:06.13 
 
SYS@SANDBOX> @dplan 
Enter value for sql_id: 09m6t5qpgkywx 
Enter value for child_no: 0 
 
PLAN_TABLE_OUTPUT 
----------------------------------------------------------------------------------------- 
SQL_ID  09m6t5qpgkywx, child number 0 
------------------------------------- 
select /*+ bloom join 2  use_hash (skew temp_skew) */ a.col2, 
sum(a.col1) from kso.skew3 a, kso.skew2 b where a.pk_col = b.pk_col and 
b.col1 = 1 group by a.col2 
 
Plan hash value: 466947137 
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----------------------------------------------------------------------------------------- 
| Id  | Operation                             | Name       |    TQ  |IN-OUT| PQ Distrib | 
----------------------------------------------------------------------------------------- 
|   0 | SELECT STATEMENT                      |            |        |      |            | 
|   1 |  PX COORDINATOR                       |            |        |      |            | 
|   2 |   PX SEND QC (RANDOM)                 | :TQ10002   |  Q1,02 | P->S | QC (RAND)  | 
|   3 |    HASH GROUP BY                      |            |  Q1,02 | PCWP |            | 
|   4 |     PX RECEIVE                        |            |  Q1,02 | PCWP |            | 
|   5 |      PX SEND HASH                     | :TQ10001   |  Q1,01 | P->P | HASH       | 
|   6 |       HASH GROUP BY                   |            |  Q1,01 | PCWP |            | 
|*  7 |        HASH JOIN                      |            |  Q1,01 | PCWP |            | 
|   8 |         BUFFER SORT                   |            |  Q1,01 | PCWC |            | 
|   9 |          PX RECEIVE                   |            |  Q1,01 | PCWP |            | 
|  10 |           PX SEND BROADCAST           | :TQ10000   |        | S->P | BROADCAST  | 
|  11 |            TABLE ACCESS BY INDEX ROWID| SKEW2      |        |      |            | 
|* 12 |             INDEX RANGE SCAN          | SKEW2_COL1 |        |      |            | 
|  13 |         PX BLOCK ITERATOR             |            |  Q1,01 | PCWC |            | 
|* 14 |          TABLE ACCESS STORAGE FULL    | SKEW3      |  Q1,01 | PCWP |            | 
----------------------------------------------------------------------------------------- 
 
Predicate Information (identified by operation id): 
--------------------------------------------------- 
 
   7 - access("A"."PK_COL"="B"."PK_COL") 
  12 - access("B"."COL1"=1) 
  14 - storage(:Z>=:Z AND :Z<=:Z) 
       filter(SYS_OP_BLOOM_FILTER(:BF0000,"A"."PK_COL")) 
 
 
36 rows selected. 
 
SYS@SANDBOX> @dplan 
Enter value for sql_id: 09m6t5qpgkywx 
Enter value for child_no: 1 
 
PLAN_TABLE_OUTPUT 
----------------------------------------------------------------------------------------- 
SQL_ID  09m6t5qpgkywx, child number 1 
------------------------------------- 
select /*+ bloom join 2  use_hash (skew temp_skew) */ a.col2, 
sum(a.col1) from kso.skew3 a, kso.skew2 b where a.pk_col = b.pk_col and 
b.col1 = 1 group by a.col2 
 
Plan hash value: 466947137 
 
 
----------------------------------------------------------------------------------------- 
| Id  | Operation                             | Name       |    TQ  |IN-OUT| PQ Distrib | 
----------------------------------------------------------------------------------------- 
|   0 | SELECT STATEMENT                      |            |        |      |            | 
|   1 |  PX COORDINATOR                       |            |        |      |            | 
|   2 |   PX SEND QC (RANDOM)                 | :TQ10002   |  Q1,02 | P->S | QC (RAND)  | 
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|   3 |    HASH GROUP BY                      |            |  Q1,02 | PCWP |            | 
|   4 |     PX RECEIVE                        |            |  Q1,02 | PCWP |            | 
|   5 |      PX SEND HASH                     | :TQ10001   |  Q1,01 | P->P | HASH       | 
|   6 |       HASH GROUP BY                   |            |  Q1,01 | PCWP |            | 
|*  7 |        HASH JOIN                      |            |  Q1,01 | PCWP |            | 
|   8 |         BUFFER SORT                   |            |  Q1,01 | PCWC |            | 
|   9 |          PX RECEIVE                   |            |  Q1,01 | PCWP |            | 
|  10 |           PX SEND BROADCAST           | :TQ10000   |        | S->P | BROADCAST  | 
|  11 |            TABLE ACCESS BY INDEX ROWID| SKEW2      |        |      |            | 
|* 12 |             INDEX RANGE SCAN          | SKEW2_COL1 |        |      |            | 
|  13 |         PX BLOCK ITERATOR             |            |  Q1,01 | PCWC |            | 
|* 14 |          TABLE ACCESS STORAGE FULL    | SKEW3      |  Q1,01 | PCWP |            | 
----------------------------------------------------------------------------------------- 
 
Predicate Information (identified by operation id): 
--------------------------------------------------- 
 
   7 - access("A"."PK_COL"="B"."PK_COL") 
  12 - access("B"."COL1"=1) 
  14 - storage(:Z>=:Z AND :Z<=:Z AND SYS_OP_BLOOM_FILTER(:BF0000,"A"."PK_COL")) 
       filter(SYS_OP_BLOOM_FILTER(:BF0000,"A"."PK_COL")) 
 
 
36 rows selected. 

Inthislistingweusedahiddenparameter,_BLOOM_PREDICATE_PUSHDOWN_TO_STORAGE,todisablethis
featureforcomparisonpurposes.Noticethatourtestqueryraninabout2minuteswithOffloadingand
11.5minuteswithout.IfyoulookcloselyatthePredicateInformationoftheplans,youwillseethatthe
SYS_OP_BLOOM_FILTER(:BF0000,"A"."PK_COL")predicatewasrunonthestorageserversforthesecond
run.Theoffloadedversionranfasterbecausethestorageserverswereabletopre-jointhetables,which
eliminatedalargeamountofdatathatwouldotherwisehavebeentransferredbacktothedatabase
servers.

FunctionOffloading
Oracle’simplementationofSQLincludesmanybuilt-inSQLfunctions.Thesefunctionscanbeused
directlyinSQLstatements.Theymaybedividedintotwomaingroups:single-rowfunctionsandmulti-
rowfunctions.Single-rowfunctionsreturnasingleresultrowforeveryrowofaqueriedtable.These
singlerowfunctionscanbefurthersubdividedintothefollowinggeneralcategories:

• Numericfunctions(SIN,COS,FLOOR,MOD,LOG,…)

• Characterfunctions(CHR,LPAD,REPLACE,TRIM,UPPER,LENGTH,…)

• Datetimefunctions(ADD_MONTHS,TO_CHAR,TRUNC,…)

• Conversionfunctions(CAST,HEXTORAW,TO_CHAR,TO_DATE,…)

Virtuallyallofthesesingle-rowfunctionscanbeoffloadedtoExadatastorage.Thesecondmajor
groupofSQLfunctionsoperateonasetofrows.Therearetwosubgroupsinthismulti-rowfunction
category:
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• Aggregatefunctions(AVG,COUNT,SUM,…)

• Analyticfunctions(AVG,COUNT,DENSE_RANK,LAG,…)

Thesefunctionsreturneitherasinglerow(aggregatefunctions)ormultiplerows(analytic
functions).Notethatsomeofthefunctionsareoverloadedandbelongtobothgroups.Noneofthese
functionscanbeoffloadedtoExadata.Whichmakessense,becausemanyofthesefunctionsrequire
accesstotheentiresetofrows,whichindividualstoragecellsdonothave.

Therearesomeadditionalfunctionsthatdon’tfallneatlyintoanyofthepreviouslydescribed
groupings.ThesefunctionsareamixedbagintermsofOffloading.Forexample,DECODEandNVLare
offloadable,buttheXMLfunctionsarenot.SomeoftheDataMiningfunctionsareoffloadableandsome
arenot.Alsokeepinmindthatthelistofoffloadablefunctionsmaychangeasnewerversionsare
released.Thedefinitivelistofwhichfunctionsareoffloadableforyourparticularversioniscontainedin
V$SQLFN_METADATA.

SYS@SANDBOX> select distinct name, version, offloadable 
  2  from V$SQLFN_METADATA 
  3  order by 1,2; 
 
NAME                           VERSION      OFF 
------------------------------ ------------ --- 
!=                             SQL/DS       YES 
!=                             V6 Oracle    YES 
<                              SQL/DS       YES 
<                              V6 Oracle    YES 
<=                             SQL/DS       YES 
<=                             V6 Oracle    YES 
=                              SQL/DS       YES 
=                              V6 Oracle    YES 
>                              SQL/DS       YES 
>                              V6 Oracle    YES 
>=                             SQL/DS       YES 
>=                             V6 Oracle    YES 
ABS                            V10 Oracle   YES 
ABS                            V10 Oracle   YES 
ABS                            V6 Oracle    YES 
ACOS                           V10 Oracle   YES 
ACOS                           V73 Oracle   YES 
. . . 
VSIZE                          V6 Oracle    YES 
WIDTH_BUCKET                   V82 Oracle   NO 
XMLCAST                        V11R1 Oracle NO 
XMLCDATA                       V10 Oracle   NO 
XMLCOMMENT                     V10 Oracle   NO 
XMLCONCAT                      V92 Oracle   NO 
XMLDIFF                        V11R1 Oracle NO 
XMLEXISTS2                     V11R1 Oracle NO 
XMLISNODE                      V92 Oracle   NO 
XMLISVALID                     V92 Oracle   NO 
XMLPATCH                       V11R1 Oracle NO 
XMLQUERY                       V10 Oracle   NO 
XMLTOOBJECT                    V11R1 Oracle NO 
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XMLTRANSFORM                   V92 Oracle   NO 
XMLTRANSFORMBLOB               V10 Oracle   NO 
XS_SYS_CONTEXT                 V11R1 Oracle NO 
 
921 rows selected. 

Offloadingfunctionsdoesallowthestoragecellstodosomeoftheworkthatwouldnormallybe
donebytheCPUsonthedatabaseservers.However,thesavinginCPUusageisgenerallyarelatively
minorenhancement.Thebiggainusuallycomesfromlimitingtheamountofdatatransferredbackto
thedatabaseservers.BeingabletoevaluatefunctionscontainedinWHEREclausesallowsstoragecellsto
sendonlyrowsofinterestbacktothedatabasetier.SoaswithmostOffloading,theprimarygoalofthis
optimizationistoreducetheamountoftrafficbetweenthestorageanddatabasetiers.

Compression/Decompression
OneExadatafeaturethathasreceivedquiteabitofattentionisHybridColumnarCompression(HCC).
ExadataoffloadsthedecompressionofdatastoredinHCCformatduringSmartScanoperations.Thatis,
columnsofinterestaredecompressedonthestoragecellswhenthecompresseddataisaccessedvia
SmartScans.Thisdecompressionisnotnecessaryforfiltering,soonlythedatathatwillbereturnedto
thedatabasetierwillbedecompressed.Notethatallcompressioniscurrentlydoneatthedatabasetier,
however.DecompressionmayalsobedoneatthedatabasetierwhendataisnotaccessedviaaSmart
Scan.Sotomakeitsimple,Table2-1showswheretheworkisdone.

Table 2-1. HCC  Compression/Decompression Offloading 

Operation Database Servers Storage Servers 

CompressionAlwa ys Never

Decompression Non-SmartScan SmartScan


DecompressingdataatthestoragetierrunscountertothethemeofmostoftheotherSmartScan

optimizations.Mostofthemaregearedtoreducingthevolumeofdatatobetransportedbacktothe
databaseservers.BecausedecompressionissuchaCPU-intensivetask,particularlywiththehigher
levelsofcompression,thedecisionwasmadetodothedecompressiononthestorageservers.This
decisionisnotbelockedinstone,however,asinsomesituationstheremaybeampleCPUresources
availabletomakedecompressingdataonthedatabaseserversanattractiveoption(thatis,insome
situationsthereductionindatatobeshippedmayoutweighthereductionindatabaseserverCPU
consumption).Infact,asofcellsrvversion11.2.2.3.1,Exadatadoeshavetheabilitytoreturncompressed
datatothedatabaseserverswhenthestoragecellsarebusy.



CHAPTER2OFFLOADING/SMARTSCAN

40

KevinSays:Theauthorsarecorrecttosurmisethatthedelineationofresponsibilitybetweenthedatabasegrid
andthestoragegridarequitefluid—atleastfromanarchitecturalstandpoint.Allowmetoexplain.DuringSmart
Scanprocessing,ExadataStorageServersoftwareperformsoffloadprocessing(suchasfiltration,projection,and
decompressionofEHCCdata)on1MBchunksofdata.IntrueSmartScanform,theproductofSmartScan(filtered
andprojecteddata)flowsoveriDBintothePGAoftherequestingprocessinthedatabasegrid.However,there
havealwaysbeenconditionswhereSmartScanisforcedtohaltintelligentprocessingwithinoneofthese1MB
chunksandreturndatainoriginalblockform.OnesuchcaseiswhenSmartScanencountersachainedrow
duringfiltration.Onlythedatabasegridcandeterminethelocationoftheblockthatcontainsthechainedrow.
Evenifcellsweregiventheintelligencetodeterminethelocaleofthechainedrow,itwouldmostlikelynotbeon
thesamecell;andcellshavenodirectcommunicationpathsamongthemselves,anyway.So,withthisexamplein
mind,itiseasytoseethatSmartScancanreverttoablockserverwhenitneedsto.Forthatmatter,SmartScan
canreverttoablockserverwhenitwants to.Iexpecttheshelf-lifeofthisbooktooutlivesomeoftherigid
descriptionswe’vegivenregardingrolesandthedelineationofresponsibilitiesbetweenthedatabasegridandthe
storagegridoftheExadataDatabaseMachine.Considerascenariowherethecellsareservicingamoderately
selectivequeryofminimalcomplexity(forexample,fewornojoins,andlightaggregationandsorting)against
deeplycompresseddata.Giventheseparameters,theprocessorutilizationwouldskewheavilytowardthestorage
grid,asthecostoffiltering,projecting,anddecompressingthedataismuchgreaterthantheeffortbeing
expendedinthedatabasegrid.WeknowSmartScancanreverttoablockserverwhenitneedsto.ThescenarioI
justdescribedmayindeedbeacasewhenSmartScanwouldwanttoreverttoblockserverforatleastsomeofits
payload.Indeed,it’sbetternottobrokerworktofullysaturatedprocessorsifthereareotherprocessorsnearidle.

Bytheway,thereisahiddenparameterthatcontrolswhetherdecompressionwillbeoffloadedat
all.Unfortunately,itdoesn’tjustmovethedecompressionbackandforthbetweenthestorageand
databasetiers.Ifthe_CELL_OFFLOAD_HYBRIDCOLUMNARparameterissettoavalueofFALSE,SmartScanswill
becompletelydisabledonHCCdata.

Encryption/Decryption
Encryptionanddecryptionarehandledinamannerverysimilartocompressionanddecompressionof
HCCdata.Encryptionisalwaysdoneatthedatabasetier,whiledecryptioncanbedonebythestorage
serversorbythedatabaseservers.WhenencrypteddataisaccessedviaSmartScan,itisdecryptedon
thestorageservers.Otherwise,itisdecryptedonthedatabaseservers.NotethattheX2-2andx2-8
platformsbothuseIntelXeonWestmerechipsinthestorageservers(X2-2usesthesamechipsinthe
databaseservers,bytheway).Thesechipscontainaspecialinstructionset(IntelAES-NI)thateffectively
addsahardwareboosttoprocessesdoingencryptionordecryption.NotethatOracleDatabaseRelease
11.2.0.2isnecessarytotakeadvantageofthenewinstructionset.

EncryptionandHCCcompressionworkwelltogether.Sincecompressionisdonefirst,thereisless
workneededforprocessesdoingencryptionanddecryptiononHCCdata.Notethatthe
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CELL_OFFLOAD_DECRYPTIONparametercontrolsthisbehavior,andthatasitdoeswiththehidden
parameter_CELL_OFFLOAD_HYBRIDCOLUMNAR,settingtheparametertoavalueofFALSEcompletelydisables
SmartScansonencrypteddata,whichalsodisablesdecryptionatthestoragelayer.

VirtualColumns
Virtual columnsprovidetheabilitytodefinepseudo-columnsthatcanbecalculatedfromothercolumns
inatable,withoutactuallystoringthecalculatedvalue.Virtualcolumnsmaybeusedaspartitionkeys,
usedinconstraints,orindexed.Columnlevelstatisticscanalsobegatheredonthem.Sincethevaluesof
virtualcolumnsarenotactuallystored,theymustbecalculatedontheflywhentheyareaccessed.These
calculationscanbeoffloadedwhenaccessisviaSmartScans.

SYS@SANDBOX1> alter table kso.temp_skew add col1_plus_pk as (col1+pk_col); 
 
Table altered. 
 
SYS@SANDBOX1> select col1_plus_pk from kso.temp_skew where rownum < 10; 
 
COL1_PLUS_PK 
------------ 
    27998260 
    27998258 
    27998256 
    27998254 
    27998252 
    27998250 
    27998248 
    27998246 
    27998244 
 
9 rows selected. 
 
SYS@SANDBOX1> select count(*) from kso.temp_skew where col1_plus_pk=27998244; 
 
  COUNT(*) 
---------- 
         2 
 
 
SYS@SANDBOX> @fsx4 
Enter value for sql_text: select count(*) from kso.temp_skew where col1_plus_pk=27998244 
Enter value for sql_id: 
 
SQL_ID         CHILD OFFLOAD     AVG_ETIME IO_SAVED_% SQL_TEXT 
------------- ------ ------- ------------- ---------- -------------------- 
35tqjjq5vzg4b      0 Yes              1.14      99.99 select count(*) from 
 
1 row selected. 
 
SYS@SANDBOX1> @dplan 
Enter value for sql_id: 35tqjjq5vzg4b 
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Enter value for child_no: 
 
PLAN_TABLE_OUTPUT 
--------------------------------------------------------------------------------------- 
SQL_ID  35tqjjq5vzg4b, child number 0 
------------------------------------- 
select count(*) from kso.temp_skew where col1_plus_pk=27998244 
 
Plan hash value: 725706675 
 
---------------------------------------------------------------------------------------- 
| Id  | Operation                  | Name      | Rows  | Bytes | Cost (%CPU)| Time     | 
---------------------------------------------------------------------------------------- 
|   0 | SELECT STATEMENT           |           |       |       | 44804 (100)|          | 
|   1 |  SORT AGGREGATE            |           |     1 |    13 |            |          | 
|*  2 |   TABLE ACCESS STORAGE FULL| TEMP_SKEW |   320K|  4062K| 44804   (2)| 00:08:58 | 
---------------------------------------------------------------------------------------- 
 
Predicate Information (identified by operation id): 
--------------------------------------------------- 
 
   2 - storage("COL1"+"PK_COL"=27998244) 
       filter("COL1"+"PK_COL"=27998244) 
 
 
20 rows selected. 
 
 
SYS@SANDBOX1> alter session set "_cell_offload_virtual_columns"=false; 
 
Session altered. 
 
SYS@SANDBOX1> @flush_sql 
Enter value for sql_id: 35tqjjq5vzg4b 
 
PL/SQL procedure successfully completed. 
 
SYS@SANDBOX1> select count(*) from kso.temp_skew where col1_plus_pk=27998244; 
 
  COUNT(*) 
---------- 
         2 
 
1 row selected. 
 
SYS@SANDBOX1> @fsx4 
Enter value for sql_text: select count(*) from kso.temp_skew where col1_plus_pk=27998244 
Enter value for sql_id: 
Enter value for inst_id: 
 
SQL_ID         CHILD OFFLOAD     AVG_ETIME IO_SAVED_% SQL_TEXT 
------------- ------ ------- ------------- ---------- -------------------- 
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35tqjjq5vzg4b      0 Yes              3.00      59.79 select count(*) from 

1 row selected. 

SYS@SANDBOX1>  alter session set "_cell_offload_virtual_columns"=true; 

Session altered. 

SYS@SANDBOX1> select count(*) from kso.temp_skew where col1_plus_pk=27998244; 

  COUNT(*)
---------- 
         2 

1 row selected. 

SYS@SANDBOX1> @fsx4 
Enter value for sql_text: select count(*) from kso.temp_skew where col1_plus_pk=27998244
Enter value for sql_id: 
Enter value for inst_id: 

SQL_ID         CHILD OFFLOAD     AVG_ETIME IO_SAVED_% SQL_TEXT
------------- ------ ------- ------------- ---------- -------------------- 
35tqjjq5vzg4b      0 Yes              3.00      59.79 select count(*) from
35tqjjq5vzg4b      0 Yes              1.19      99.99 select count(*) from 

2 rows selected. 

Thisexampleshowsthatvirtualcolumnevaluationcanbeoffloaded.Italsoshowsthatthe
optimizationcanbecontrolledusingthe_CELL_OFFLOAD_VIRTUAL_COLUMNSparameter.Notethatstorage
indexesarenotbuiltonvirtualcolumns.AswithFunctionOffloading,therealadvantageofoffloading
virtualcolumncalculationshasmoretodowithreducingthevolumeofdatareturnedtothedatabase
serversthanwithreducingCPUusageonthedatabasetier.

DataMiningModelScoring
Someofthedatamodelscoringfunctionscanbeoffloaded.Generallyspeakingthisoptimizationis
aimedatreducingtheamountofdatatransferredtothedatabasetierasopposedtopureCPU
offloading.AswithotherfunctionOffloading,youcanverifywhichdataminingfunctionscanbe
offloadedbyqueryingV$SQLFN_METADATA.Theoutputlookslikethis:

SYS@SANDBOX> select distinct name, version, offloadable 
  2  from V$SQLFN_METADATA 
  3  where name like 'PREDICT%' 
  4  order by 1,2; 

NAME                           VERSION      OFFLOADABLE
------------------------------ ------------ ----------- 
PREDICTION                     V10R2 Oracle YES
PREDICTION_BOUNDS              V11R1 Oracle NO
PREDICTION_COST                V10R2 Oracle YES
PREDICTION_DETAILS             V10R2 Oracle NO 
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PREDICTION_PROBABILITY         V10R2 Oracle YES 
PREDICTION_SET                 V10R2 Oracle NO 
 
6 rows selected. 

Asyoucansee,someofthefunctionsareoffloadableandsomearenot.Theonesthatare
offloadablecanbeusedbythestoragecellsforPredicateFiltering.Here’sanexamplequerythatshould
onlyreturnrecordsthatmeetthescoringrequirementspecifiedintheWHEREclause:

select cust_id 
from customers 
where region = 'US' 
and prediction_probability(churnmod,'Y' using *) > 0.8; 

ThisoptimizationisdesignedtooffloadCPUusageaswellasreducethevolumeofdatatransferred.
However,itismostbeneficialinsituationswhereitcanreducethedatareturnedtothedatabasetier,
suchasinthepreviousexample.

Non-SmartScanOffloading
Thereareafewoptimizationsthatarenotrelatedtoqueryprocessing.Asthesearenotthefocusofthis
chapterwewillonlytouchonthembriefly.

Smart File Creation 

Thisoptimizationhasasomewhatmisleadingname.Itreallyisanoptimizationdesignedtospeedup
blockinitialization.Wheneverblocksareallocated,thedatabasemustinitializethem.Thisactivity
happenswhentablespacesarecreated,butitalsooccurswhenfilesareextendedforanynumberof
otherreasons.Onnon-Exadatastorage,thesesituationsrequirethedatabaseservertoformateachblock
andthenwritethembacktodisk.Allthatreadingandwritingcausesalotoftrafficbetweenthedatabase
serversandthestoragecells.Asyouarenowaware,eliminatingtrafficbetweenthelayersisaprimary
goalofExadata.Soasyoumightimagine,thistotallyunnecessarytraffichasbeeneliminated.Blocksare
formattedbythestoragecellsthemselveswithouthavingtosendthemtothedatabaseservers.Time
spentwaitingonthisactivityisrecordedbytheSmartFileCreationwaitevent.Thiswaiteventandthe
operationsthatinvokeitarecoveredinmoredetailinChapter10.

RMAN Incremental Backups 

Exadataspeedsupincrementalbackupsbyincreasingthegranularityofblockchangetracking.Onnon-
Exadataplatforms,blockchangesaretrackedforgroupsofblocks;onExadata,changesaretrackedfor
individualblocks.Thiscansignificantlydecreasethenumberofblocksthatmustbebackedup,resulting
insmallerbackupsizes,lessI/Obandwidth,andreducedtimetocompleteincrementalbackups.This
featurecanbedisabledbysettingthe_DISABLE_CELL_OPTIMIZED_BACKUPSparametertoavalueofTRUE.
ThisoptimizationiscoveredinChapter9.

RMAN Restores 

Thisoptimizationspeedsupthefileinitializationportionwhenrestoringfrombackuponacell.
Althoughrestoringdatabasesfrombackupsisrare,thisoptimizationcanalsohelpspeedupcloningof
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environments.TheoptimizationreducesCPUusageonthedatabaseserversandreducestrafficbetween
thetwotiers.Ifthe_CELL_FAST_FILE_RESTOREparameterissettoavalueofFALSE,thisbehaviorwillbe
disabled.ThisoptimizationisalsocoveredinChapter9.

Smart Scan Prerequisites 
SmartScansdonotoccurforeveryqueryrunonExadata.Therearethreebasicrequirementsthatmust
bemetforSmartScanstooccur:

• Theremustbeafullscanofanobject.

• ThescanmustuseOracle’sDirectPathReadmechanism.

• TheobjectmustbestoredonExadatastorage.

Thereisasimpleexplanationastowhytheserequirementsexist.OracleisaCprogram.The
functionthatperformsSmartScans(kcfis_read)iscalledbythedirectpathreadfunction(kcbldrget),
whichiscalledbyoneofthefullscanfunctions.It’sthatsimple.Youcan’tgettothekcfis_readfunction
withouttraversingthecodepathfromfullscantodirectread.Andofcourse,thestoragewillhavetobe
runningOracle’ssoftwareinordertoprocessSmartScans.

We’lldiscusseachoftheserequirementsinturn.

FullScans
InorderforqueriestotakeadvantageofExadata’sOffloadingcapabilities,theoptimizermustdecideto
executeastatementwithaFullTableScanoraFastFullIndexScan.NotethatIamusingtheseterms
somewhatgenerically.Generallyspeaking,thesetermscorrespondtoTABLE ACCESS FULLandINDEX FAST 
FULL SCANoperationsofanexecutionplan.WithExadata,thesefamiliaroperationshavebeenrenamed
slightlytoshowthattheyareaccessingExadatastorage.ThenewoperationnamesareTABLE ACCESS 
STORAGE FULLandINDEX STORAGE FAST FULL SCAN.Notethattherearealsosomeminorvariationsof
theseoperations,suchasMAT_VIEW ACCESS STORAGE FULL,thatalsoqualifyforSmartScans.Youshould,
however,beawarethatthefactthatyourexecutionplanshowsaTABLE ACCESS STORAGE FULLoperation
doesnotmeanthatyourquerywasperformedwithaSmartScan.Itmerelymeansthatthisprerequisite
hasbeensatisfied.We’lldiscusshowtoverifywhetherastatementwasactuallyOffloadedviaaSmart
Scanalittlelaterinthischapter.

DirectPathReads
InadditiontorequiringFullScanoperations,SmartScansalsorequirethatthereadoperationsbe
executedviaOracle’sDirectPathReadmechanism.DirectPathReadshavebeenaroundforalongtime.
Traditionally,thisreadmechanismhasbeenusedbyslaveprocesses,whichserviceparallelqueries.
Becauseparallelquerieswereoriginallyexpectedtobeusedforaccessingverylargeamountsofdata
(typicallymuchtoolargetofitintheOraclebuffercache),itwasdecidedthattheparallelslavesshould
readdatadirectlyintotheirownmemory(alsoknownastheprogramglobalareaorPGA).TheDirect
PathReadmechanismcompletelybypassesthestandardOraclecachingmechanismofplacingblocksin
thebuffercache.Thiswasaverygoodthingforverylargedatasets,asiteliminatedextraworkthatwas
expectedtonotbehelpful(cachingfulltablescandatathatwouldprobablynotbereused)andkept
themfromflushingotherdataoutofthecache.Andaswepreviouslymentioned,thekcfis(kernelfile
intelligentstorage)functionsareburiedunderthekcbldrget(kernelblockdirectreadget)function.
Therefore,SmartScanscanonlybeperformedifthedirectpathreadmechanismisbeingused.
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Inadditiontoparallelslaves,directpathreadsarepossiblefornon-parallelSQLstatements,when
conditionsareright.Thereisahiddenparameter,_SERIAL_DIRECT_READ,whichcontrolsthisfeature.
Whenthisparameterissettoitsdefaultvalue(AUTO),Oracleautomaticallydetermineswhethertouse
directpathreadsfornon-parallelscans.Thecalculationisbasedonseveralfactorsincludingthesizeof
theobject,thesizeofthebuffercacheandhowmanyoftheobjectsblocksarealreadyinthebuffer
cache.Thereisalsoahiddenparameter(_SMALL_TABLE_THRESHOLD)whichplaysaroleindetermining
howbigatablemustbebeforeitwillbeconsideredforserialdirectpathreads.Thealgorithmfor
determiningwhethertousethedirectpathreadmechanismonnon-parallelscansisnotpublished.
Whiletheabilitytodoserialdirectpathreadshasbeenaroundforsometime,ithasonlyrecently
becomearelativelycommonoccurrence.OracleDatabase11gR2hasamodifiedversionofthe
calculationsusedtodeterminewhethertousedirectpathreadsfornon-parallelscans.Thenew
modificationstothealgorithmmakethedirectpathreadmechanismmuchmorelikelytooccurthanit
wasinpreviousversions.ThiswasprobablydoneasaresultofExadata’sSmartScanoptimizationsand
thedesireforthemtobetriggeredwheneverpossible.Thealgorithmmaybesomewhatoverlyaggressive
onnon-Exadataplatforms.

■Note:MyOracleSupportNote:793845.1containsthefollowingstatement:

There have been changes in 11g in the heuristics to choose between direct path reads or reads through buffer 

cache for serial table scans. In 10g, serial table scans for "large" tables used to go through cache (by default) 

which is not the case anymore. In 11g, this decision to read via direct path or through cache is based on the size 

of the table, buffer cache size and various other stats. Direct path reads are faster than scattered reads and have 

less impact on other processes because they avoid latches. 

ExadataStorage
OfcoursethedatabeingscannedmustbestoredonExadatastorageinorderforSmartScanstooccur.It
ispossibletocreateASMdiskgroupsthataccessnon-ExadatastorageonExadatadatabaseservers.And
ofcourseitmakessensethatanySQLstatementsaccessingobjectsdefinedusingthesenon-Exadata
diskgroupswillnotbeeligibleforOffloading.Whileitisunusual,itisalsopossibletocreateASM
diskgroupsusingacombinationofExadataandnon-Exadatastorage.Thismightbedonetofacilitatea
migrationviaanASMrebalance,forexample.Queriesagainstobjectswhosesegmentsresideonthese
mixedstoragediskgroupsarealsonoteligibleforOffloading.Thereisactuallyanattributeassignedto
ASMdiskgroups(cell.smart_scan_capable)thatspecifieswhetheradiskgroupiscapableofprocessing
SmartScans.ThisattributemustbesettoFALSEbeforenon-ExadatastoragecanbeassignedtoanASM
diskgroup.Here’salistingshowingtheprocessofcreatingamixedstoragediskgroupandtheeffectson
queriesagainstatablewithsegmentsstoredinthatdiskgroup.Notethatwearejumpingaheadinthis
example,sosomeofthecommandsmaynotmakealotofsenseyet.Don’tworry;we’llcoverthedetails
induetime.Fornowwejustwantyoutoseethatyoucanaccessnon-Exadatastorage,butthatitwill
disabletheExadatastorage-basedoptimizations.

SYS@+ASM> -- Add non-Exadata storage 
 
SYS@+ASM> alter diskgroup SMITHERS add failgroup LOCAL disk '/dev/raw/raw5','/dev/raw/raw6'; 
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alter diskgroup SMITHERS add failgroup LOCAL disk '/dev/raw/raw5','/dev/raw/raw6' 
* 
ERROR at line 1: 
ORA-15032: not all alterations performed 
ORA-15285: disk '/dev/raw/raw5' violates disk group attribute cell.smart_scan_capable 
ORA-15285: disk '/dev/raw/raw6' violates disk group attribute cell.smart_scan_capable 
 
 
SYS@+ASM> alter diskgroup smithers set attribute 'cell.smart_scan_capable' = 'FALSE'; 
 
Diskgroup altered. 
 
SYS@+ASM> alter diskgroup SMITHERS add failgroup LOCAL disk '/dev/raw/raw5','/dev/raw/raw6'; 
 
Diskgroup altered. 
 
SYS@+ASM> select name, total_mb from v$asm_diskgroup where state='MOUNTED' 
 
NAME                                               TOTAL_MB 
-------------------------------------------------- -------- 
SMITHERS                                            512,000 
SMITHERS_LOCAL                                        1,562 
 
 
SYS@+ASM> select g.name "diskgroup", d.path "disk", d.failgroup "failgroup", d.total_mb "disk 
size" from v$asm_diskgroup g, v$asm_disk d where g.group_number=d.group_number and 
g.state='MOUNTED' 
 
diskgroup       disk                                  failgroup               disk size 
--------------- ------------------------------------- ----------------------- --------- 
SMITHERS        /dev/raw/raw5                         LOCAL                   102,400 
SMITHERS        /dev/raw/raw6                         LOCAL                   102,400 
SMITHERS        o/192.168.12.3/SMITHERS_CD_05_cell01  ENKCEL01                102,400 
SMITHERS        o/192.168.12.4/SMITHERS_CD_05_cell02  ENKCEL02                102,400 
SMITHERS        o/192.168.12.5/SMITHERS_CD_05_cell03  ENKCEL03                102,400 
SMITHERS_LOCAL  /dev/raw/raw1                         SMITHERS_LOCAL_0000     781 
SMITHERS_LOCAL  /dev/raw/raw2                         SMITHERS_LOCAL_0001     781 
 
7 rows selected. 

WestartedoutwithadiskgrouponExadatastoragethatcontainedatablecompressedwithHCC.
Whenweinitiallytriedtoaddthenon-Exadatastoragetothatdiskgroup,wegotanerrorsayingwehad
violatedthecell.smart_scan_capablediskgroupattribute.Oncewechangedtheattribute,settingitto
FALSE,wewereabletoaddthenon-Exadatastorage(ofcourse,changingthissettingdisablesSmart
Scansonanyobjectwithsegmentsstoredinthisdiskgroup).Wethenloggedontothedatabaseand
triedtoaccessourcompressedtable:

SYS@SMITHERS> select table_name, compression, compress_for 
  2  from dba_tables where owner='ACOLVIN'; 
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TABLE_NAME                     COMPRESS COMPRESS_FOR 
------------------------------ -------- ------------ 
SKEW3                          ENABLED  QUERY HIGH 
 
SYS@SMITHERS> @table_size 
Enter value for owner: ACOLVIN 
Enter value for table_name: SKEW3 
Enter value for type: TABLE 
 
OWNER                SEGMENT_NAME                   TYPE               TOTALSIZE_MEGS TS 
-------------------- ------------------------------ ------------------ -------------- ----- 
ACOLVIN              SKEW3                          TABLE                     1,020.0 USERS 
                                                                       -------------- 
sum                                                                           1,020.0 
 
SYS@SMITHERS> select count(*) from acolvin.skew3 where col1<0; 
select count(*) from acolvin.skew3 where col1<0 
                             * 
ERROR at line 1: 
ORA-64307: hybrid columnar compression is only supported in tablespaces residing on Exadata 
 storage 
 
SYS@SMITHERS> alter table acolvin.skew3 move nocompress; 
 
Table altered. 
 
SYS@SMITHERS> select /*+ parallel (a 8) */ count(*) from acolvin.skew3 a; 
 
  COUNT(*) 
---------- 
 384000048 
 
Elapsed: 00:03:24.64 
SYS@SMITHERS> @fsx4 
Enter value for sql_text: select /*+ parallel (a 8) */ count(*) from acolvin.skew3 a 
Enter value for sql_id: 
 
SQL_ID         CHILD OFFLOAD IO_SAVED_%     AVG_ETIME SQL_TEXT 
------------- ------ ------- ---------- ------------- -------------------- 
5y9jm9pfbrg7q      0 No             .00        204.58 select /*+ parallel 
 
1 row selected. 
 
SYS@SMITHERS> @table_size 
Enter value for owner: ACOLVIN 
Enter value for table_name: SKEW3 
Enter value for type: TABLE 
 
OWNER                SEGMENT_NAME                   TYPE               TOTALSIZE_MEGS TS 
-------------------- ------------------------------ ------------------ -------------- ----- 
ACOLVIN              SKEW3                          TABLE                    13,814.0 USERS 
                                                                       -------------- 
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sum                                                                          13,814.0 
 
1 row selected. 

Soaddingthenon-ExadatastoragealsodisabledHCC.Wehadtodecompressthetablesimplyto
accessit.Oncethiswasdoneweexecutedaparallelqueryonthetableand,asyoucansee,thequery
wasnotOffloaded.SoallthatwastoshowthatyouneedExadatastoragetodoSmartScans.

Smart Scan Disablers 
TherearesituationswhereSmartScansareeffectivelydisabled.Thesimplecaseiswheretheyhavenot
beenenabledinthecodeyet,andsoSmartScansdon’thappenatall.Thereareothercaseswhere
OraclestartsdowntheSmartScanpathbutthestoragesoftwareeitherdecides,orisforced,torevertto
blockshippingmode.Generallythisdecisionismadeonablock-by-blockbasis.

SimplyUnavailable
DuringthediscussionofSmartScanoptimizationswehavecoveredtheprerequisitesthatmustbemet
toenableSmartScans.However,evenwhenthoseconditionsaremet,therearecircumstancesthat
preventSmartScans.Hereareafewothersituationsthatarenotrelatedtospecificoptimizations,but
whereSmartScanssimplycannotbeused(atleastasofcellsrvversion11.2.2.2.0).

• SmartScanscannotbeusedonclusteredtables.

• SmartScanscannotbeusedonIndexOrganizedTables(IOTs).

• SmartScanscannotbeusedontableswithROWDEPENDENCIESenabled.

RevertingtoBlockShipping
TherearesituationswhereSmartScansareused,butforvariousreasonscellsrvrevertstoblock
shippingmode.Thisisaverycomplextopic,andwestruggledwithwhethertoincludeitinan
introductorychapteronoffloading.Butitisafundamentalconceptandsointheendwedecidedto
discussithere.

We’vedescribedhowSmartScansavoidtransferringlargeamountsofdatatothedatabaselayerby
returningprefiltereddatadirectlytothePGA.ThekeyconcepttounderstandhereisthatSmartScans
canchoose(orbeforced)toreturncompleteblockstotheSGA.Basicallyanysituationthatwouldcause
Oracletohavetoreadanotherblocktocompletearecordwillcausethistohappen.Achainedrowis
perhapsthesimplestexample.WhenOracleencountersachainedrow,theheadpiecewillcontaina
pointertotheblockcontainingthesecondrowpiece.Sincethestoragecellsdonotcommunicate
directlywitheachother,anditisunlikelythatthechainedblockresidesonthesamestoragecell,
cellsrvsimplyshipstheentireblockandallowsthedatabaselayertodealwithit.

Sointhisverysimplecase,theSmartScanispausedmomentarily,andasingleblockreadis
effectivelyperformed,whichmotivatesanothersingleblockreadtogettheadditionalrowpiece.Keepin
mindthatthisisaverysimplecase.ThissamebehaviorcomesintoplaywhenOraclemustdealwith
readconsistencyissues.Forexample,ifOraclenoticesthatablockis“newer”thanthecurrentquery,the
processoffindinganage-appropriateversionoftheblockisleftforthedatabaselayertodealwith.This
effectivelypausestheSmartScanprocessingwhilethedatabasedoesitstraditionalreadconsistency
processing.

Soisthisreallyimportant,andwhyshouldyoucare?Theanswer,ofcourse,isthatitdepends.In
mostcasesyouprobablywon’tcare.Oracleguaranteesthatreadswillbeconsistent,evenwhendoing
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SmartScans.Thisisanimportantpoint,bytheway.ThefactthatOraclebehavesexactlythesamefrom
theapplicationstandpoint,regardlessofwhetherSmartScansareusedornotisabigdeal.Thefactthat
OraclemaydosomesingleblockreadsalongwithitsSmartScanisoflittleconcerniftheresultsare
correctandtheperformanceisnotseverelyimpacted,andinmostcasesitwon’tbe.Therearecases,
though,wherechoosingtodoaSmartScanandthenrevertingtoblockshippingmodecanbepainful
fromaperformancestandpoint.Thesearethecaseswhereit’simportanttounderstandwhat’sgoingon
underthecovers.You’llfindmoreinformationonthisissueinChapter16.

SkippingSomeOffloading
Anotherverycomplexbehaviorthatwewillonlymentionbrieflyistheabilityofcellsrvtorefusetodo
someofthenormaloffloadprocessing.ThiscanbedonetoavoidoverloadingtheCPUresourcesonthe
storagecellsforexample.AgoodexampleofthisbehavioroccurswhendecompressingHCCdata.
DecompressionisanextremelyCPUintensivetask,especiallyforthehigherlevelsofcompression.In
laterversionsofthestoragesoftware(11.2.2.3.0andlater),cellsrvcanchoosetoskipthedecompression
steponsomeportionofthedatawhentheCPUsonthestoragecellsareverybusyandthedatabase
host’sCPUarenotverybusy.Thiseffectivelymovessomeoftheworkloadbacktothedatabasetierby
forcingthedatabasehoststodothedecompression.Inthiscase,somestepssuchasprojectionmaystill
bedoneonthestoragecells,despitethefactthatthedecompressionstepisskipped.AsKevinhas
alreadypointedout,thisselectivedeterminationofwhichoffloadprocessingtodocanmakethe
boundariesbetweenthetiersveryfluidanddifficulttomonitor.Chapter12coverssometechniquesfor
monitoringthisbehavior.



How to Verify That Smart Scan is Happening 
OneofthemostimportantthingsyoucanlearnaboutExadataishowtoidentifywhetheraqueryhas
beenabletotakeadvantageofSmartScans.Thisisnotaseasyasitsounds.Unfortunately,thenormal
executionplanoutputproducedbytheDBMS_XPLANpackagewillnotshowyouwhetheraSmartScanwas
usedornot.Here’sanexample:

PLAN_TABLE_OUTPUT 
------------------------------------------------------------------------------------ 
SQL_ID  05cq2hb1r37tr, child number 0 
------------------------------------- 
select avg(pk_col) from kso.skew a where col1 > 0 
 
Plan hash value: 568322376 
 
----------------------------------------------------------------------------------- 
| Id  | Operation                  | Name | Rows  | Bytes | Cost (%CPU)| Time     | 
----------------------------------------------------------------------------------- 
|   0 | SELECT STATEMENT           |      |       |       | 44486 (100)|          | 
|   1 |  SORT AGGREGATE            |      |     1 |    11 |            |          | 
|*  2 |   TABLE ACCESS STORAGE FULL| SKEW |    32M|   335M| 44486   (1)| 00:08:54 | 
----------------------------------------------------------------------------------- 
 
Predicate Information (identified by operation id): 
--------------------------------------------------- 
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   2 - storage("COL1">0) 
       filter("COL1">0) 

NoticethattheoptimizerchoseaTABLE ACCESS STORAGE FULLoperationandthatthepredicate
sectionshowsastorage()predicateassociatedwithstep2oftheplan.Bothofthesecharacteristics
indicatethataSmartScanwaspossible,butneitherprovidesadefinitiveverification.Infact,the
statementinthislistingwasnotexecutedwithaSmartScan.

■Note:Aninterestingfeatureoftheplanoutputisworthmentioning.Noticethatinthepredicatesectionthereisa
storage()clauseandthereisamatchingfilter()clausethatbothperformthesamecomparison.We
scratchedourheadsaboutthisforawhile,wonderingwhethertheseclausesrepresentedseparatepartsofthe
planorwhetheritwasjustaquirkoftheXPLANoutput.Thereisactuallyaverysimpleexplanationforthis
behavior.ThecellshavetofallbacktoregularblockI/Oinanumberofcases.WhenaSmartScanhitsachained
row,forexample,thatblockmustbereturnedinitsentiretytotheDBlayer.Sincethereisnosuchthingasa
guaranteed“pure”SmartScan,afilteroperationmustbeincludedintheplaninadditiontothefilteringprovided
bythestoragecells(representedbythestorage()clause).Sothetwopredicatesactuallyrepresenttwodistinct
operations.Keepinmind,though,thattheywillnotoverlap.Thefilter()operationwillbedoneonrowsreturned
viatheblockshippingmode,whilethestorage()operationwillbeperformedonthestoragecellsfortherows
thatcanbereturneddirectlytothePGAviathenormalSmartScanmechanism.

ThefactthatexecutionplansdonotshowwhetheraSmartScanwasperformedisabitfrustrating.
However,thereareseveraltechniquesthatwecanusetoworkaroundthisissue.We’llcoverafew
optionsinthenextseveralsections.

10046Trace
OneofthemoststraightforwardwaystodeterminewhetheraSmartScanwasusedistoenablea10046
traceonthestatementinquestion.Unfortunately,thisisabitcumbersomeanddoesn’tallowyoutodo
anyinvestigationintowhathashappenedwithpastexecutions.Nevertheless,tracingisafairlyfoolproof
waytoverifywhetheraSmartScanwasusedornot.IfSmartScanwasused,therewillbeCELL SMART 
TABLE SCANorCELL SMART INDEX SCANeventsinthetracefile.Hereisanexcerptfromthetracefile
collectedforthepreviousstatement:

PARSING IN CURSOR #47387827351064 len=49 dep=0 uid=0 oct=3 lid=0 tim=1297219338278533 
 hv=3279003447 ad='2c8743808' sqlid='05cq2hb1r37tr' 
select avg(pk_col) from kso.skew a where col1 > 0 
END OF STMT 
PARSE #47387827351064:c=57991,e=78256,p=25,cr=199,cu=0,mis=1,r=0,dep=0, 
og=1,plh=568322376,tim=12 
EXEC #47387827351064:c=0,e=14,p=0,cr=0,cu=0,mis=0,r=0,dep=0,og=1,plh=568322376,tim=1297 
WAIT #47387827351064: nam='SQL*Net message to client' ela= 2 . . . 
WAIT #47387827351064: nam='cell single block physical read' ela= 487 . . . 
WAIT #47387827351064: nam='cell multiblock physical read' ela= 25262 . . . 
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*** 2011-02-08 20:42:19.106 
WAIT #47387827351064: nam='cell multiblock physical read' ela= 20303 . . . 
WAIT #47387827351064: nam='gc cr multi block request' ela= 493 . . . 
WAIT #47387827351064: nam='gc cr multi block request' ela= 271 . . . 
WAIT #47387827351064: nam='cell multiblock physical read' ela= 2550 . . . 
 
*** 2011-02-08 20:42:20.107 
WAIT #47387827351064: nam='cell multiblock physical read' ela= 3095 . . . 
WAIT #47387827351064: nam='gc cr multi block request' ela= 548 . . . 
WAIT #47387827351064: nam='gc cr multi block request' ela= 331 . . . 
WAIT #47387827351064: nam='cell multiblock physical read' ela= 22930 . . . 

NoticethattherearenoSmartScanwaiteventsinthetracefileoutput.Forcomparison,hereisa
briefexcerptfromastatementusingSmartScan:

PARSING IN CURSOR #2 len=32 dep=0 uid=0 oct=3 lid=0 hv=123 ad='196' sqlid='162wjnvwyybhn' 
select sum(pk_col) from kso.skew 
END OF STMT 
PARSE #2:c=2000,e=2424,p=0,cr=0,cu=0,mis=1,r=0,dep=0,og=1,plh=568322376 
EXEC #2:c=0,e=34,p=0,cr=0,cu=0,mis=0,r=0,dep=0,og=1,plh=568322376 
WAIT #2: nam='SQL*Net message to client' ela= 3 driver id=1650815232 #bytes=1 p3=0 obj#=-1 
WAIT #2: nam='ges message buffer allocation' ela= 2 pool=0 request=1 allocated=0 obj#=-1 
WAIT #2: nam='KJC: Wait for msg sends to complete' ela= 10 msg=6674450368 dest|rcvr=65536 
WAIT #2: nam='reliable message' ela= 1107 channel context=6712270872 channel handle=66967991 
WAIT #2: nam='ges message buffer allocation' ela= 1 pool=0 request=1 allocated=0 obj#=-1 
WAIT #2: nam='enq: KO - fast object checkpoint' ela= 104 name|mode=126 2=65575 0=1 obj#=-1 
WAIT #2: nam='ges message buffer allocation' ela= 1 pool=0 request=1 allocated=0 obj#=-1 
WAIT #2: nam='enq: KO - fast object checkpoint' ela= 103 name|mode=126 2=65575 0=2 obj#=-1 
WAIT #2: nam='cell smart table scan' ela= 162 cellhash#=2133459483 p2=0 p3=0 obj#=66849 
WAIT #2: nam='cell smart table scan' ela= 244 cellhash#=379339958 p2=0 p3=0 obj#=66849 
WAIT #2: nam='cell smart table scan' ela= 181 cellhash#=3176594409 p2=0 p3=0 obj#=66849 
WAIT #2: nam='cell smart table scan' ela= 1285 cellhash#=2133459483 p2=0 p3=0 obj#=66849 
WAIT #2: nam='cell smart table scan' ela= 1327 cellhash#=379339958 p2=0 p3=0 obj#=66849 
WAIT #2: nam='cell smart table scan' ela= 1310 cellhash#=3176594409 p2=0 p3=0 obj#=66849 
WAIT #2: nam='cell smart table scan' ela= 19755 cellhash#=3176594409 p2=0 p3=0 obj#=66849 
WAIT #2: nam='cell smart table scan' ela= 39 cellhash#=3176594409 p2=0 p3=0 obj#=66849 

Asyoucansee,thistracefilecontainsseveralCELL SMART TABLE SCANwaitevents.Thereisnodoubt
thatthisstatementwasoffloaded.WecoverExadata-specificand-relatedwaiteventsindetailin
Chapter10.

PerformanceStatistics(v$sessstat)
Ofcourse,wecanalsolookatsomeoftheperformanceviewssuchasV$SESSSTATand
V$ACTIVE_SESSION_HISTORY.TanelPoder’sSnapperscriptprovidesagreatwaytoseewhatwaiteventsare
beinggeneratedwhileastatementisrunning;butagain,youmustcatchitintheacttoverifywhat’s
happening.ActiveSessionHistory(ASH)isgoodaswell,butsincethedataissampled,thereisno
guaranteethatitwillcatchthewaiteventyouarelookingfor.Nevertheless,performancestatistics
provideareliablesourceofdataaslongasyoucanaccessthesystemduringtheexecutionofthe
statementyouareinvestigating.Here’sanexampleusingV$MYSTATS,whichissimplyaversionof
V$SESSSTATthatlimitsdatatoyourcurrentsession.Forthisexamplewe’lllookatthecell scansstatistic,
whichisincrementedwhenaSmartTableScanoccurs:
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SYS@dbm1> set echo on
SYS@dbm1> @mystats
SYS@dbm1> select name, value 
  2  from v$mystat s, v$statname n 
  3  where n.statistic# = s.statistic# 
  4  and name like nvl('%&name%',name) 
  5  order by 1 
  6  / 
Enter value for name: cell scans 

NAME                                                                             VALUE
---------------------------------------------------------------------- --------------- 
cell scans                                                                         833 

1 row selected. 

SYS@dbm1> set echo off 
SYS@dbm1> select avg(pk_col) from kso.skew2 a where col1 > 0; 

AVG(PK_COL)
----------- 
 16093748.8 

1 row selected. 

SYS@dbm1> @mystats 
Enter value for name: cell scan 

NAME                                                                             VALUE
---------------------------------------------------------------------- --------------- 
cell scans                                                                         834 

1 row selected. 

SYS@dbm1> alter session set cell_offload_processing=false; 

Session altered. 

SYS@dbm1> select avg(pk_col) from kso.skew2 a where col1 > 0; 

AVG(PK_COL)
----------- 
 16093748.8 

1 row selected. 

SYS@dbm1> @mystats 
Enter value for name: cell scans 
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NAME                                                                             VALUE 
---------------------------------------------------------------------- --------------- 
cell scans                                                                         834 
 
1 row selected. 

Soasyoucansee,thefirsttimethestatementwasexecuteditwasoffloaded,andthecell scans
statisticwasincrementedfrom833to834.WethenturnedoffSmartScansandranthestatementagain.
Thistimethestatisticwasnotincremented.Sothisapproachworkswellaslongaswecancatchthe
statementsofinterestinaction.NotethatOracleperformancestatisticsarecomplementarytothe
Oraclewaiteventinterfaceandprovideinformationthatisjustnotavailableelsewhere.Wecoverthe
Exadata-relatedstatisticsindetailinChapter11.

OffloadEligibleBytes
ThereisanothercluetowhetherastatementusedaSmartScanornot.Aswe’vealreadymentioned,the
V$SQLfamilyofviewscontainacolumncalledIO_CELL_OFFLOAD_ELIGIBLE_BYTES,whichshowsthe
numberofbytesthatareeligibleforOffloading.Thiscolumncanbeusedasanindicatorofwhethera
statementusedaSmartScan.Itappearsthatthiscolumnissettoavaluegreaterthan0onlywhena
SmartScanisused.Wecanmakeuseofthisobservationtowritealittlescript(fsx.sql)thatreturnsa
valueofYESorNOdependingonwhetherthatcolumninV$SQLhasavaluegreaterthan0.Theoutputof
thescriptisalittletoowidetofitinabookformat,sowe’veusedacoupleofcut-downversionsinour
examples.Andofcourse,alloftheversionswillbeavailableintheonlinecoderepository.You’vealready
seenthescriptinactioninseveraloftheprevioussections.Here’swhat’sinsidethescriptandan
exampleofitsuse:

SYS@SANDBOX1> !cat fsx.sql 
---------------------------------------------------------------------------------------- 
-- 
-- File name:   fsx.sql 
-- 
-- Purpose:     Find SQL and report whether it was Offloaded and % of I/O saved. 
-- 
-- Usage:       This scripts prompts for two values. 
-- 
--              sql_text: a piece of a SQL statement like %select col1, col2 from skew% 
-- 
--              sql_id: the sql_id of the statement if you know it (leave blank to ignore) 
-- 
-- Description: 
-- 
--              This script can be used to locate statements in the shared pool and 
--              determine whether they have been executed via Smart Scans. 
-- 
--              It is based on the observation that the IO_CELL_OFFLOAD_ELIGIBLE_BYTES 
--              column in V$SQL is only greater than 0 when a statement is executed 
--              using a Smart Scan. The IO_SAVED_% column attempts to show the ratio of 
--              of data received from the storage cells to the actual amount of data 
--              that would have had to be retrieved on non-Exadata storage. Note that 
--              as of 11.2.0.2, there are issues calculating this value with some queries. 
-- 
--              Note that the AVG_ETIME will not be acurate for parallel queries. The 
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--              ELAPSED_TIME column contains the sum of all parallel slaves. So the 
--              script divides the value by the number of PX slaves used which gives an 
--              approximation. 
-- 
--              Note also that if parallel slaves are spread across multiple nodes on 
--              a RAC database the PX_SERVERS_EXECUTIONS column will not be set. 
-- 
--------------------------------------------------------------------------------------- 
set pagesize 999 
set lines 190 
col sql_text format a70 trunc 
col child format 99999 
col execs format 9,999 
col avg_etime format 99,999.99 
col "IO_SAVED_%" format 999.99 
col avg_px format 999 
col offload for a7 
 
select sql_id, child_number child, plan_hash_value plan_hash, executions execs, 
(elapsed_time/1000000)/decode(nvl(executions,0),0,1,executions)/ 
decode(px_servers_executions,0,1,px_servers_executions/ 
decode(nvl(executions,0),0,1,executions)) avg_etime, 
px_servers_executions/decode(nvl(executions,0),0,1,executions) avg_px, 
decode(IO_CELL_OFFLOAD_ELIGIBLE_BYTES,0,'No','Yes') Offload, 
decode(IO_CELL_OFFLOAD_ELIGIBLE_BYTES,0,0, 
100*(IO_CELL_OFFLOAD_ELIGIBLE_BYTES-IO_INTERCONNECT_BYTES) 
/decode(IO_CELL_OFFLOAD_ELIGIBLE_BYTES,0,1,IO_CELL_OFFLOAD_ELIGIBLE_BYTES)) "IO_SAVED_%", 
sql_text 
from v$sql s 
where upper(sql_text) like upper(nvl('&sql_text',sql_text)) 
and sql_text not like 'BEGIN :sql_text := %' 
and sql_text not like '%IO_CELL_OFFLOAD_ELIGIBLE_BYTES%' 
and sql_id like nvl('&sql_id',sql_id) 
order by 1, 2, 3 
/ 
 
SYS@SANDBOX1> select avg(pk_col) from kso.skew3 where col1 < 0; 
 
AVG(PK_COL) 
----------- 
  1849142.5 
 
Elapsed: 00:00:00.07 
SYS@SANDBOX1> alter session set cell_offload_processing=false; 
 
Session altered. 
 
Elapsed: 00:00:00.00 
SYS@SANDBOX1> select avg(pk_col) from kso.skew3 where col1 < 0; 
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AVG(PK_COL) 
----------- 
  1849142.5 
 
Elapsed: 00:00:49.68 
SYS@SANDBOX1> @fsx4 
Enter value for sql_text: select avg(pk_col) from kso.skew3 where col1 < 0 
Enter value for sql_id: 
 
SQL_ID         CHILD OFFLOAD IO_SAVED_%  AVG_ETIME SQL_TEXT 
------------- ------ ------- ---------- ---------- --------------------------------- 
a6j7wgqf84jvg      0 Yes         100.00        .07 select avg(pk_col) from kso.skew3 
a6j7wgqf84jvg      1 No             .00      49.68 select avg(pk_col) from kso.skew3 
 
Elapsed: 00:00:00.04 

InthefsxscriptyoucanseethattheOFFLOADcolumnisjustaDECODEthatcheckstoseeifthe
IO_CELL_OFFLOAD_ELIGIBLE_BYTEScolumnisequalto0ornot.TheIO_SAVED_%columniscalculatedusing
theIO_INTERCONNECT_BYTESfield,anditattemptstoshowhowmuchdatawasreturnedtothedatabase
servers.TheexampleshowsthesamestatementrunoncewithSmartScanenabledandoncewithSmart
Scandisabled.WeusedtheCELL_OFFLOAD_PROCESSINGparametertoturnSmartScansonandoffforthis
purpose.Changingthisparametercausedtheoriginalcursortobeinvalidatedbecauseofanoptimizer
mismatch.Thisresultedintwochildcursorsforthestatement.Inourexample,theoutputofthescript
showsthatoneversionofthestatementwasoffloadedusingSmartScansandtooklessthanasecond.
ThesecondexecutionofthestatementthoughwasnotOffloadedandtookalmostaminute.

Thetechniqueusedbythefsxscriptseemstoworkprettywellmostofthetime.However,in
situationswhereasinglechildcursorisusedrepeatedly,itispossiblethatsomeexecutionsmaybe
executedusingSmartScanswhileothersarenot.Whilethisisanunusualsituation,itcancause
confusionbecausetheIO_CELL_OFFLOAD_ELIGIBLE_BYTEScolumncontainsacumulativevalueforall
executions.Thatistosaythateachexecutionaddsitseligiblebytescounttotherunningtotal.When
someexecutionsuseSmartScansandsomedon’t,theIO_CELL_OFFLOAD_ELIGIBLE_BYTEScolumnwillbe
greaterthan0.Thisisafairlyrareoccurrenceandyoumayneverrunintoit.Nevertheless,hereisan
example:

SYS@SANDBOX1> alter session set "_serial_direct_read"=true; 
 
Session altered. 
 
Elapsed: 00:00:00.01 
SYS@SANDBOX1> -- execution 1 
SYS@SANDBOX1> select avg(pk_col) from kso.skew a where col1 > 0; 
 
AVG(PK_COL) 
----------- 
 16093748.8 
 
1 row selected. 
 
Elapsed: 00:00:03.51 
SYS@SANDBOX1> @fsx3 
Enter value for sql_text: %skew% 
Enter value for sql_id: 
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SQL_ID         CHILD OFFLOAD EXECS ELIGIBLE_BYTES SQL_TEXT 
------------- ------ ------- ----- -------------- -------------------- 
05cq2hb1r37tr      0 Yes         1       38797312 select avg(pk_col) f 
 
1 row selected. 
 
Elapsed: 00:00:00.01 
SYS@SANDBOX1> alter session set "_serial_direct_read"=false; 
 
Session altered. 
 
Elapsed: 00:00:00.00 
SYS@SANDBOX1> -- execution 2 
SYS@SANDBOX1> select avg(pk_col) from kso.skew a where col1 > 0; 
 
AVG(PK_COL) 
----------- 
 16093748.8 
 
1 row selected. 
 
Elapsed: 00:00:04.71 
SYS@SANDBOX1> @fsx3 
Enter value for sql_text: %skew% 
Enter value for sql_id: 
 
SQL_ID         CHILD OFFLOAD EXECS ELIGIBLE_BYTES SQL_TEXT 
------------- ------ ------- ----- -------------- -------------------- 
05cq2hb1r37tr      0 Yes         2       38797312 select avg(pk_col) f 
 
1 row selected. 
 
Elapsed: 00:00:00.01 
SYS@SANDBOX1> 
SYS@SANDBOX1> alter session set "_serial_direct_read"=true; 
 
Session altered. 
 
Elapsed: 00:00:00.01 
SYS@SANDBOX1> -- execution 3 
SYS@SANDBOX1> select avg(pk_col) from kso.skew a where col1 > 0; 
 
AVG(PK_COL) 
----------- 
 16093748.8 
 
1 row selected. 
 
Elapsed: 00:00:03.54 
SYS@SANDBOX1> @fsx3 
Enter value for sql_text: %skew% 
Enter value for sql_id: 
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SQL_ID         CHILD OFFLOAD EXECS ELIGIBLE_BYTES SQL_TEXT 
------------- ------ ------- ----- -------------- -------------------- 
05cq2hb1r37tr      0 Yes         3       58195968 select avg(pk_col) f 
 
1 row selected. 
 
Elapsed: 00:00:00.01 

Inthisexampleweusedthe_SERIAL_DIRECT_READparametertodisableSmartScans.Thisparameter
doesnotinvalidatecursors,sothesamecursorwasusedforallthreeexecutionsofthestatement.Ifyou
lookatthesecondexecution,youcanprobablyguessthatitdidn’tuseaSmartScan,asitwasslower
thanthepreviousexecution.YoucanverifythatassumptionbynotingthattheEligibleByteCountdid
notincrease.However,thefsxscriptsimplycheckstoseeifthevalueofthe
IO_CELL_OFFLOAD_ELIGIBLE_BYTEScolumnisgreaterthan0.Asyoucansee,thevalueofthecolumn
remainedthesamebetweenexecutionscausingthefsxscripttoreportthatthestatementwas
offloaded,eventhoughthesecondexecutionwasnotoffloaded.Sokeepinmindthatourindicatorisa
cumulativevalueforalltheexecutionsofthiscursor.Notethatinthepreviousexamplewesetupa
ratherunusualsituationwhereasinglecursorisoffloadedononeexecutionandnotonanother.This
rarelyhappensinreallife.

Thetechniquedemonstratedbythefsxscriptprovidesaveryusefulalternativetotracingorusing
sessionstatisticstoverifywhetherSmartScansarebeingperformed.Thebiggestadvantageisthatyou
don’thavetotrytocatchSmartScaninrealtime.TheIO_CELL_OFFLOAD_ELIGIBLE_BYTEScolumnisstored
inV$SQLandrelatedviews,whichmeansit’salsocapturedbyAWR.Thisprovidesuswithahistorical
viewintohowstatementshavebeenprocessedinthepast.Itisoneofthemaintoolsthatweusefora
quick-and-dirtyverificationofwhetheraSmartScanhasbeenusedornot.

SQLMonitoring
ThereisoneothertoolthatisveryusefulfordeterminingwhetheraSQLstatementwasOffloaded.The
REPORT_SQL_MONITORprocedureispartofthenewRealTimeSQLMonitoringfunctionalitythatwas
addedwith11g.ItisbuiltintotheDBMS_SQLTUNEpackageandprovidesagreatdealofinformation,not
onlyonwhetherastatementwasoffloaded,butalsoonwhichstepsinaplanwereoffloaded.Here’san
example(firstofastatementthatwasnotoffloadedandthenofthesamestatementwhenitwas
offloaded):

SYS@SANDBOX1> alter session set cell_offload_processing=false; 
 
Session altered. 
 
SYS@SANDBOX1> set echo off 
SYS@SANDBOX1> @avgskew3 
 
AVG(PK_COL) 
----------- 
 16093750.2 
 
SYS@SANDBOX1> @fsx4 
Enter value for sql_text: %skew3% 
Enter value for sql_id: 
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SQL_ID         CHILD OFFLOAD IO_SAVED_%  AVG_ETIME SQL_TEXT 
------------- ------ ------- ---------- ---------- ---------------------------------------- 
6uutdmqr72smc      0 No             .00      57.95 select /* avgskew3.sql */ avg(pk_col) fr 
 
SYS@SANDBOX1> @report_sql_monitor 
Enter value for sid: 
Enter value for sql_id: 6uutdmqr72smc 
Enter value for sql_exec_id: 
 
REPORT 
------------------------------------------------------------------------------------------ 
SQL Monitoring Report 
 
SQL Text 
------------------------------ 
select /* avgskew3.sql */ avg(pk_col) from kso.skew3 a where col1 > 0 
 
Global Information 
------------------------------ 
 Status              :  DONE (ALL ROWS) 
 Instance ID         :  1 
 Session             :  SYS (3:5465) 
 SQL ID              :  6uutdmqr72smc 
 SQL Execution ID    :  16777216 
 Execution Started   :  03/15/2011 15:26:11 
 First Refresh Time  :  03/15/2011 15:26:19 
 Last Refresh Time   :  03/15/2011 15:27:09 
 Duration            :  58s 
 Module/Action       :  sqlplus@enkdb01.enkitec.com (TNS V1-V3)/- 
 Service             :  SYS$USERS 
 Program             :  sqlplus@enkdb01.enkitec.com (TNS V1-V3) 
 Fetch Calls         :  1 
 
Global Stats 
========================================================================================== 
| Elapsed |   Cpu   |    IO    | Application | Cluster  | Fetch | Buffer | Read  | Read  | 
| Time(s) | Time(s) | Waits(s) |  Waits(s)   | Waits(s) | Calls |  Gets  | Reqs  | Bytes | 
========================================================================================== 
|      58 |      35 |       23 |        0.00 |     0.00 |     1 |     2M | 15322 |  15GB | 
========================================================================================== 
 

z
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SQL Plan Monitoring Details (Plan Hash Value=2684249835) 
====================================================================================== 
| Id |          Operation           | Name  | ... | Activity |    Activity Detail    | 
|    |                              |       |     |   (%)    |      (# samples)      | 
====================================================================================== 
|  0 | SELECT STATEMENT             |       |     |          |                       | 
|  1 |   SORT AGGREGATE             |       |     |    41.38 | Cpu (24)              | 
|  2 |    TABLE ACCESS STORAGE FULL | SKEW3 |     |    58.62 | Cpu (11)              | 
|    |                              |       |     |          | direct path read (23) | 
====================================================================================== 
 
 
SYS@SANDBOX1> @ss_on 
SYS@SANDBOX1> alter session set cell_offload_processing=true; 
 
Session altered. 
 
SYS@SANDBOX1> @avgskew3 
 
AVG(PK_COL) 
----------- 
 16093750.2 
 
SYS@SANDBOX1> @fsx4 
Enter value for sql_text: %skew3% 
Enter value for sql_id: 
 
SQL_ID         CHILD OFFLOAD IO_SAVED_%  AVG_ETIME SQL_TEXT 
------------- ------ ------- ---------- ---------- ---------------------------------------- 
6uutdmqr72smc      0 Yes          71.85      34.54 select /* avgskew3.sql */ avg(pk_col) fr 
 
SYS@SANDBOX1> @report_sql_monitor 
Enter value for sid: 
Enter value for sql_id: 6uutdmqr72smc 
Enter value for sql_exec_id: 
 
REPORT 
---------------------------------------------------------------------------------------- 
SQL Monitoring Report 
 
SQL Text 
------------------------------ 
select /* avgskew3.sql */ avg(pk_col) from kso.skew3 a where col1 > 0 
 
Global Information 
------------------------------ 
 Status              :  DONE (ALL ROWS) 
 Instance ID         :  1 
 Session             :  SYS (3:5467) 
 SQL ID              :  6uutdmqr72smc 
 SQL Execution ID    :  16777219 
 Execution Started   :  03/15/2011 15:36:11 
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 First Refresh Time  :  03/15/2011 15:36:15 
 Last Refresh Time   :  03/15/2011 15:36:45 
 Duration            :  34s 
 Module/Action       :  sqlplus@enkdb01.enkitec.com (TNS V1-V3)/- 
 Service             :  SYS$USERS 
 Program             :  sqlplus@enkdb01.enkitec.com (TNS V1-V3) 
 Fetch Calls         :  1 
 
Global Stats 
========================================================================================= 
| Elapsed |   Cpu   |    IO    | Application | Fetch | Buffer | Read  | Read  |  Cell   | 
| Time(s) | Time(s) | Waits(s) |  Waits(s)   | Calls |  Gets  | Reqs  | Bytes | Offload | 
========================================================================================= 
|      35 |      31 |     3.85 |        0.00 |     1 |     2M | 18422 |  15GB |  71.83% | 
========================================================================================= 
 
SQL Plan Monitoring Details (Plan Hash Value=2684249835) 
============================================================================================ 
| Id |          Operation           | Name  | |  Cell   | Activity |      Activity Detail  | 
|    |                              |       | | Offload |   (%)    |        (# samples)    | 
============================================================================================ 
|  0 | SELECT STATEMENT             |       | |         |          |                       | 
|  1 |   SORT AGGREGATE             |       | |         |    50.00 | Cpu (17)              | 
|  2 |    TABLE ACCESS STORAGE FULL | SKEW3 | |  71.83% |    50.00 | Cpu (12)              | 
|    |                              |       | |         |          | cell smart tab... (5) | 
============================================================================================ 

Notethatwecutoutanumberofcolumnsfromthereportbecauseitisverywideanddoesn’tfit
nicelyinbookformat.Nevertheless,youcanseethatthereportshowswhichstepswereOffloaded(Cell
Offload),wherethestatementspentitstime(Activity%),andwhatitspenttimedoing(ActivityDetail).
Thiscanbeextremelyusefulwithmorecomplexstatementsthathavemultiplestepseligiblefor
offloading.Alsonotethatmonitoringoccursautomaticallyonparallelizedstatementsandonstatements
thattheoptimizeranticipateswillrunforalongtime.IfOracleisnotautomaticallychoosingtomonitor
astatementthatisofinterest,youcanusetheMONITORhinttotellOracletomonitorthestatement.

Parameters 
ThereareseveralparametersthatapplytoOffloading.ThemainoneisCELL_OFFLOAD_PROCESSING,which
turnsOffloadingonandoff.Thereareseveralothersthatareoflessimportance.Table2-2showsalistof
thenon-hiddenparametersthataffectOffloading(asofOracledatabaseversion11.2.0.2).Notethatwe
havealsoincludedthehiddenparameter,_SERIAL_DIRECT_READ,whichcontrolsthisveryimportant
feature.

Table 2-2. Database Parameters Controlling Offloading 

Parameter  Default Description 

cell_offload_compaction ADAPTIVE Thisparameterisreservedforfutureuse.Theonline
descriptionsays,“Cellpacketcompactionstrategy.”

www.allitebooks.com
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Parameter  Default Description 

cell_offload_decryption TRUE Controlswhetherdecryptionisoffloaded.Notethatwhenthis
parameterissettoFALSE,SmartScansarecompletelydisabled
onencrypteddata.

cell_offload_parameters  Thisparameterisreservedforfutureuse.

cell_offload_plan_display AUTO ControlswhetherExadataoperationnamesareusedin
executionplanoutputfromXPLAN.AUTOmeanstodisplay
themonlyifthedatabaseisusingExadatastorage.

cell_offload_processing TRUE TurnsOffloadingonoroff.

_serial_direct_read AUTO Controlstheserialdirectpathreadmechanism.Thevalid
valuesareAUTO,TRUE,FALSE,ALWAYSandNEVER.


InadditiontothenormalOracle-approvedparameters,thereareanumberofso-calledhidden

parametersthataffectvariousaspectsofOffloading.Thefollowinglistingshowsallthecellparameters,
includingthehiddenparameters,alongwiththeirdescriptions:

SYS@POC1> @parmsd 
Enter value for parameter: cell 
Enter value for isset: 
Enter value for show_hidden: Y 
 
NAME                                          DESCRIPTION 
--------------------------------------------- --------------------------------------------- 
cell_offload_compaction                       Cell packet compaction strategy 
cell_offload_decryption                       enable SQL processing offload of encrypted 
                                              data to cells 
 
cell_offload_parameters                       Additional cell offload parameters 
cell_offload_plan_display                     Cell offload explain plan display 
cell_offload_processing                       enable SQL processing offload to cells 
_allow_cell_smart_scan_attr                   Allow checking smart_scan_capable Attr 
_cell_fast_file_create                        Allow optimized file creation path for Cells 
_cell_fast_file_restore                       Allow optimized rman restore for Cells 
_cell_file_format_chunk_size                  Cell file format chunk size in MB 
_cell_index_scan_enabled                      enable CELL processing of index FFS 
_cell_offload_capabilities_enabled            specifies capability table to load 
_cell_offload_hybridcolumnar                  Query offloading of hybrid columnar 
                                              compressed tables to exadata 
 
_cell_offload_predicate_reordering_enabled    enable out-of-order SQL processing offload to 
                                              cells 
 
_cell_offload_timezone                        enable timezone related SQL processing 
                                              offload to cells 
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_cell_offload_virtual_columns                 enable offload of predicates on virtual 
                                              columns to cells 

_cell_range_scan_enabled                      enable CELL processing of index range scans
_cell_storidx_mode                            Cell Storage Index mode
_db_check_cell_hints 
_disable_cell_optimized_backups               disable cell optimized backups
_kcfis_cell_passthru_enabled                  Do not perform smart IO filtering on the cell
_kcfis_kept_in_cellfc_enabled                 Enable usage of cellsrv flash cache for kept 
                                              objects 

_kcfis_nonkept_in_cellfc_enabled              Enable use of cellsrv flash cache for 
                                              non-kept objects 

22 rows selected. 

We’veusedafewoftheseparametersintheexamplesinthischapterandwe’lluseseveralinthe
upcomingchapters.Thereareseveralotherkcfis(kernelfileintelligentstorage)parametersaswell.
Here’salistingofthemwithdescriptions:

SYS@SMITHERS> @parmsd 
Enter value for parameter: kcfis
Enter value for isset: 
Enter value for show_hidden: Y 

NAME                                     DESCRIPTION
---------------------------------------- -------------------------------------------------- 
_kcfis_block_dump_level                  Smart IO block dump level
_kcfis_caching_enabled                   enable kcfis intra-scan session caching
_kcfis_cell_passthru_enabled             Do not perform smart IO filtering on the cell
_kcfis_control1                          Kcfis control1 
_kcfis_control2                          Kcfis control2 
_kcfis_control3                          Kcfis control3 
_kcfis_control4                          Kcfis control4 
_kcfis_control5                          Kcfis control5 
_kcfis_control6                          Kcfis control6
_kcfis_disable_platform_decryption       Don't use platform-specific decryption on the  
                                         storage cell 

_kcfis_dump_corrupt_block                Dump any corrupt blocks found during smart IO
_kcfis_fast_response_enabled             Enable smart scan optimization for fast response 
                                         (first rows) 

_kcfis_fast_response_initiosize          Fast response - The size of the first IO in  
                                         logical blocks 

_kcfis_fast_response_iosizemult          Fast response - (next IO size = current IO size * 
                                         this parameter) 

_kcfis_fast_response_threshold           Fast response - the number of IOs after which  
                                         smartIO is used 
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_kcfis_fault_control                     Fault Injection Control 
_kcfis_io_prefetch_size                  Smart IO prefetch size for a cell 
_kcfis_ioreqs_throttle_enabled           Enable Smart IO requests throttling 
_kcfis_kept_in_cellfc_enabled            Enable usage of cellsrv flash cache for kept  
                                         objects 
 
_kcfis_large_payload_enabled             enable large payload to be passed to cellsrv 
_kcfis_max_cached_sessions               Sets the maximum number of kcfis sessions cached 
_kcfis_max_out_translations              Sets the maximum number of outstanding  
                                         translations in kcfis 
 
_kcfis_nonkept_in_cellfc_enabled         Enable use of cellsrv flash cache for non-kept  
                                         objects 
 
_kcfis_oss_io_size                       KCFIS OSS I/O size 
_kcfis_rdbms_blockio_enabled             Use block IO instead of smart IO in the smart IO 
                                         module on RDBMS 
 
_kcfis_read_buffer_limit                 KCFIS Read Buffer (per session) memory limit in 
                                         bytes 
 
_kcfis_spawn_debugger                    Decides whether to spawn the debugger at kcfis 
                                         initialize 
 
_kcfis_stats_level                       sets kcfis stats level 
_kcfis_storageidx_diag_mode              Debug mode for storage index on the cell 
_kcfis_storageidx_disabled               Don't use storage index optimization on the 
                                         storage cell 
 
_kcfis_test_control1                     kcfis tst control1 
_kcfis_trace_bucket_size                 KCFIS tracing bucket size in bytes 
_kcfis_trace_level                       sets kcfis tracing level 
_kcfis_work_set_appliances               Working Set of appliances in a KCFIS session 
 
34 rows selected. 

Notethathiddenparametersshouldnotbeusedonproductionsystemswithoutpriordiscussion
withOraclesupport.ButtheydoprovidevaluablecluesabouthowsomeoftheExadatafeatureswork
andarecontrolled.

Summary 
OffloadingreallyisthesecretsauceofExadata.Whilethehardwarearchitecturedoesagoodjobof
providingmorebalancebetweenthestoragelayer’sabilitytodeliverdataandthedatabaselayer’sability
toconsumeit,thebulkoftheperformancegainsareprovidedbythesoftware.SmartScansarelargely
responsibleforthesegains.Theprimaryfocusofmostoftheseoptimizationsistoreducetheamountof
datatransferredbetweenthestoragetierandthedatabasetier.
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Hybrid Columnar Compression 

HybridColumnarCompression(HCC)isprobablyoneoftheleastunderstoodofthefeaturesthatare
uniquetoExadata.Thefeaturewasoriginallyrolledoutinabetaversionof11gR2andwasenabledon
bothExadataandnon-Exadataplatforms.Theproductionreleaseof11gR2restrictedthefeatureto
Exadataplatformsonly.Ostensiblythisdecisionwasmadebecausetheadditionalprocessingpower
availableontheExadatastorageservers.BecausethefeatureisrestrictedtoExadata,therecent
documentationreferstoitasExadataHybridColumnarCompression(EHCC).

ThischapterwillfirstpresentbasicinformationonbothofOracle’solderrow-majorformat
compressionmethods(BASICandOLTP).WewillthenexploreindetailthemechanicsofOracle’snew
HCCfeature—howitworks,includinghowthedataisactuallystoredondisk,whereandwhenthe
compressionanddecompressionoccur,andwhenitsuseisappropriate.Finallywe’llprovidesomereal
worldexamplesofHCCusage.

Oracle Storage Review 
Asyouprobablyalreadyknow,Oraclestoresdatainablockstructure.Theseblocksaretypically8Kand
fromasimplisticpointofviewtheyconsistofablockheader,arowdirectory,rowdataandfreespace.
Theblockheaderstartsatthetopofablockandworksitswaydown,whiletherowdatastartsatthe
bottomandworksitswayup.Thefreespacegenerallysitsinthemiddle.Figure3-1showsa
representationofatraditionalOracleblockformat.
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Figure 3-1. The standard Oracle block format (row-major storage) 

Rowsarestoredinnospecificorder,butcolumnsaregenerallystoredintheorderinwhichthey
weredefinedinthetable.Foreachrowinablocktherewillbearowheader,followedbythecolumn
dataforeachcolumn.Figure3.2showshowthepiecesofarowarestoredinastandardOracleblock.
Notethatwecalledita row piece,becauseoccasionallyarow’sdatamaybestoredinmorethanone
chunk.Inthiscase,therewillbeapointertothenextpiece.
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Figure 3-2. The standard Oracle row format (row-major storage) 
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Notethattherowheadermaycontainapointertoanotherrowpiece.We’llcomebacktothisalittle
later,butfornow,justbeawarethatthereisamechanismtopointtoanotherlocation.Alsonotethat
eachcolumnisprecededbyaseparatefieldindicatingthelengthofthecolumn.Nothingisactually
storedintheColumnValuefieldfornulls.Thepresenceofanullcolumnisindicatedbyavalueof0in
thecolumnlengthfield.Trailingnullsdon’tevenstorethecolumnlengthfields,asthepresenceofanew
rowheaderindicatesthattherearenomorecolumnswithvaluesinthecurrentrow.

PCTFREEisakeyvalueassociatedwithblocks;itcontrolshowspaceisusedinablock.Itspurposeis
toreservesomefreespaceineachblockforupdates.Thisisnecessarytopreventrowmigration(moving
rowstonewblocks)thatwouldbecausedbylackofspaceintherow’soriginalblockwhenarow
increasesinsize.Whenrowsareexpectedtobeupdated(withvaluesthatrequiremorespace),more
spaceisgenerallyreserved.Whenrowsarenotexpectedtoincreaseinsizebecauseofupdates,valuesas
lowas0maybespecifiedforPCTFREE.Withcompressedblocksitiscommontouseverylowvaluesof
PCTFREE,becausethegoalistominimizespaceusageandtherowsaregenerallynotexpectedtobe
updatedfrequently(ifever).Figure3-3showshowfreespaceisreservedbasedonthevalueofPCTFREE.



20 % of the space in the
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updates to existing records

FreeSpace

20 %

RowDataDatabaseBlock
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Figure 3-3. Block free space controlled by PCTFREE 

Figure3-3showsablockthatreserves20percentofitsspaceforupdates.AblockwithaPCTFREE
settingof0percentwouldallowinsertstofilltheblockalmostcompletely.Whenarecordisupdated,
andthenewdatawillnotfitintheavailablefreespaceoftheblockwheretherecordisstored,the
databasewillmovetherowtoanewblock.Thisprocessiscalledrow migration.Itdoesnotcompletely
removetherowfromtheoriginalblockbutleavesareferencetothenewlyrelocatedrowsothatitcan
stillbefoundbyitsoriginalrowid(whichbasicallyconsistsofafilenumber,blocknumber,androw
numberwithintheblock).ThisabilityofOracletorelocaterowswillbecomerelevantwhenwediscuss
whathappensifyouupdatearowthathasbeencompressed.Notethatthemoregenerictermfor
storingrowsinmorethanonepieceisrow chaining.Rowmigrationisaspecialcaseofrowchainingin
whichtheentirerowisrelocated.Figure3-4showswhatablockwithamigratedrowmightlooklike.
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Figure 3-4. Row migration 

Thisdiagramrepresentsasituationwheretheentirerowhasbeenrelocated,leavingbehindonlya
pointertothenewlocation.

Oracle Compression Mechanisms 
OracleprovidesseveralcompressionmechanismsinadditiontoHCC.Thenamingissomewhat
confusingduetothecommonmarketingtermsandsomechangesinnomenclaturealongtheway.Here
we’llrefertothethreemainflavorsofcompressionusedbyOracleasBASIC,OLTP,andHCC.

BASIC
ThiscompressionmethodisabasefeatureofOracleDatabase11gEnterpriseEdition.Itcompresses
dataonlyondirectpathloads.Modificationsforcethedatatobestoredinanuncompressedformat,as
doinsertsthatdonotusethedirectpathloadmechanism.Rowsarestillstoredtogetherinthenormal
row-majorform.ThecompressionunitisasingleOracleblock.BASICisthedefaultcompression
method,fromasyntaxstandpoint.Forexample,BASICcompressionwillbeusedifyouissuethe
followingcommand:

CREATE TABLE … COMPRESS; 

BasiccompressionwasintroducedinOracleDatabaseversion9i.Thisformofcompressionwasalso
referredtoasDSSCompressioninthepast.ThesyntaxCOMPRESS FOR DIRECT_LOAD OPERATIONScanstill
beusedtoenableBASICcompression,althoughthissyntaxhasnowbeendeprecated.

OLTP
TheOLTPcompressionmethodallowsdatatobecompressedforalloperations,notjustdirectpath
loads.Itispartofanextra-costoptioncalledAdvancedCompressionandwasintroducedinOracle
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Databaseversion11gRelease1.ThestorageformatisessentiallythesameasBASIC,usingasymbol
tabletoreplacerepeatingvalues.OLTPcompressionattemptstoallowforfutureupdatesbyleaving10
percentfreespaceineachblockviathePCTFREEsetting(BASICcompressionusesaPCTFREEvalueof0
percent).Therefore,tablescompressedforOLTPwilloccupyslightlymorespacethaniftheywere
compressedwithBASIC(assumingdirectpathloadsonlyandnoupdates).Thesyntaxforenablingthis
typeofcompressionis

CREATE TABLE …  COMPRESS FOR OLTP; 

Alternatively,thesyntaxCOMPRESS FOR ALL OPERATIONSmaybeused,althoughthissyntaxisnow
deprecated.OLTPcompressionisimportantbecauseitisthefallbackmethodfortablesthatuseHCC
compression.Inotherwords,blockswillbestoredusingOLTPcompressionincaseswhereHCCcannot
beused(non-directpathloadsforexample).OneimportantcharacteristicofOLTPcompressionisthat
updatesandnon-directpathinsertsarenotcompressedinitially.Onceablockbecomes“full”itwillbe
compressed.We’llrevisitthisissueintheperformancesectionofthischapter.

HCC
HCCisonlyavailablefortablesstoredonExadatastorage.AswithBASICcompression,datawillonlybe
compressedinHCCformatwhenitisloadedusingdirectpathloads.Conventionalinsertsandupdates
causerecordstobestoredinOLTPcompressedformat.Inthecaseofupdates,rowsaremigratedtonew
blocks.TheseblocksaremarkedforOLTPcompression,sowhenoneofthesenewblocksissufficiently
full,itwillbecompressedusingtheOLTPalgorithm.

HCCprovidesfourlevelsofcompression,asshowninTable3-1.Notethattheexpected
compressionratiosareveryroughestimatesandthattheactualcompressionratiowillvarygreatly
dependingonthedatathatisbeingcompressed.

Table 3-1. HCC Compression Types 

Compression 

Type 
Description 

Expected 

Compression Ratio 

QUERY LOW HCClevel1usestheLZOcompressionalgorithm.Thislevel
providesthelowestcompressionratiosbutrequirestheleastCPU
forcompressionanddecompressionoperations.Thisalgorithmis
optimizedformaximizingspeedratherthancompression.
Decompressionisveryfastwiththisalgorithm.Youmayseesome
documentsrefertothislevelasWAREHOUSE LOW.

4×

QUERY HIGH HCClevel2usestheZLIB(gzip)compressionalgorithm.Some
documentsrefertothislevelasWAREHOUSE HIGH.

6×

ARCHIVE LOW HCClevel3usestheZLIB(gzip)compressionalgorithmaswell,
butatahighercompressionlevelthanQUERY HIGH.Dependingon
thedata,however,thecompressionratiosmaynotbemuch
higherthanwithQUERY HIGH.

7×
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Compression 

Type 
Description 

Expected 

Compression Ratio 

ARCHIVE HIGH HCClevel4compressionusesBzip2compression.Thisisthe
highestlevelofcompressionavailablebutisfarandawaythemost
CPU-intensive.Compressiontimesareoftenseveraltimesslower
thanforlevels2and3.Butagain,dependingonthedata,the
compressionratiomaynotbethatmuchhigherthanwithARCHIVE 
LOW.Thislevelisforsituationswherethetimetocompressdatais
relativelyunimportantorwherespaceisincriticallyshortsupply.

12×

COMPRESSION ALGORITHMS 

ThereferencestothespecificalgorithmsassociatedwithHCCcompression(LZO,ZLIB,orBZIP2)areall
inferredfromthefunctionnamesusedintheOraclecode.TheORADEBUGutilityprovidesadirectinterface
intotheOraclecallstackviatheSHORT_STACKcommand.Operatingsystemutilitiessuchaspstackcan
alsoprovidethesameinformation.Asanexample,hereisapartofthestackdumpforaprocessdoing
ARCHIVE HIGHcompression.

->kgccbzip2pseudodo() 
 ->kgccbzip2do() 
  ->BZ2_bzCompress() 
   ->handle_compress()  
    ->BZ2_compressBlock() 


TablesmaybecompressedwithHCCusingthefollowingsyntax:

CREATE TABLE ... COMPRESS FOR QUERY LOW; 
CREATE TABLE ... COMPRESS FOR QUERY HIGH; 
CREATE TABLE ... COMPRESS FOR ARCHIVE LOW; 
CREATE TABLE ... COMPRESS FOR ARCHIVE HIGH; 

Youmayalsochangeatable’scompressionattributebyusingtheALTER TABLEstatement.However,
thiscommandhasnoeffectonexistingrecordsunlessyouactuallyrebuildthesegmentusingtheMOVE
keyword.WithouttheMOVEkeyword,theALTER TABLEcommandmerelynotifiesOraclethatfuturedirect
pathinsertsshouldbestoredusingHCC.Bytheway,youcanseewhichformofcompressionatableis
assigned,ifany,usingaquerylikethis:

SYS@SANDBOX1> select owner, table_name, compress_for 
  2  from dba_tables 
  3  where compression = ‘ENABLED’ 
  4  and compress_for like nvl('&format',compress_for) 
  5* order by 1,2; 
 
OWNER                          TABLE_NAME                     COMPRESS_FOR 
------------------------------ ------------------------------ ------------ 
KSO                            SKEW2_BASIC                    BASIC 
KSO                            SKEW2_HCC1                     QUERY LOW 
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KSO                            SKEW2_HCC2                     QUERY HIGH 
KSO                            SKEW2_HCC3                     ARCHIVE LOW 
KSO                            SKEW2_HCC4                     ARCHIVE HIGH 
KSO                            SKEW2_OLTP                     OLTP 
 
6 rows selected. 

Ofcourse,thecurrentassignmentmayhavenothingtodowiththestorageformatinuseforanyor
alloftheblocksthatstoredataforagiventable.Hereisaquickexample:

SYS@SANDBOX1> !cat table_size2.sql 
compute sum of totalsize_megs on report 
break on report 
col owner for a20 
col segment_name for a30 
col segment_type for a10 
col totalsize_megs for 999,999.9 
select s.owner, segment_name,  
sum(bytes/1024/1024) as totalsize_megs, compress_for 
from dba_segments s, dba_tables t 
where s.owner = t.owner 
and t.table_name = s.segment_name 
and s.owner like nvl('&owner',s.owner) 
and t.table_name like nvl('&table_name',segment_name) 
group by s.owner, segment_name, compress_for 
order by 3; 
 
SYS@SANDBOX1> @table_size2 
Enter value for owner: KSO 
Enter value for table_name: SKEW 
 
OWNER                SEGMENT_NAME                   TOTALSIZE_MEGS COMPRESS_FOR 
-------------------- ------------------------------ -------------- ------------ 
KSO                  SKEW                                  1,460.3 
                                                    -------------- 
sum                                                        1,460.3 
 
1 row selected. 
 
Elapsed: 00:00:00.31 
SYS@SANDBOX1> alter table kso.skew compress for ARCHIVE HIGH; 
 
Table altered. 
 
Elapsed: 00:00:00.02 
SYS@SANDBOX1> @table_size2 
Enter value for owner: KSO 
Enter value for table_name: SKEW 
 
OWNER                SEGMENT_NAME                   TOTALSIZE_MEGS COMPRESS_FOR 
-------------------- ------------------------------ -------------- ------------ 
KSO                  SKEW                                  1,460.3 ARCHIVE HIGH 
                                                    -------------- 
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sum                                                        1,460.3 
 
1 row selected. 
 
Elapsed: 00:00:00.02 
SYS@SANDBOX1> -- It says ARCHIVE HIGH, but obviously the data has not been compressed. 
SYS@SANDBOX1> 
SYS@SANDBOX1> alter table kso.skew move compress for query low parallel 32; 
 
Table altered. 
 
Elapsed: 00:00:09.60 
SYS@SANDBOX1> @table_size2 
Enter value for owner: KSO 
Enter value for table_name: SKEW 
 
OWNER                SEGMENT_NAME                   TOTALSIZE_MEGS COMPRESS_FOR 
-------------------- ------------------------------ -------------- ------------ 
KSO                  SKEW                                    301.3 QUERY LOW 
                                                    -------------- 
sum                                                          301.3 
 
Elapsed: 00:00:00.02 

YoucouldprobablyguessthatthefirstALTERcommand(withouttheMOVEkeyword)didn’treallydo
anythingtotheexistingdata.Itonlytookafewhundredthsofasecond,afterall.Andasyoucansee
whenwelookedatthesizeofthetable,itdidnotcompresstheexistingdata,eventhoughthedata
dictionarynowsaysthetableisinARCHIVE HIGHmode.WhenweaddedtheMOVEkeyword,thetablewas
actuallyrebuiltwiththenewcompressionsettingusingdirectpathinsertsandasyoucansee,thedata
hasbeencompressedfromtheoriginal1,406MBto301MB.

InthissectionwebrieflydescribedeachofthethreetypesofcompressionavailableinOracle.Since
thischapterisfocusedonHCC,wewon’tdiscusstheothermethodsfurtherexceptastheyrelatetohow
HCCworks.

HCC Mechanics 
HCCworksbystoringdatainanontraditionalformat—nontraditionalforOracle,anyway.Datastored
usingHCCstillresidesinOracleblocks,andeachblockstillhasablockheader.Butthedatastoragehas
beenreorganized.Inthefirstplace,theblocksarecombinedintologicalstructurescalledcompression 
units,orCUs.ACUconsistsofmultipleOracleblocks(usuallyaddingupto32Kor64K).Figure3-5
showsalogicalrepresentationofhowCUsarelaidout.
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Figure 3-5. Layout of an HCC Compression Unit  

Noticethattherowsarenolongerstoredtogether.Insteadthedataisorganizedbycolumnwithin
thecompressionunit.Thisisnotatruecolumnorientedstorageformatbutratheracrossbetween
columnorientedandroworiented.RememberthatthesortingisdoneonlywithinasingleCU.Thenext
CUwillstartoverwithColumn1again.Theadvantageofthisformatisthatitallowsanyrowtoberead
initsentiretybyreadingasingleCU.Withatruecolumnorientedstorageformatyouwouldhaveto
performaseparatereadforeachcolumn.Thedisadvantageisthatreadinganindividualrecordwill
requirereadingamulti-blockCUinsteadofasingleblock.Ofcoursefulltablescanswillnotsuffer,
becausealltheblockswillberead.We’lltalkmoreaboutthistrade-offalittlelaterbutyoushould
alreadybethinkingthatthislimitationcouldmakeHCClessattractivefortablesthatneedtosupport
lotsofsinglerowaccess.

Thesortingbycolumnisactuallydonetoimprovetheeffectivenessofthecompressionalgorithms,
nottogetperformancebenefitsofcolumnorientedstorage.Thisiswherethename“HybridColumnar
Compression”comesfromandwhyExadatahasnotbeenmarketedasacolumnorienteddatabase.The
nameisactuallyverydescriptiveofhowthefeatureactuallyworks.

HCC Performance 
Therearethreeareasofconcernwhendiscussingperformancerelatedtotablecompression.Thefirst,
load performance,ishowlongittakestocompressthedata.Sincecompressiononlytakesplaceon
directpathloads,thisisessentiallyameasurementoftheimpactofloadingdata.Thesecondareaof
concern,query performance,istheimpactofdecompressionandothersideeffectsonqueriesagainst
thecompresseddata.Thethirdareaofconcern,DML performance,istheimpactcompression
algorithmshaveonotherDMLactivitiessuchasUpdatesandDeletes.

LoadPerformance
Asyoumightexpect,loadtimetendstoincreasewiththeamountofcompressionapplied.Asthesaying
goes,“Thereisnosuchthingasafreepuppy.”Whenyoucomparecostsintermsofincreasedloadtime
withthebenefitprovidedbyincreasedcompressionratio,thetwoZlib-basedoptions(QUERY LOWand
ARCHIVE HIGH)appeartoofferthebesttrade-off.Here’salistingshowingthesyntaxforgenerating
compressedversionsofa15Gtablealongwithtiminginformation.

SYS@SANDBOX1> @hcc_build3 
SYS@SANDBOX1> set timing on 
SYS@SANDBOX1> set echo on 
SYS@SANDBOX1> create table kso.skew3_none nologging parallel 8 
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  2  as select /*+ parallel (a 8) */ * from acolvin.skew3 a; 
 
Table created. 
 
Elapsed: 00:00:42.76  
SYS@SANDBOX1> create table kso.skew3_basic nologging parallel 8 compress 
  2  as select /*+ parallel (a 8) */ * from acolvin.skew3 a; 
 
Table created. 
 
Elapsed: 00:01:35.97 
SYS@SANDBOX1> create table kso.skew3_oltp nologging parallel 8 compress for oltp 
  2  as select /*+ parallel (a 8) */ * from acolvin.skew3 a; 
 
Table created. 
 
Elapsed: 00:01:24.58 
SYS@SANDBOX1> create table kso.skew3_hcc1 nologging parallel 8 compress for query low 
  2  as select /*+ parallel (a 8) */ * from acolvin.skew3 a; 
 
Table created. 
 
Elapsed: 00:00:56.57 
SYS@SANDBOX1> create table kso.skew3_hcc2 nologging parallel 8 compress for query high 
  2  as select /*+ parallel (a 8) */ * from acolvin.skew3 a; 
 
Table created. 
 
Elapsed: 00:01:56.49 
SYS@SANDBOX1> create table kso.skew3_hcc3 nologging parallel 8 compress for archive low 
  2  as select /*+ parallel (a 8) */ * from acolvin.skew3 a; 
 
Table created. 
 
Elapsed: 00:01:53.43 
SYS@SANDBOX1> create table kso.skew3_hcc4 nologging parallel 8 compress for archive high 
  2  as select /*+ parallel (a 8) */ * from acolvin.skew3 a; 
 
Table created. 
 
Elapsed: 00:08:55.58 
SYS@SANDBOX1> set timing off 
SYS@SANDBOX1> set echo off 
SYS@SANDBOX1> @table_size2 
Enter value for owner:  
Enter value for table_name: SKEW3 
Enter value for type:  
 
OWNER                SEGMENT_NAME                   TYPE               TOTALSIZE_MEGS 
-------------------- ------------------------------ ------------------ -------------- 
ACOLVIN              SKEW3                          TABLE                    15,347.5 
                                                                       -------------- 



CHAPTER3HYBRIDCOLUMNARCOMPRESSION

75

sum                                                                          15,347.5 
 
1 row selected. 
 
SYS@SANDBOX> !cat comp_ratio.sql 
compute sum of totalsize_megs on report 
break on report 
col owner for a10 
col segment_name for a20 
col segment_type for a10 
col totalsize_megs for 999,999.9 
col compression_ratio for 999.9  
select owner, segment_name, segment_type type, 
sum(bytes/1024/1024) as totalsize_megs, 
&original_size/sum(bytes/1024/1024) as compression_ratio 
from dba_segments 
where owner like nvl('&owner',owner) 
and segment_name like nvl('&table_name',segment_name) 
and segment_type like nvl('&type',segment_type) 
group by owner, segment_name, tablespace_name, segment_type 
order by 5; 
 
SYS@SANDBOX1> @comp_ratio 
Enter value for original_size: 15347.5 
Enter value for owner: KSO 
Enter value for table_name: SKEW3% 
Enter value for type:  
 
OWNER      SEGMENT_NAME         TYPE               TOTALSIZE_MEGS COMPRESSION_RATIO 
---------- -------------------- ------------------ -------------- ----------------- 
KSO        SKEW3_NONE           TABLE                    15,370.8               1.0 
KSO        SKEW3_OLTP           TABLE                    10,712.7               1.4 
KSO        SKEW3_BASIC          TABLE                     9,640.7               1.6 
KSO        SKEW3_HCC1           TABLE                     3,790.1               4.0 
KSO        SKEW3_HCC3           TABLE                       336.9              45.6 
KSO        SKEW3_HCC2           TABLE                       336.7              45.6 
KSO        SKEW3_HCC4           TABLE                       274.3              55.9 
                                                   -------------- 
sum                                                      25,091.4 
 
7 rows selected. 

ThelistingshowsthecommandsusedtocreatecompressedversionsoftheSKEW3table.Wealso
loadedanuncompressedversionforatimingreference.NotealsothattheSKEW3tableishighly
compressibleduetomanyrepeatingvaluesinasmallnumberofcolumns.It’salittlehardtopickout
theinformationfromthelisting,soTable3-2summarizesthedatainamoreeasilydigestedformat.
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Table 3-2. HCC Load Times vs.Compression Ratios for SKEW3 

Table Name Compress For Compression Ratio Load Time Load Time Ratio 

SKEW3    

SKEW3_NONE 1.0 00:00:42.76 1.0

SKEW3_OLTP OLTP 1.400:0 1:35.97 2.2

SKEW3_BASIC BASIC 1.600:0 1:24.58 2.0

SKEW3_HCC1 QUERY LOW 4.000:0 0:56.57 1.3

SKEW3_HCC2 QUERY HIGH 45.600:0 1:56.49 2.7

SKEW3_HCC3 ARCHIVE LOW 45.600:0 1:53.43 2.7

SKEW3_HCC4 ARCHIVE HIGH 55.900:0 8:55.5812.5


Soasyoucansee,QUERY HIGHandARCHIVE LOWcompressionlevelsresultedinalmostexactlythe

samecompressionratios(45.6)forthisdatasetandtookroughlythesameamountoftimetoload.
Loadingisdefinitelyslowerwithcompressionandforthisdatasetwassomewherebetween2and3
timesslower(withtheexceptionofARCHIVE HIGH,whichwe’llcomebackto).Noticethehugejumpin
compressionbetweenQUERY LOWandQUERY HIGH.Whiletheloadtimeroughlydoubled,thecompression
ratioimprovedbyafactorof10.Forthisdataset,thisisclearlythesweetspotwhencomparingloadtime
tocompressionratio.

Nowlet’sturnourattentiontotheARCHIVE HIGHcompressionsetting.Intheprevioustestwedidnot
attempttomaximizetheloadtime.Ourchoiceof8isactuallyaratherpedestriansettingforparallelism
onExadata.Inaddition,ourparallelslaveprocesseswerelimitedtoasinglenodeviathe
PARALLEL_FORCE_LOCALparameter(we’lltalkmoreaboutthatinChapter6).Soourloadprocesswasusing
atotalofeightslavesonasinglenode.Here’ssomeoutputfromtheUnixtopcommandshowinghow
thesystemwasbehavingduringtheload:

===First HCC4 run (8 slaves) 
top - 19:54:14 up 2 days, 11:31,  5 users,  load average: 2.79, 1.00, 1.09 
Tasks: 832 total,   9 running, 823 sleeping,   0 stopped,   0 zombie 
Cpu(s): 50.5%us,  0.6%sy,  0.0%ni, 48.8%id,  0.1%wa,  0.0%hi,  0.0%si,  0.0%st 
Mem:  74027752k total, 29495080k used, 44532672k free,   111828k buffers 
Swap: 16771852k total,  2120944k used, 14650908k free, 25105292k cached 
 
  PID USER      PR  NI  VIRT  RES  SHR S %CPU %MEM    TIME+   COMMAND 
19440 oracle    25   0 10.1g  86m  55m R 99.9  0.1   0:21.25 ora_p001_SANDBOX1 
19451 oracle    25   0 10.1g  86m  55m R 99.9  0.1   0:21.21 ora_p002_SANDBOX1  
19465 oracle    25   0 10.1g  86m  55m R 99.9  0.1   0:21.34 ora_p003_SANDBOX1  
19468 oracle    25   0 10.1g  87m  55m R 99.9  0.1   0:20.22 ora_p004_SANDBOX1 
19479 oracle    25   0 10.1g  86m  55m R 99.9  0.1   0:21.21 ora_p005_SANDBOX1 
19515 oracle    25   0 10.1g  86m  54m R 99.9  0.1   0:21.18 ora_p006_SANDBOX1 
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19517 oracle    25   0 10.1g  88m  50m R 99.9  0.1   0:27.59 ora_p007_SANDBOX1 
19401 oracle    25   0 10.1g  87m  54m R 99.5  0.1   0:21.31 ora_p000_SANDBOX1 

Clearly,loadingdataintoanARCHIVE HIGHcompressedtableisaCPU-intensiveprocess.Butnotice
thatwe’restillonlyusingabouthalftheprocessingpoweronthesingleDatabaseServer.Addingmore
processorsandmoreserversshouldmakeitgoconsiderablyfaster.Bytheway,it’susuallyworthwhileto
lookattheCPUusageduringtheuncompressedloadforcomparisonpurposes.Here’sanothersnapshot
fromtoptakenduringtheloadingoftheuncompressedversionoftheSKEW3table;inthisandsimilar
snapshots,we’vehighlightedoutputitemsofparticularinterest:

===No Compression Load 
top - 19:46:55 up 2 days, 11:23,  6 users,  load average: 1.21, 0.61, 1.20 
Tasks: 833 total,   2 running, 831 sleeping,   0 stopped,   0 zombie 
Cpu(s): 22.3%us,  1.4%sy,  0.0%ni, 75.9%id,  0.1%wa,  0.1%hi,  0.2%si,  0.0%st 
Mem:  74027752k total, 29273532k used, 44754220k free,   110376k buffers 
Swap: 16771852k total,  2135368k used, 14636484k free, 25074672k cached 
 
  PID USER      PR  NI  VIRT  RES  SHR S %CPU %MEM    TIME+  COMMAND 
15999 oracle    16   0 10.0g  72m  64m S 54.8  0.1   0:04.89 ora_p000_SANDBOX1 
16001 oracle    16   0 10.0g  72m  64m S 51.5  0.1   0:04.72 ora_p001_SANDBOX1 
16024 oracle    16   0 10.0g  69m  61m S 48.5  0.1   0:03.97 ora_p007_SANDBOX1 
16020 oracle    16   0 10.0g  70m  61m S 44.6  0.1   0:04.16 ora_p006_SANDBOX1 
16003 oracle    16   0 10.0g  71m  62m S 43.6  0.1   0:04.42 ora_p002_SANDBOX1 
16014 oracle    16   0 10.0g  71m  62m S 42.9  0.1   0:04.26 ora_p005_SANDBOX1 
16007 oracle    16   0 10.0g  69m  61m S 40.9  0.1   0:04.28 ora_p004_SANDBOX1 
16005 oracle    15   0 10.0g  72m  64m R 38.3  0.1   0:04.45 ora_p003_SANDBOX1 

Noticethatwhilethenumberofactiveprocessesisthesame(8),theCPUusageissignificantlyless
whenthedataisnotbeingcompressedduringtheload.Theotherlevelsofcompressionusesomewhat
lessCPU,butaremuchclosertoHCC4thantothenoncompressedload.

TospeeduptheARCHIVE HIGHloadingwecouldaddmoreprocessesorwecouldallowtheslavesto
runonmultiplenodes.Here’saquickexample:

SYS@SANDBOX1> alter system set parallel_force_local=false; 
 
System altered. 
 
Elapsed: 00:00:00.09 
SYS@SANDBOX1> create table kso.skew3_hcc4 nologging parallel 32 compress for archive high 
  2  as select /*+ parallel (a 32) */ * from kso.skew3 a; 
 
Table created. 
 
Elapsed: 00:03:18.96 

SettingthePARALLEL_FORCE_LOCALparametertoFALSEallowedslavestobespreadacrossboth
nodes.Settingtheparalleldegreeto32allowed16slavestorunoneachofthetwonodesinourquarter
racktestsystem.ThiseffectivelyutilizedalltheCPUresourcesonbothnodes.Here’sonelastsnapshot
oftopoutputfromoneofthenodesduringtheload.Theothernodeshowedthesamebasicprofile
duringtheload.

===Second HCC4 run (32 slaves) 
top - 18:32:43 up  2:10,  2 users,  load average: 18.51, 10.70, 4.70 
Tasks: 862 total,  19 running, 843 sleeping,   0 stopped,   0 zombie 
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Cpu(s): 97.3%us,  0.4%sy,  0.0%ni,  2.2%id,  0.0%wa,  0.0%hi,  0.0%si,  0.0%st 
Mem:  74027752k total, 35141864k used, 38885888k free,   192548k buffers 
Swap: 16771852k total,        0k used, 16771852k free, 30645208k cached 
 
  PID USER      PR  NI  VIRT  RES  SHR S %CPU %MEM    TIME+  COMMAND  
21657 oracle    25   0 10.1g 111m  72m R 99.1  0.2   5:20.16 ora_p001_SANDBOX2  
21663 oracle    25   0 10.1g 113m  80m R 99.1  0.2   5:11.11 ora_p004_SANDBOX2  
26481 oracle    25   0 10.1g  89m  54m R 99.1  0.1   3:07.37 ora_p008_SANDBOX2  
26496 oracle    25   0 10.1g  89m  54m R 99.1  0.1   3:06.88 ora_p015_SANDBOX2  
21667 oracle    25   0 10.1g 110m  73m R 98.5  0.2   5:16.09 ora_p006_SANDBOX2  
26483 oracle    25   0 10.1g  89m  53m R 98.5  0.1   3:06.63 ora_p009_SANDBOX2  
26488 oracle    25   0 10.1g  90m  52m R 98.5  0.1   3:08.71 ora_p011_SANDBOX2  
26485 oracle    25   0 10.1g  90m  54m R 97.9  0.1   3:04.54 ora_p010_SANDBOX2  
26490 oracle    25   0 10.1g  90m  54m R 97.9  0.1   3:04.46 ora_p012_SANDBOX2   
21655 oracle    25   0 10.1g 105m  70m R 97.3  0.1   5:13.22 ora_p000_SANDBOX2  
26494 oracle    25   0 10.1g  89m  52m R 97.3  0.1   3:03.42 ora_p014_SANDBOX2  
21661 oracle    25   0 10.1g 106m  73m R 95.4  0.1   5:12.65 ora_p003_SANDBOX2  
26492 oracle    25   0 10.1g  89m  54m R 95.4  0.1   3:08.13 ora_p013_SANDBOX2  
21659 oracle    25   0 10.1g 114m  79m R 94.8  0.2   5:13.42 ora_p002_SANDBOX2  
21669 oracle    25   0 10.1g 107m  72m R 90.5  0.1   5:10.19 ora_p007_SANDBOX2  
21665 oracle    25   0 10.1g 107m  67m R 86.2  0.1   5:18.80 ora_p005_SANDBOX2 

QueryPerformance
Ofcourse,loadtimeisnottheonlyperformancemetricofinterest.Querytimeismorecriticalthanload
timeformostsystemssincethedataisonlyloadedoncebutqueriedmanytimes.Queryperformanceis
amixedbagwhenitcomestocompression.Dependingonthetypeofquery,compressioncaneither
speedituporslowitdown.DecompressioncertainlyaddsoverheadinthewayofadditionalCPUusage,
butforqueriesthatarebottleneckedondiskaccess,reducingthenumberofblocksthatmustberead
canoftenoffsetandinmanycasesmorethanmakeupfortheadditionaloverhead.Keepinmindthat
dependingontheaccessmechanismused,thedecompressioncanbedoneoneitherthestoragecells
(smartscans)oronthedatabasenodes.Here’sanexampleofrunningaCPU-intensiveprocedure:

SYS@SANDBOX1> !cat gather_table_stats.sql 
begin 
  dbms_stats.gather_table_stats( 
     '&owner','&table_name', 
     degree => 32, 
     method_opt => 'for all columns size 1' 
   ); 
end; 
/ 
 
SYS@SANDBOX1> @gather_table_stats 
Enter value for owner: ACOLVIN 
Enter value for table_name: SKEW3 
 
PL/SQL procedure successfully completed. 
 
Elapsed: 00:00:12.14 
SYS@SANDBOX1> @gather_table_stats 
Enter value for owner: KSO 
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Enter value for table_name: SKEW3_OLTP 
 
PL/SQL procedure successfully completed. 
 
Elapsed: 00:00:12.75 
SYS@SANDBOX1> @gather_table_stats 
Enter value for owner: KSO 
Enter value for table_name: SKEW3_BASIC 
 
PL/SQL procedure successfully completed. 
 
Elapsed: 00:00:12.60 
SYS@SANDBOX1> @gather_table_stats 
Enter value for owner: KSO 
Enter value for table_name: SKEW3_HCC1 
 
PL/SQL procedure successfully completed. 
 
Elapsed: 00:00:14.21 
SYS@SANDBOX1> @gather_table_stats 
Enter value for owner: KSO 
Enter value for table_name: SKEW3_HCC2 
 
PL/SQL procedure successfully completed. 
 
Elapsed: 00:00:14.94 
SYS@SANDBOX1> @gather_table_stats 
Enter value for owner: KSO 
Enter value for table_name: SKEW3_HCC3 
 
PL/SQL procedure successfully completed. 
 
Elapsed: 00:00:14.24 
SYS@SANDBOX1> @gather_table_stats 
Enter value for owner: KSO 
Enter value for table_name: SKEW3_HCC4 
 
PL/SQL procedure successfully completed. 
 
Elapsed: 00:00:21.33 

Andagainforclarity,Table3-3showsthetimingsinamorereadableformat.

Table 3-3. Statistics Gathering Timing for SKEW3 

Table Name Compress For Compression Ratio Run Time Run Time Ratio 

SKEW3  12.14 

SKEW3_OLTP OLTP 1.412.7 5 1.05
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Table Name Compress For Compression Ratio Run Time Run Time Ratio 

SKEW3_BASIC BASIC 1.612.6 0 1.04

SKEW3_HCC1 QUERY LOW 4.014.2 1 1.17

SKEW3_HCC2 QUERY HIGH 45.614.9 4 1.23

SKEW3_HCC3 ARCHIVE LOW 45.614.2 4 1.17

SKEW3_HCC4 ARCHIVE HIGH 55.921.3 3 1.76


GatheringstatisticsisaveryCPU-intensiveoperation.Spreadingthestat-gatheringacross16slave

processespernodealmostcompletelyutilizedtheCPUresourcesontheDBservers.Asyoucansee,the
compressionsloweddowntheprocessingenoughtooutweighthegainsfromthereducednumberof
datablocksthatneededtoberead.ThisisduetotheCPU-intensivenatureoftheworkbeingdone.
Here’sasnapshotoftopoutputtoverifythatthesystemisCPU-bound:

top - 14:40:50 up 4 days,  6:17, 10 users,  load average: 10.81, 4.16, 4.53 
Tasks: 841 total,  21 running, 820 sleeping,   0 stopped,   0 zombie 
Cpu(s): 96.1%us,  0.7%sy,  0.0%ni,  2.9%id,  0.0%wa,  0.0%hi,  0.3%si,  0.0%st 
Mem:  74027752k total, 34494424k used, 39533328k free,   345448k buffers 
Swap: 16771852k total,   568756k used, 16203096k free, 29226312k cached 
 
  PID USER      PR  NI  VIRT  RES  SHR S %CPU %MEM    TIME+  COMMAND 
16127 oracle    25   0 40.3g 146m 106m R 97.6  0.2  10:19.16 ora_p001_POC1  
16154 oracle    25   0 40.3g 145m 119m R 97.6  0.2  10:11.75 ora_p014_POC1  
16137 oracle    25   0 40.3g 144m 113m R 96.9  0.2  10:14.20 ora_p006_POC1  
16125 oracle    25   0 40.3g 139m 108m R 96.6  0.2  10:24.11 ora_p000_POC1  
16133 oracle    25   0 40.3g 147m 109m R 96.6  0.2  10:27.14 ora_p004_POC1  
16145 oracle    25   0 40.3g 145m 117m R 96.2  0.2  10:20.25 ora_p010_POC1  
16135 oracle    25   0 40.3g 154m 112m R 95.9  0.2  10:16.51 ora_p005_POC1  
16143 oracle    25   0 40.3g 135m 106m R 95.9  0.2  10:22.33 ora_p009_POC1  
16131 oracle    25   0 40.3g 156m 119m R 95.6  0.2  10:16.73 ora_p003_POC1 
16141 oracle    25   0 40.3g 143m 115m R 95.6  0.2  10:18.62 ora_p008_POC1 
16151 oracle    25   0 40.3g 155m 121m R 95.6  0.2  10:11.54 ora_p013_POC1 
16147 oracle    25   0 40.3g 140m 113m R 94.9  0.2  10:17.92 ora_p011_POC1 
16139 oracle    25   0 40.3g 155m 114m R 94.6  0.2  10:13.26 ora_p007_POC1 
16149 oracle    25   0 40.3g 156m 124m R 93.9  0.2  10:21.05 ora_p012_POC1 
16129 oracle    25   0 40.3g 157m 126m R 93.3  0.2  10:09.99 ora_p002_POC1 
16156 oracle    25   0 40.3g 141m 111m R 93.3  0.2  10:16.76 ora_p015_POC1 

Nowlet’slookataquerythatisI/O-intensive.ThistestusesaquerywithoutaWHEREclausethat
spendsmostofitstimeretrievingdatafromthestoragelayerviacell-smarttablescans:

SYS@SANDBOX1> @hcc_test3 
SYS@SANDBOX1> set timing on 
SYS@SANDBOX1> select /*+ parallel (a 32) */ sum(pk_col) from acolvin.skew3 a ; 
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SUM(PK_COL) 
----------- 
 6.1800E+15 
 
1 row selected. 
Elapsed: 00:00:06.21 
SYS@SANDBOX1> select /*+ parallel (a 32) */ sum(pk_col) from kso.skew3_oltp a ; 
 
SUM(PK_COL) 
----------- 
 6.1800E+15 
 
1 row selected. 
Elapsed: 00:00:05.79 
SYS@SANDBOX1> select /*+ parallel (a 32) */ sum(pk_col) from kso.skew3_basic a ; 
 
SUM(PK_COL) 
----------- 
 6.1800E+15 
 
1 row selected. 
 
Elapsed: 00:00:05.26 
SYS@SANDBOX1> select /*+ parallel (a 32) */ sum(pk_col) from kso.skew3_hcc1 a ; 
 
SUM(PK_COL) 
----------- 
 6.1800E+15 
 
1 row selected. 
 
Elapsed: 00:00:03.56 
SYS@SANDBOX1> select /*+ parallel (a 32) */ sum(pk_col) from kso.skew3_hcc2 a ; 
 
SUM(PK_COL) 
----------- 
 6.1800E+15 
 
1 row selected. 
 
Elapsed: 00:00:03.39 
SYS@SANDBOX1> select /*+ parallel (a 32) */ sum(pk_col) from kso.skew3_hcc3 a ; 
 
SUM(PK_COL) 
----------- 
 6.1800E+15 
 
1 row selected. 
 
Elapsed: 00:00:03.36 
SYS@SANDBOX1> select /*+ parallel (a 32) */ sum(pk_col) from kso.skew3_hcc4 a ; 
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SUM(PK_COL) 
----------- 
 6.1800E+15 
 
1 row selected. 
 
Elapsed: 00:00:04.78 

Table3-4showsthetimingsfortheunqualifiedqueryinatabularformat.

Table 3-4. Unqualified Query Timing on SKEW3 

Table Name Compress For Compression Ratio Run Time Run Time Ratio 

SKEW3  6.21 

SKEW3_OLTP OLTP 1.45.79 0.93

SKEW3_BASIC BASIC 1.65.26 0.85

SKEW3_HCC1 QUERY LOW 4.03.56 0.57

SKEW3_HCC2 QUERY HIGH 45.63.39 0.55

SKEW3_HCC3 ARCHIVE LOW 45.63.36 0.54

SKEW3_HCC4 ARCHIVE HIGH 55.94.78 0.77


ThequerydoesnotrequirealotofCPUresourcesontheDBserver.Asaresult,thesavingsinI/O

timemorethanoffsettheincreasedCPU.NotethattherathersignificantCPUrequirementsofthe
ARCHIVE HIGHdecompressioncausedtheelapsedtimetoincreaseforthistestoverthelessCPU-
intensivealgorithms.Nevertheless,itwasstillfasterthantheuncompressedrun.Here’sasnapshotof
topoutputwhileoneofthesequerieswasrunning.

top - 15:37:13 up 4 days,  7:14,  9 users,  load average: 5.00, 2.01, 2.50 
Tasks: 867 total,   7 running, 860 sleeping,   0 stopped,   0 zombie 
Cpu(s): 25.2%us,  0.9%sy,  0.0%ni, 73.4%id,  0.5%wa,  0.0%hi,  0.1%si,  0.0%st 
Mem:  74027752k total, 35193896k used, 38833856k free,   346568k buffers 
Swap: 16771852k total,   568488k used, 16203364k free, 29976856k cached 
 
  PID USER      PR  NI  VIRT  RES  SHR S %CPU %MEM    TIME+  COMMAND 
25414 oracle    16   0 10.0g  40m  31m S 33.0  0.1   0:13.75 ora_p001_SANDBOX1 
25474 oracle    15   0 10.0g  39m  30m S 32.4  0.1   0:13.54 ora_p012_SANDBOX1 
25472 oracle    15   0 10.0g  37m  29m S 28.8  0.1   0:13.45 ora_p011_SANDBOX1 
25420 oracle    16   0 10.0g  35m  28m R 27.8  0.0   0:13.71 ora_p004_SANDBOX1 
25418 oracle    15   0 10.0g  39m  31m R 27.4  0.1   0:13.78 ora_p003_SANDBOX1 
25435 oracle    15   0 10.0g  38m  30m S 27.4  0.1   0:13.46 ora_p008_SANDBOX1 
25478 oracle    15   0 10.0g  38m  30m S 27.1  0.1   0:13.75 ora_p014_SANDBOX1 
25428 oracle    15   0 10.0g  38m  31m S 24.8  0.1   0:13.81 ora_p005_SANDBOX1 
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25437 oracle    15   0 10.0g  38m  30m R 24.5  0.1   0:13.88 ora_p009_SANDBOX1 
25416 oracle    15   0 10.0g  39m  32m S 24.1  0.1   0:13.81 ora_p002_SANDBOX1 
25430 oracle    15   0 10.0g  39m  31m R 22.8  0.1   0:13.00 ora_p006_SANDBOX1 
25433 oracle    16   0 10.0g  40m  32m S 22.8  0.1   0:12.94 ora_p007_SANDBOX1 
25470 oracle    15   0 10.0g  38m  30m R 22.8  0.1   0:13.73 ora_p010_SANDBOX1 
25484 oracle    15   0 10.0g  38m  30m S 20.2  0.1   0:13.23 ora_p015_SANDBOX1 
25476 oracle    15   0 10.0g  37m  30m S 18.5  0.1   0:13.30 ora_p013_SANDBOX1 
25411 oracle    15   0 10.0g  38m  30m R 13.2  0.1   0:12.67 ora_p000_SANDBOX1 

DMLPerformance
Generallyspeaking,recordsthatwillbeupdatedshouldnotbecompressed.Whenyouupdatearecord
inanHCCtable,therecordwillbemigratedtoanewablockthatisflaggedasanOLTPcompressed
block.Ofcourse,apointerwillbeleftbehindsothatyoucanstillgettotherecordviaitsoldrowid,but
therecordwillbeassignedanewrowidaswell.SinceupdatedrecordsaredowngradedtoOLTP
compressionyouneedtounderstandhowthatcompressionmechanismworksonupdates.Figure3-6
demonstrateshownon-directpathloadsintoanOLTPblockareprocessed.
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Compressed
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Compressed
Block

Compressed
Block



Figure 3-6. The OLTP compression process for non-direct path loads  

Theprogressionofstatesmovesfromlefttoright.Rowsareinitiallyloadedinanuncompressed
state.Astheblockfillstothepointwherenomorerowscanbeinserted,therowdataintheblockis
compressed.Theblockisthenplacedbackonthefreelistandiscapableofacceptingmore
uncompressedrows.ThismeansthatinanOLTP-compressedtable,blockscanbeinvariousstatesof
compression.Allrowscanbecompressed,somerowscanbecompressed,ornorowscanbe
compressed.ThisisexactlyhowrecordsinHCCblocksbehavewhentheyareupdated.Acoupleof
exampleswilldemonstratethisbehavior.Thefirstwillshowhowthesizeofatablecanballoonwith
updates.

SYS@SANDBOX1> @table_size2 
Enter value for owner: KSO 
Enter value for table_name: SKEW 
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OWNER                SEGMENT_NAME                   TOTALSIZE_MEGS COMPRESS_FOR 
-------------------- ------------------------------ -------------- ------------ 
KSO                  SKEW                                  1,460.3 
                                                    -------------- 
sum                                                        1,460.3 
 
1 row selected. 
 
SYS@SANDBOX1> create table kso.skew_hcc3 nologging parallel 16 compress for archive low 
  2  as select * from kso.skew a; 
 
Table created. 
 
SYS@SANDBOX1> @table_size2 
Enter value for owner: KSO 
Enter value for table_name: SKEW_HCC3 
 
OWNER                SEGMENT_NAME                   TOTALSIZE_MEGS COMPRESS_FOR 
-------------------- ------------------------------ -------------- ------------ 
KSO                  SKEW_HCC3                                23.0 ARCHIVE LOW 
                                                    -------------- 
sum                                                           23.0 
 
1 row selected. 
 
SYS@SANDBOX1> update /*+ parallel (a 32) */ kso.skew_hcc3 a set col1=col1; 
 
32000004 rows updated. 
 
SYS@SANDBOX1> @table_size2 
Enter value for owner: KSO 
Enter value for table_name: SKEW_HCC3 
 
OWNER                SEGMENT_NAME                   TOTALSIZE_MEGS COMPRESS_FOR 
-------------------- ------------------------------ -------------- ------------ 
KSO                  SKEW_HCC3                               916.0 ARCHIVE LOW 
                                                    -------------- 
sum                                                          916.0 
 
1 row selected. 
 
SYS@SANDBOX1> -- Check how this compares to direct path load OLTP table. 
SYS@SANDBOX1> 
SYS@SANDBOX1> create table kso.skew_oltp nologging parallel 16 compress for oltp 
  2  as select /*+ parallel (a 16) */ * from kso.skew a; 
 
Table created. 
 
SYS@SANDBOX1> @table_size2 
Enter value for owner: KSO 
Enter value for table_name: SKEW_OLTP 
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OWNER                SEGMENT_NAME                   TOTALSIZE_MEGS COMPRESS_FOR 
-------------------- ------------------------------ -------------- ------------ 
KSO                  SKEW_OLTP                               903.1 OLTP 
                                                    -------------- 
sum                                                          903.1 
 
1 row selected. 
 
SYS@SANDBOX1> @comp_ratio 
Enter value for original_size: 1460.3 
Enter value for owner: KSO 
Enter value for table_name: SKEW%    
Enter value for type:  
 
OWNER      SEGMENT_NAME         TYPE               TOTALSIZE_MEGS COMPRESSION_RATIO 
---------- -------------------- ------------------ -------------- ----------------- 
KSO        SKEW                 TABLE                     1,460.3               1.0 
KSO        SKEW_HCC3            TABLE                       916.0               1.6 
KSO        SKEW_OLTP            TABLE                       903.1               1.6 
                                                   -------------- 
sum                                                       3,279.4 
 
3 rows selected. 

ThisoutputshowsthatupdatingalltherecordsinanHCCARCHIVE LOWtableexpandedittoa
slightlylargerfootprintthananOLTP-compressed(viadirectpathload)versionofthesametable.
Interestinglyenough,theupdatestatementspentmostofitstimewaitingonBUFFER BUSY WAITS.
Apparentlythereisnotaspecificwaiteventforwhenaprocessiswaitingwhileablockisbeing
compressed.Hereisthecompletesetofeventsthattheupdatestatementwaitedon(froma10046trace
fileprocessedwithtkprof),alongwithper-secondsessionstatistics(bothfromoneoftheparallelslave
processes):

Elapsed times include waiting on following events: 
  Event waited on                             Times   Max. Wait  Total Waited 
  ----------------------------------------   Waited  ----------  ------------ 
  cursor: pin S wait on X                         1        0.01          0.01 
  PX Deq: Execution Msg                          16       67.43         68.15 
  cell multiblock physical read                  14        0.00          0.02 
  resmgr:cpu quantum                             90        0.01          0.14 
  buffer busy waits                            2077        3.54        139.84 
  latch: cache buffers chains                  2068        0.34          6.75 
  enq: TX - contention                           66        0.27          0.33 
  enq: HW - contention                          142        1.55         16.56 
  latch: redo allocation                        361        0.25          1.51 
  global enqueue expand wait                     19        0.00          0.00 
  gc current multi block request                 67        0.00          0.03 
  KJC: Wait for msg sends to complete            16        0.00          0.00 
  log buffer space                              230        0.28         12.44 
  latch: enqueue hash chains                     28        0.00          0.01 
  latch: ges resource hash list                  20        0.01          0.05 
  log file switch completion                      5        0.30          0.88 
  enq: FB - contention                           61        0.03          0.12 
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  enq: US - contention                          439        3.98         82.64 
  Disk file operations I/O                      110        0.00          0.02 
  control file sequential read                  720        0.17          1.64 
  cell single block physical read               131        0.05          0.26 
  db file single write                           72        0.06          0.23 
  KSV master wait                               431        2.10          5.24 
  ASM file metadata operation                   144        0.00          0.01 
  kfk: async disk IO                             36        0.09          0.35 
  cell smart file creation                     4779        0.08          1.05 
  CSS operation: action                           1        0.00          0.00 
  enq: CF - contention                           36        0.19          0.24 
  control file parallel write                   108        0.09          0.95 
  DFS lock handle                               252        0.38          3.06 
  undo segment extension                        163        1.02          9.95 
  L1 validation                                   2        0.01          0.01 
  reliable message                               50        0.00          0.05 
  latch: row cache objects                        1        0.00          0.00 
  gc cr grant 2-way                               1        0.00          0.00 
  gc cr multi block request                       4        0.00          0.00 
  log file switch (checkpoint incomplete)         6        3.29          4.15 
  latch: undo global data                         3        0.00          0.00 
  latch free                                      7        0.05          0.07 
  latch: gc element                               4        0.00          0.00 
  wait list latch free                            2        0.00          0.00 
  log file sync                                   1        0.00          0.00 
  latch: object queue header operation            3        0.00          0.00 
 
 
Stat Name                               Events/Sec 
--------------------------------------- ---------- 
HSC OLTP Space Saving                       30,485 
HSC OLTP Compressed Blocks                      10 
HSC Compressed Segment Block Changes         8,314 
STAT, HSC Heap Segment Block Changes         8,314 
STAT, HSC OLTP Non Compressible Blocks          10 
STAT, HSC OLTP positive compression             20 
HSC OLTP inline compression                     20 

ThesecondexampledemonstratesthatarowismigratedfromanHCCblockwhenitisupdated.
Basicallywe’llupdateasinglerow,seethatitsrowidhaschanged,verifythatwecanstillgettothe
recordviaitsoriginalrowid,andchecktoseeiftheTABLE FETCH CONTINUED ROWstatisticgetsupdated
whenweaccesstherowviaitsoriginalrowid.

SYS@SANDBOX1> @table_size2 
Enter value for owner: KSO 
Enter value for table_name: SKEW_HCC3 
 
OWNER                SEGMENT_NAME                   TOTALSIZE_MEGS COMPRESS_FOR 
-------------------- ------------------------------ -------------- ------------ 
KSO                  SKEW_HCC3                                18.6 ARCHIVE LOW 
                                                    -------------- 
sum                                                           18.6 
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SYS@SANDBOX1> select count(*) from kso.skew_hcc3 where pk_col=16367; 
 
  COUNT(*) 
---------- 
         1 
 
SYS@SANDBOX1> select rowid, old_rowid(rowid) old_rowid_format 
  2 from kso.skew_hcc3 where pk_col=16367; 
 
ROWID              OLD_ROWID_FORMAT 
------------------ -------------------- 
AAATCBAAIAAF8uSFc9 8.1559442.22333 
 
SYS@SANDBOX1> -- So our row is in file 8, block 1559442, row 22333 
SYS@SANDBOX1>  
SYS@SANDBOX1> update kso.skew_hcc3 set col1=col1 where pk_col=16367; 
 
1 row updated. 
 
SYS@SANDBOX1> select rowid, old_rowid(rowid) OLD_ROWID_FORMAT 
  2 from kso.skew_hcc3 where pk_col=16367; 
 
ROWID              OLD_ROWID_FORMAT 
------------------ -------------------- 
AAATCBAAHAAMGMMAAA 7.3171084.0 
 
SYS@SANDBOX1> -- Ha! The rowid has changed – the row moved to file 7 
SYS@SANDBOX1>  
SYS@SANDBOX1> -- Let's see if we can still get to it via the original rowid 
SYS@SANDBOX1>  
SYS@SANDBOX1> select pk_col from kso.skew_hcc3 where rowid = 'AAATCBAAIAAF8uSFc9'; 
 
    PK_COL 
---------- 
     16367 
 
SYS@SANDBOX1> -- Yes we can! – can we use the new rowid? 
SYS@SANDBOX1>  
SYS@SANDBOX1> select pk_col from kso.skew_hcc3 where rowid = 'AAATCBAAHAAMGMMAAA'; 
 
    PK_COL 
---------- 
     16367 
 
SYS@SANDBOX1> -- That works too! – It’s a migrated Row! 
SYS@SANDBOX1> -- Let’s verify with “continued row” stat 
SYS@SANDBOX1>  
SYS@SANDBOX1> @mystats 
Enter value for name: table fetch continued row 
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NAME                                                                             VALUE 
---------------------------------------------------------------------- --------------- 
table fetch continued row                                                         2947 
 
SYS@SANDBOX1> -- select via the original rowid 
SYS@SANDBOX1>  
SYS@SANDBOX1> select pk_col from kso.skew_hcc3 where rowid = 'AAATCBAAIAAF8uSFc9'; 
 
    PK_COL 
---------- 
     16367 
 
SYS@SANDBOX1> @mystats 
Enter value for name: table fetch continued row 
 
NAME                                                                             VALUE 
---------------------------------------------------------------------- --------------- 
table fetch continued row                                                         2948 
 
SYS@SANDBOX1> -- Stat is incremented – so definitely a migrated row! 

Sotherowhasdefinitelybeenmigrated.Nowlet’sverifythatthemigratedrowisnotcompressed.
Wecandothisbydumpingtheblockwherethenewlymigratedrecordresides.Butbeforewelookatthe
migratedrowlet’shavealookattheoriginalblock.

SYS@SANDBOX1> !cat dump_block.sql 
@find_trace 
alter system dump datafile &fileno block &blockno; 
 
SYS@SANDBOX1> @dump_block 
 
TRACEFILE_NAME 
------------------------------------------------------------------------------------ 
/u01/app/oracle/diag/rdbms/sandbox/SANDBOX1/trace/SANDBOX1_ora_5191.trc 
 
Enter value for fileno: 7 
Enter value for blockno: 3171084 
 
System altered. 

Nowlet’slookatthetracefileproducedinthetracedirectory.Hereisanexcerptfromtheblock
dump.

Block header dump:  0x01f0630c 
 Object id on Block? Y 
 seg/obj: 0x13081  csc: 0x01.1e0574d4  itc: 3  flg: E  typ: 1 - DATA 
     brn: 0  bdba: 0x1f06300 ver: 0x01 opc: 0 
     inc: 0  exflg: 0 
 
 Itl           Xid                  Uba         Flag  Lck        Scn/Fsc 
0x01   0x002f.013.00000004  0x00eec383.01f2.44  ----    1  fsc 0x0000.00000000 
0x02   0x0000.000.00000000  0x00000000.0000.00  ----    0  fsc 0x0000.00000000 
0x03   0x0000.000.00000000  0x00000000.0000.00  ----    0  fsc 0x0000.00000000 
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bdba: 0x01f0630c 
data_block_dump,data header at 0x2b849c81307c 
=============== 
tsiz: 0x1f80 
hsiz: 0x14 
pbl: 0x2b849c81307c 
     76543210 
flag=-------- 
ntab=1 
nrow=1 
frre=-1 
fsbo=0x14 
fseo=0x1f60 
avsp=0x1f4c 
tosp=0x1f4c 
0xe:pti[0]      nrow=1  offs=0 
0x12:pri[0]     offs=0x1f60 
block_row_dump: 
tab 0, row 0, @0x1f60 
tl: 32 fb: --H-FL-- lb: 0x1  cc: 5 
col  0: [ 4]  c3 02 40 44 
col  1: [ 2]  c1 02 
col  2: [10]  61 73 64 64 73 61 64 61 73 64 
col  3: [ 7]  78 6a 07 15 15 0b 32 
col  4: [ 1]  59 
end_of_block_dump 

TheblockisnotcompressedandconformstothenormalOracleblockformat.Noticethatthereis
onlyonerowintheblock(nrows=1).Alsonoticethatthe data_object_idisincludedintheblockinhex
format(seg/obj: 0x13081).Thetablehasfivecolumns.Thevaluesaredisplayed,alsoinhexformat.Just
toverifythatwehavetherightblock,wecantranslatethedata_object_idandthevalueofthefirst
columnasfollows:

SYS@SANDBOX1> !cat obj_by_hex.sql 
col object_name for a30 
select owner, object_name, object_type 
from dba_objects 
where data_object_id = to_number(replace('&hex_value','0x',''),'XXXXXX'); 
 
SYS@SANDBOX1> @obj_by_hex 
Enter value for hex_value: 0x13081 
 
OWNER                          OBJECT_NAME                    OBJECT_TYPE 
------------------------------ ------------------------------ ------------------- 
KSO                            SKEW_HCC3                      TABLE 
 
 
SYS@SANDBOX1> desc kso.skew_hcc3 
 Name                          Null?    Type 
 ----------------------------- -------- -------------------- 
 PK_COL                                 NUMBER 
 COL1                                   NUMBER 
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 COL2                                   VARCHAR2(30) 
 COL3                                   DATE 
 COL4                                   VARCHAR2(1) 
 
SYS@SANDBOX1> @display_raw 
Enter value for string: c3 02 40 44 
Enter value for type: NUMBER 
 
VALUE 
-------------------------------------------------- 
16367 

Asyoucansee,thisistherecordthatweupdatedintheSKEW_HCC3table.Justasanaside,itis
interestingtoseehowthecompressedblockformatdiffersfromthestandarduncompressedformat.
HereisasnippetfromtheoriginalblockinourexamplethatiscompressedforARCHIVE LOW.

=============== 
tsiz: 0x1f80 
hsiz: 0x1c 
pbl: 0x2b5d7d5cea7c 
     76543210 
flag=-0------ 
ntab=1 
nrow=1 
frre=-1 
fsbo=0x1c 
fseo=0x30 
avsp=0x14 
tosp=0x14 
        r0_9ir2=0x0 
        mec_kdbh9ir2=0x0 
                      76543210 
        shcf_kdbh9ir2=---------- 
                  76543210 
        flag_9ir2=--R-----      Archive compression: Y 
                fcls_9ir2[0]={ } 
0x16:pti[0]     nrow=1  offs=0 
0x1a:pri[0]     offs=0x30 
block_row_dump: 
tab 0, row 0, @0x30 
tl: 8016 fb: --H-F--N lb: 0x2  cc: 1 
nrid:  0x0217cbd4.0 
col  0: [8004] 
Compression level: 03 (Archive Low) 
 Length of CU row: 8004 
kdzhrh: ------PC CBLK: 2 Start Slot: 00 
 NUMP: 02 
 PNUM: 00 POFF: 7974 PRID: 0x0217cbd4.0 
 PNUM: 01 POFF: 15990 PRID: 0x0217cbd5.0 
CU header: 
CU version: 0   CU magic number: 0x4b445a30 
CU checksum: 0xf0529582 
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CU total length: 21406 
CU flags: NC-U-CRD-OP 
ncols: 5 
nrows: 32759 
algo: 0 
CU decomp length: 17269   len/value length: 1040997 
row pieces per row: 1 
num deleted rows: 1 
deleted rows: 0, 
START_CU: 
 00 00 1f 44 1f 02 00 00 00 02 00 00 1f 26 02 17 cb d4 00 00 00 00 3e 76 02 
 17 cb d5 00 00 00 4b 44 5a 30 82 95 52 f0 00 00 53 9e eb 06 00 05 7f f7 00 

Noticethatthisblockshowsthatitiscompressedatlevel3(ARCHIVE LOW).Alsonoticethatone
recordhasbeendeletedfromthisblock(migratedwouldbeamoreaccurateterm,asthisistherecord
thatweupdatedearlier).Thelinethatsaysdeleted rows:actuallyshowsalistoftherowsthathavebeen
migrated.Rememberthatweupdatedtherecordwithrowid7.3171084.0,meaningfile7,block3171084,
slot0.Sothislinetellsusthattheonedeletedrowwasinslot0.

■KevinSays:Iliketoremindpeopletobemindfulofthepotentialperformanceirregularitiesthatmayoccur
shouldatablecomprisedofEHCCdatametamorphoseintoatablethatisofmixedcompressiontypeswith
indirection.Thereshouldbenoexpectedlossinfunctionality;however,thereisanexpected,yetunpredictable,
impacttotherepeatabilityofscanperformance.Theunpredictablenatureisduetothefactthatitiscompletely
data-dependent.

Expected Compression Ratios 
HCCcanprovideveryimpressivecompressionratios.Themarketingmaterialhasclaimed10×
compressionratiosandbelieveitornot,thisisactuallyaveryachievablenumberformanydatasets.Of
coursetheamountofcompressiondependsheavilyonthedataandwhichofthefouralgorithmsis
applied.Thebestwaytodeterminewhatkindofcompressioncanbeachievedonyourdatasetistotest
it.Oraclealsoprovidesautility(oftenreferredtoastheCompressionAdvisor)tocompressasampleof
datafromatableinordertocalculateanestimatedcompressionratio.Thisutilitycanevenbeusedon
non-Exadataplatformsaslongastheyarerunning11.2.0.2orlater.Thissectionwillprovidesome
insightintotheCompressionAdvisorandprovidecompressionratiosonsomesamplerealworld
datasets.

CompressionAdvisor
Ifyoudon’thaveaccesstoanExadatabutstillwanttotesttheeffectivenessofHCC,youcanusethe
CompressionAdvisorfunctionalitythatisprovidedintheDBMS_COMPRESSIONpackage.The
GET_COMPRESSION_RATIOprocedureactuallyenablesyoutocompressasampleofrowsfromaspecified
table.Thisisnotanestimateofhowmuchcompressionmighthappen;thesamplerowsareinserted
intoatemporarytable.Thenacompressedversionofthattemporarytableiscreated.Theratioreturned
isacomparisonbetweenthesizesofthecompressedversionandtheuncompressedversion.Asof
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OracleDatabaseversion11.2.0.2,thisproceduremaybeusedonanon-Exadataplatformtoestimate
compressionratiosforvariouslevelsofHCCaswellasOLTPcompression.TheAdvisordoesnotworkon
non-ExadataplatformsrunningDatabaseversionspriorto11.2.0.2,althoughtheremaybeapatch
availabletoenablethisfunctionality.

TheCompressionAdvisormayalsobeusefulonExadataplatforms.Ofcourseyoucouldjust
compressatablewiththevariouslevelstoseehowwellitcompresses,butifthetablesareverylargethis
maynotbepractical.Inthiscaseyoumaybetemptedtocreateatemporarytablebyselectingthe
recordswhererownum < Xanddoyourcompressiontestonthatsubsetofrows.Andthat’sbasicallywhat
theAdvisordoes,althoughitisalittlesmarteraboutthesetofrecordsitchooses.Here’sanexampleof
itsuse:

SYS@SANDBOX1> !cat get_compression_ratio.sql 
set sqlblanklines on 
set feedback off 
accept owner - 
 prompt 'Enter Value for owner: ' 
accept table_name - 
 prompt 'Enter Value for table_name: ' 
accept comp_type - 
 prompt 'Enter Value for compression_type (OLTP): ' - 
 default 'OLTP' 
 
DECLARE 
 
   l_blkcnt_cmp     BINARY_INTEGER; 
   l_blkcnt_uncmp   BINARY_INTEGER; 
   l_row_cmp         BINARY_INTEGER; 
   l_row_uncmp      BINARY_INTEGER; 
   l_cmp_ratio       NUMBER; 
   l_comptype_str   VARCHAR2 (200); 
   l_comptype    number; 
BEGIN 
 
case '&&comp_type' 
            when 'OLTP' then l_comptype := DBMS_COMPRESSION.comp_for_oltp; 
            when 'QUERY' then l_comptype := DBMS_COMPRESSION.comp_for_query_low; 
            when 'QUERY_LOW' then l_comptype := DBMS_COMPRESSION.comp_for_query_low; 
            when 'QUERY_HIGH' then l_comptype := DBMS_COMPRESSION.comp_for_query_high; 
            when 'ARCHIVE' then l_comptype := DBMS_COMPRESSION.comp_for_archive_low; 
            when 'ARCHIVE_LOW' then l_comptype := DBMS_COMPRESSION.comp_for_archive_low; 
            when 'ARCHIVE_HIGH' then l_comptype := DBMS_COMPRESSION.comp_for_archive_high; 
          END CASE; 
 
   DBMS_COMPRESSION.get_compression_ratio ( 
      scratchtbsname   => 'USERS', 
      ownname           => '&owner', 
      tabname            => '&table_name', 
      partname           => NULL, 
      comptype           => l_comptype, 
      blkcnt_cmp        => l_blkcnt_cmp, 
      blkcnt_uncmp     => l_blkcnt_uncmp, 
      row_cmp            => l_row_cmp, 



CHAPTER3HYBRIDCOLUMNARCOMPRESSION

93

      row_uncmp        => l_row_uncmp, 
      cmp_ratio          => l_cmp_ratio, 
      comptype_str      => l_comptype_str 
   ); 
dbms_output.put_line(' '); 
   DBMS_OUTPUT.put_line ('Estimated Compression Ratio using '||l_comptype_str||': '|| 
round(l_cmp_ratio,3)); 
dbms_output.put_line(' '); 
 
END; 
/ 
undef owner 
undef table_name 
undef comp_type 
set feedback on 
 
SYS@SANDBOX1> @get_compression_ratio.sql 
Enter Value for owner: KSO 
Enter Value for table_name: SKEW3 
Enter Value for compression_type (OLTP):  
 
Estimated Compression Ratio using "Compress For OLTP": 1.4 
 
Elapsed: 00:00:07.50 
SYS@SANDBOX1> @get_compression_ratio.sql 
Enter Value for owner: KSO 
Enter Value for table_name: SKEW3 
Enter Value for compression_type (OLTP): QUERY LOW 
Compression Advisor self-check validation successful. select count(*) on both Uncompressed and 
EHCC Compressed format = 1000001 rows 
 
Estimated Compression Ratio using "Compress For Query Low": 4 
 
Elapsed: 00:01:04.14  
SYS@SANDBOX1> @get_compression_ratio.sql 
Enter Value for owner: KSO 
Enter Value for table_name: SKEW3 
Enter Value for compression_type (OLTP): QUERY HIGH 
Compression Advisor self-check validation successful. select count(*) on both Uncompressed and 
EHCC Compressed format = 1000001 rows 
 
Estimated Compression Ratio using "Compress For Query High": 42.4 
 
Elapsed: 00:01:01.42 
SYS@SANDBOX1> @get_compression_ratio.sql 
Enter Value for owner: KSO 
Enter Value for table_name: SKEW3 
Enter Value for compression_type (OLTP): ARCHIVE LOW 
Compression Advisor self-check validation successful. select count(*) on both Uncompressed and 
EHCC Compressed format = 1000001 rows 
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Estimated Compression Ratio using "Compress For Archive Low": 43.5 
 
Elapsed: 00:01:01.70 
SYS@SANDBOX1> @get_compression_ratio.sql 
Enter Value for owner: KSO 
Enter Value for table_name: SKEW3 
Enter Value for compression_type (OLTP): ARCHIVE HIGH 
Compression Advisor self-check validation successful. select count(*) on both Uncompressed and 
EHCC Compressed format = 1000001 rows 
 
Estimated Compression Ratio using "Compress For Archive High": 54.7 
 
Elapsed: 00:01:18.09 

Noticethattheprocedureprintsoutavalidationmessagetellingyouhowmanyrecordswereused
forthecomparison.Thisnumbercanbemodifiedaspartofthecalltotheprocedureifsodesired.The
get_compression_ratio.sqlscriptpromptsforatableandaCompressionTypeandthenexecutesthe
DBMS_COMPRESSION.GET_COMPRESSION_RATIOprocedure.Onceagainthepertinentdataisalittlehardto
pickoutofthelisting,soTable3-5comparestheactualcompressionratiostotheestimatesprovidedby
theCompressionAdvisor.

Table 3-5. Compression Advisor Accuracy 

Table Name Compress For 

Actual  

Compression 

Ratio 

Estimated 

Compression  

Ratio 

Error Percentage 

SKEW3_OLTP OLTP 1.41.4 0%

SKEW3_HCC1 QUERY LOW 4.04.0 0%

SKEW3_HCC2 QUERY HIGH 45.642.4 7%

SKEW3_HCC3 ARCHIVE LOW 45.643.5 5%

SKEW3_HCC4 ARCHIVE HIGH 55.954.7 2%


Theestimatesarefairlyclosetotheactualvaluesandwhiletheyarenot100percentaccurate,the

tradeoffisprobablyworthitincaseswheretheobjectsareverylargeandafulltestwouldbetootime-
consumingortakeuptoomuchdiskspace.TheabilitytoruntheCompressionAdvisoronnon-Exadata
platformsisalsoarealplus.Itshouldbeabletoprovideyouwithenoughinformationtomake
reasonabledecisionspriortoactuallymigratingdatatoExadata.

RealWorldExamples
AsYogiBerraoncesaid,youcanlearnalotjustbywatching.Marketingslidesandbookauthorclaims
areonething,butrealdataisoftenmoreuseful.Justtogiveyouanideaofwhatkindofcompressionis
reasonabletoexpect,hereareafewcomparisonsofdatafromdifferentindustries.Thedatashould
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provideyouwithanideaofthepotentialcompressionratiosthatcanbeachievedbyHybridColumnar
Compression.

Custom Application Data 

Thisdatasetcamefromacustomapplicationthattracksthemovementofassets.Thetableisvery
narrow,consistingofonly12columns.Thetablehascloseto1billionrows,butmanyofthecolumns
haveaverylownumberofdistinctvalues(NDV).Thatmeansthatthesamevaluesarerepeatedmany
times.Thistableisaprimecandidateforcompression.Herearethebasictablestatisticsandthe
compressionratiosachieved:

========================================================================================== 
  Table Statistics 
========================================================================================== 
TABLE_NAME                    : CP_DAILY 
LAST_ANALYZED                 : 29-DEC-2010 23:55:16 
DEGREE                        : 1 
PARTITIONED                   : YES 
NUM_ROWS                      : 925241124 
CHAIN_CNT                     : 0 
BLOCKS                        : 15036681 
EMPTY_BLOCKS                  : 0 
AVG_SPACE                     : 0 
AVG_ROW_LEN                   : 114 
MONITORING                    : YES 
SAMPLE_SIZE                   : 925241124 
TOTALSIZE_MEGS                : 118019 
=========================================================================================== 
  Column Statistics 
=========================================================================================== 
 Name                    Analyzed    Null?     NDV           Density  # Nulls     # Buckets 
=========================================================================================== 
PK_ACTIVITY_DTL_ID      12/29/2010  NOT NULL  925241124     .000000  0           1            
FK_ACTIVITY_ID          12/29/2010  NOT NULL  43388928      .000000  0           1            
FK_DENOMINATION_ID      12/29/2010            38            .000000  88797049    38           
AMOUNT                  12/29/2010            1273984       .000001  0           1            
FK_BRANCH_ID            12/29/2010  NOT NULL  131           .000000  0           128          
LOGIN_ID                12/29/2010  NOT NULL  30            .033333  0           1            
DATETIME_STAMP          12/29/2010  NOT NULL  710272        .000001  0           1            
LAST_MODIFY_LOGIN_ID    12/29/2010  NOT NULL  30            .033333  0           1            
MODIFY_DATETIME_STAMP   12/29/2010  NOT NULL  460224        .000002  0           1            
ACTIVE_FLAG             12/29/2010  NOT NULL  2             .000000  0           2            
FK_BAG_ID               12/29/2010            2895360       .000000  836693535   1            
CREDIT_DATE             12/29/2010            549           .001821  836693535   1            
=========================================================================================== 
 
SYS@POC1> @table_size2 
Enter value for owner:  
Enter value for table_name: CP_DAILY_INV_ACTIVITY_DTL 
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OWNER                SEGMENT_NAME                   TOTALSIZE_MEGS COMPRESS_FOR 
-------------------- ------------------------------ -------------- ------------ 
KSO                  CP_DAILY_INV_ACTIVITY_DTL           118,018.8  
                                                    -------------- 
sum                                                      118,018.8 
 
SYS@POC1> @comp_ratio 
Enter value for original_size: 118018.8 
Enter value for owner: KSO 
Enter value for table_name: CP_DAILY% 
Enter value for type:  
 
OWNER      SEGMENT_NAME         TYPE               TOTALSIZE_MEGS COMPRESSION_RATIO 
---------- -------------------- ------------------ -------------- ----------------- 
KSO        CP_DAILY_HCC1        TABLE                     7,488.1              15.8 
KSO        CP_DAILY_HCC3        TABLE                     2,442.3              48.3 
KSO        CP_DAILY_HCC2        TABLE                     2,184.7              54.0 
KSO        CP_DAILY_HCC4        TABLE                     1,807.8              65.3 
                                                   -------------- 
sum                                                      13,922.8 

Asexpected,thistableisextremelycompressible.Simplequeriesagainstthesetablesalsorunmuch
fasteragainstthecompressedtables,asyoucanseeinthislisting:

SYS@POC1> select sum(amount) from kso.CP_DAILY_HCC3 where credit_date = '01-oct-2010'; 
 
 SUM(AMOUNT) 
------------ 
4002779614.9 
 
1 row selected. 
 
Elapsed: 00:00:02.37 
SYS@POC1> select sum(amount) from kso.CP_DAILY where credit_date = '01-oct-2010'; 
 
 SUM(AMOUNT) 
------------ 
4002779614.9 
 
1 row selected. 
 
Elapsed: 00:00:42.58  

Thissimplequeryranroughly19timesfasterusingtheARCHIVE LOWcompressedtablethanwhenit
wasrunagainsttheuncompressedtable.

Telecom Call Detail Data 

Thistablecontainscalldetailrecordsforatelecomcompany.Thereareapproximately1.5billion
recordsinthetable.Manyofthecolumnsinthistableareuniqueornearlyso.Inaddition,manyofthe
columnscontainlargenumbersofnulls.Nullsarenotcompressiblesincetheyarenotstoredinthe
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normalOracleblockformat.Thisisnotatablewewouldexpecttobehighlycompressible.Herearethe
basictablestatisticsandthecompressionratios:

========================================================================================== 
  Table Statistics 
========================================================================================== 
TABLE_NAME                    : SEE 
LAST_ANALYZED                 : 29-SEP-2010 00:02:15 
DEGREE                        : 8 
PARTITIONED                   : YES 
NUM_ROWS                      : 1474776874 
CHAIN_CNT                     : 0 
BLOCKS                        : 57532731 
EMPTY_BLOCKS                  : 0 
AVG_SPACE                     : 0 
AVG_ROW_LEN                   : 282 
MONITORING                    : YES 
SAMPLE_SIZE                   : 1474776874 
TOTALSIZE_MEGS                : 455821 
=========================================================================================== 
 
 
SYS@POC1> @comp_ratio 
Enter value for original_size: 455821 
Enter value for owner: KSO 
Enter value for table_name: SEE_HCC% 
Enter value for type:  
 
OWNER      SEGMENT_NAME         TYPE               TOTALSIZE_MEGS COMPRESSION_RATIO 
---------- -------------------- ------------------ -------------- ----------------- 
KSO        SEE_HCC1             TABLE                   168,690.1               2.7 
KSO        SEE_HCC2             TABLE                    96,142.1               4.7 
KSO        SEE_HCC3             TABLE                    87,450.8               5.2 
KSO        SEE_HCC4             TABLE                    72,319.1               6.3 
                                                   -------------- 
sum                                                     424,602.1 

Financial Data 

Thenexttableismadeupoffinancialdata,revenueaccrualdatafromanorderentrysystemtobeexact.
Herearethebasictablestatistics.

===================================================================================== 
  Table Statistics 
===================================================================================== 
TABLE_NAME                    : REV_ACCRUAL 
LAST_ANALYZED                 : 07-JAN-2011 00:42:47 
DEGREE                        : 1 
PARTITIONED                   : YES 
NUM_ROWS                      : 114736686 
CHAIN_CNT                     : 0 
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BLOCKS                        : 15225910 
EMPTY_BLOCKS                  : 0 
AVG_SPACE                     : 0 
AVG_ROW_LEN                   : 917 
MONITORING                    : YES 
SAMPLE_SIZE                   : 114736686 
TOTALSIZE_MEGS                : 120019 
===================================================================================== 

Sothenumberofrowsisnotthatgreat,onlyabout115million,butthetableiswide.Ithas161
columnsandtheaveragerowlengthis917bytes.Itisabitofamixedbagwithregardstocompressibility
though.Manyofthecolumnscontainahighpercentageofnulls.Ontheotherhand,manyofthe
columnshaveaverylownumberofdistinctvalues.Thistablemaybeacandidateforreorderingthedata
ondiskasastrategytoimprovethecompressionratio.Atanyrate,herearethecompressionrates
achievedonthistableatthevariousHCClevels.

SYS@POC1> @comp_ratio 
Enter value for original_size: 120019 
Enter value for owner: KSO 
Enter value for table_name: REV_ACCRUAL_HCC% 
Enter value for type:  
 
OWNER      SEGMENT_NAME         TYPE               TOTALSIZE_MEGS COMPRESSION_RATIO 
---------- -------------------- ------------------ -------------- ----------------- 
KSO        REV_ACCRUAL_HCC1     TABLE                    31,972.6               3.8 
KSO        REV_ACCRUAL_HCC2     TABLE                    17,082.9               7.0 
KSO        REV_ACCRUAL_HCC3     TABLE                    14,304.3               8.4 
KSO        REV_ACCRUAL_HCC4     TABLE                    12,541.6               9.6 
                                                   -------------- 
sum                                                      75,901.4 

Retail Sales Data 

Thefinaltableismadeupofsalesfiguresfromaretailer.Thetablecontainsabout6billionrecordsand
occupieswelloverhalfaTerabyte.Thereareveryfewcolumns,andthedataishighlyrepetitive.Infact,
therearenouniquefieldsinthistable.Thisisaverygoodcandidateforcompression.Herearethebasic
tablestatistics:

========================================================================================== 
  Table Statistics 
========================================================================================== 
TABLE_NAME                    : SALES 
LAST_ANALYZED                 : 23-DEC-2010 03:13:44 
DEGREE                        : 1 
PARTITIONED                   : NO 
NUM_ROWS                      : 5853784365 
CHAIN_CNT                     : 0 
BLOCKS                        : 79183862 
EMPTY_BLOCKS                  : 0 
AVG_SPACE                     : 0 
AVG_ROW_LEN                   : 93 
MONITORING                    : YES 
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SAMPLE_SIZE                   : 5853784365 
TOTALSIZE_MEGS                : 618667 
========================================================================================== 
  Column Statistics 
========================================================================================== 
 Name            Analyzed    Null?     NDV           Density  # Nulls   # Buckets   Sample        
========================================================================================== 
TRANS_ID        12/23/2010            389808128     .000000  0         1        5853784365    
TRANS_LINE_NO   12/23/2010            126           .007937  0         1        5853784365    
UNIT_ID         12/23/2010            128600        .000008  0         1        5853784365    
DAY             12/23/2010            3             .333333  0         1        5853784365    
TRANS_SEQ       12/23/2010            22932         .000044  0         1        5853784365    
BEGIN_DATE      12/23/2010            4             .250000  0         1        5853784365    
END_DATE        12/23/2010            4             .250000  0         1        5853784365    
UNIT_TYPE       12/23/2010            1            1.000000  0         1        5853784365    
SKU_TYPE        12/23/2010            54884         .000018  0         1        5853784365    
QTY             12/23/2010            104           .009615  0         1        5853784365    
PRICE           12/23/2010            622           .001608  0         1        5853784365    
========================================================================================== 

Herearethecompressionratiosachievedforthistable.Asexpectedtheyareverygood.

SYS@DEMO1> @comp_ratio 
Enter value for original_size: 618667 
Enter value for owner: KSO 
Enter value for table_name: SALES_HCC% 
Enter value for type:  
 
OWNER      SEGMENT_NAME         TYPE               TOTALSIZE_MEGS COMPRESSION_RATIO 
---------- -------------------- ------------------ -------------- ----------------- 
KSO        SALES_HCC1           TABLE                    41,654.6              14.9 
KSO        SALES_HCC2           TABLE                    26,542.0              23.3 
KSO        SALES_HCC3           TABLE                    26,538.5              23.3 
KSO        SALES_HCC4           TABLE                    19,633.0              31.5 
                                                   -------------- 
sum                                                     114,368.1 

Summary of the Real World Examples 

Theexamplesinthissectioncamefromrealapplications.Theyshowafairlyextremevariationindata
compressibility.Thisistobeexpected,asthesuccessofcompressionalgorithmsisverydependenton
thedatabeingcompressed.Table3-6presentsthedatafromallfourexamples.

Table 3-6. Real-World Examples Compared 

Data Type Base Table Name Characteristics Compression Ratios 

AssetTracking CP_DAILY SkinnyTable,ManyLowNDVColumns 16×-65×

CallDetailRecords SEE ManyNULLs,ManyUniqueColumns 3×-6×
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Data Type Base Table Name Characteristics Compression Ratios 

FinancialData REV_ACCRUAL WideTable,ManyNULLs,ManyLowNDV
Columns

4×-10×

RetailSalesData SALES SkinnyTable,MostlyLowNDVColumns 15×-32×


Hopefullythisdatagivesyousomefeelfortherangeofcompressionratiosthatyoucanexpectfrom

HCCandthetypesofdatasetsthatwillbenefitmost.Ofcoursethebestwaytopredicthowcompressible
aparticulartablemaybeistoactuallytestit.Thisfactcannotbeoveremphasized.

Restrictions/Challenges 
ThereareafewchallengeswithusingHCC.ManyofthemhavetodowiththefactthatHCCisnot
availableonnon-Exadataplatforms.Thisfactposeschallengesforrecoveryandhighavailability
solutions.TheothermajorchallengeisthatHCCdoesn’tplaywellwithdatathatisbeingactively
updated.Inparticular,systemscharacterizedbylotsofsingle-rowupdates,whichweoftendescribeas
OLTPworkloads,willprobablynotworkwellwithHCC.

MovingDatatoanon-ExadataPlatform
ProbablythelargesthurdlewithusingHCChasbeenmovingthedatatonon-Exadataplatforms.For
example,whileRMANandDataguardbothsupporttheHCCblockformat,andwillhappilyrestoredata
toanon-Exadataenvironment,adatabaserunningonsuchanenvironmentwillnotbeabletodo
anythingwiththedatauntilitisdecompressed.Thiscanmeanalengthydelaybeforebeingableto
accessthedatainacasewhereafailovertoastandbyonanon-Exadataplatformoccurs.Thesameissue
holdstruefordoinganRMANrestoretoanon-Exadataplatform.Therestorewillworkbutthedatain
HCCformattedblockswillnotbeaccessibleuntilthedatahasbeenmovedintoanon-HCCformat.This
canbedonewiththeALTER TABLE MOVE NOCOMPRESScommand,bytheway.

■Note:TheabilitytodecompressHCCdataonnon-ExadataplatformsonlybecameavailableinOracledatabase
version11.2.0.2.Attemptingthisonversion11.2.0.1wouldresultinanerror.(CheckwithOracleSupportfora
patchthatmayenablethisbehavioron11.2.0.1)

Inadditiontothelengthydelayassociatedwithdecompressingdatabeforebeingabletoaccessit,
thereisalsotheissueofspace.IfHCCisprovidinga10×compressionfactor,youwillneedtohave10
timesthespaceyouarecurrentlyusingavailableonthetargetenvironmenttohandletheincreasedsize
ofthedata.Forthesereasons,Dataguardisrarelysetupwithastandbyonanon-Exadataplatform.

DisablingSerialDirectPathReads
AswediscussedinChapter2,SerialDirectPathReadsallownonparallelizedscanoperationstousethe
directpathreadmechanism,whichisaprerequisiteforenablingtheSmartScanfeaturesofExadata.
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SerialDirectPathReadsareenabledbasedonacalculationthatdependsonthesizeoftheobjectbeing
scannedrelativetotheavailablebuffercache.Insimplisticterms,onlylargeobjectswillbeconsidered
forSerialDirectPathReads.HCC’seffectivenesscanactuallyworkagainstithere.Sincethecompression
reducesthesizeoftheobjectssodrastically,itcancausestatementsthatwouldnormallybenefitfroma
SmartScantousethestandardreadmechanism,disablingmanyofExadata’soptimizations.Thisis
generallynotahugeproblem,becausethenumberofblocksisconsiderablyreducedbyHCCandthe
databaseismakingthisdecisionatruntime.Theproblemcomesin,though,whenanobjectis
partitioned.Thecalculationisbasedonthesizeoftheobjectbeingscanned;inthecaseofapartitioned
objectthismeansthesizeofthepartition.SoincaseswherepartitioningisusedwithHCC,weoftensee
somepartitionsusingSmartScansandsomeunabletouseSmartScans.Keepinmindthatthisalso
meansdecompressioncannotbedoneatthestoragelayer,asthiscapabilityisenabledonlywhen
performingSmartScans.

■KevinSays:Compressionalsohasalottodowiththeoften-overlookedIn-MemoryParallelQueryfeatureof
OracleDatabase11g.VeryeffectivecompressioncombinedwithmodernlargememoryserversmakesIn-Memory
ParallelQueryausablefeatureforproductionpurposes.Customerswoulddowelltoconsiderthebest
compressiontechnologythatsuitstheirDMLprocessingrequirementswhilepotentiallyexploitingthepowerofIn-
MemoryParallelQuery.

LockingIssues
TheExadatadocumentationsaysthatupdatingasinglerowofatablecompressedwithHCClocksthe
entirecompressionunitcontainingtherow.ThiscancauseextremecontentionissuesforOLTP-type
systems.ThisisthemainreasonthatHCCisnotrecommendedfortables(orpartitions)wherethedata
willbeupdated.Here’sademonstrationofthelockingbehavior:

KSO@SANDBOX1> select rowid, old_rowid(rowid) old_rowid , pk_col from kso.skew_hcc3 
  2  where rownum < 10; 
 
ROWID              OLD_ROWID                          PK_COL 
------------------ ------------------------------ ---------- 
AAATCBAAHAAMkyXAAA 7.3296407.0                      27999409 
AAATCBAAHAAMkyXAAB 7.3296407.1                      27999408 
AAATCBAAHAAMkyXAAC 7.3296407.2                      27999407 
AAATCBAAHAAMkyXAAD 7.3296407.3                      27999406 
AAATCBAAHAAMkyXAAE 7.3296407.4                      27999405 
AAATCBAAHAAMkyXAAF 7.3296407.5                      27999404 
AAATCBAAHAAMkyXAAG 7.3296407.6                      27999403 
AAATCBAAHAAMkyXAAH 7.3296407.7                      27999402 
AAATCBAAHAAMkyXAAI 7.3296407.8                      27999401 
 
9 rows selected. 
KSO@SANDBOX1> update kso.skew set col1=col1 where pk_col = 27999409; 
 
1 row updated. 
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SYS@SANDBOX1> select col1 from kso.skew_hcc3 where pk_col = 27999409 for update nowait; 
select col1 from kso.skew where pk_col = 16858437 for update nowait 
                     * 
ERROR at line 1: 
ORA-00054: resource busy and acquire with NOWAIT specified or timeout expired 
 
 
SYS@SANDBOX1> -- Expected because this row has been updated by another process 
SYS@SANDBOX1> 
SYS@SANDBOX1> select col1 from kso.skew_hcc3 where pk_col = 27999401 for update nowait; 
select col1 from kso.skew where pk_col = 16858429 for update nowait 
                     * 
ERROR at line 1: 
ORA-00054: resource busy and acquire with NOWAIT specified or timeout expired  
 
SYS@SANDBOX1> -- Not normal Oracle locking behavior 

ClearlythisbehaviorwouldbedisastroustomanyOLTPsystems.Especiallywhenyouconsiderthe
largenumberofrecordsthatcanbestoredinanHCCblock.Inthiscasethatnumberisapproximately
13,500rowsperblock.Thismeansthatasingleupdatecouldlockwellover50,000rows.

SingleRowAccess
HCCisbuiltforfulltablescanaccess.DecompressionisaCPU-intensivetask.SmartScanscan
distributethedecompressionworktotheCPU’sonthestoragecells.ThismakestheCPU-intensivetask
muchmorepalatable.However,SmartScansonlyoccurwhenFullScansareperformed.Thismeans
thatotheraccessmechanisms,indexaccessforexample,mustusetheDBserverCPUstoperform
decompression.ThiscanputanenormousCPUloadonDBserversinhighvolumeOLTP-typesystems.
Inaddition,sincedataforasinglerowisspreadacrossmultipleblocksinaCU,retrievingacomplete
rowcausestheentireCUtoberead.Thiscanhaveadetrimentaleffectontheoveralldatabaseefficiency
forsystemsthattendtoaccessdatausingindexes,eveniftheaccessisread-only.

Common Usage Scenarios 
HCCprovidessuchhighlevelsofcompressionthatithasbeenusedasanalternativetotraditionalILM
strategies,whichgenerallyinvolvemovingolderhistoricaldataoffthedatabaseentirely.TheseILM
strategiesusuallyentailsometypeofdaterangepartitioningandapurgeprocess.Thisisdonetofree
storageandinsomecasestoimproveperformance.Oftenthedatamustberetainedinsomebackup
formatsothatitcanbeaccessedifrequiredatsomelaterdate.WithHCC,itispossibleinmanycasesto
retaindataindefinitelybycompressingtheoldestpartitions.Thisapproachhasmanyadvantagesover
thetraditionalapproachofmovingthedata.

Firstandforemost,thedataremainsavailableviathestandardapplicationinterfaces.Noadditional
workwillneedtobedonetorestoreabackupofolddatabeforeitcanbeaccessed.Thisadvantagealone
isoftenenoughtojustifythisapproach.Thisapproachtypicallyentailsleavingactivepartitions
uncompressedwhilecompressingoldpartitionsmoreaggressively.Here’sashortexampleofcreatinga
partitionedtablewithmixedcompressionmodes.

SYS@DEMO1>   CREATE TABLE "KSO"."CLASS_SALES_P" 
  2     (    "TRANS_ID" VARCHAR2(30), 
  3          "UNIT_ID" NUMBER(30,0), 
  4          "DAY" NUMBER(30,0), 
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  5          "TRANS_SEQ" VARCHAR2(30), 
  6          "END_DATE" DATE, 
  7          "BEGIN_DATE" DATE, 
  8          "UNIT_TYPE" VARCHAR2(30), 
  9          "CUST_TYPE" VARCHAR2(1), 
 10          "LOAD_DATE" DATE, 
 11          "CURRENCY_TYPE" CHAR(1) 
 12     ) PCTFREE 10 PCTUSED 40 INITRANS 1 MAXTRANS 255  NOLOGGING 
 13    STORAGE( 
 14    BUFFER_POOL DEFAULT FLASH_CACHE DEFAULT CELL_FLASH_CACHE DEFAULT) 
 15    TABLESPACE "CLASS_DATA" 
 16    PARTITION BY RANGE ("BEGIN_DATE") 
 17   (PARTITION "P1"  VALUES LESS THAN (TO_DATE 
 18      (' 2008-09-06 00:00:00', 'SYYYY-MM-DD HH24:MI:SS', 'NLS_CALENDAR=GREGORIAN')) 
 19  SEGMENT CREATION IMMEDIATE 
 20    PCTFREE 10 PCTUSED 40 INITRANS 1 MAXTRANS 255 NOCOMPRESS NOLOGGING 
 21    STORAGE(INITIAL 8388608 NEXT 1048576 MINEXTENTS 1 MAXEXTENTS 2147483645 
 22    PCTINCREASE 0 FREELISTS 1 FREELIST GROUPS 1 BUFFER_POOL DEFAULT 
 23    FLASH_CACHE DEFAULT CELL_FLASH_CACHE DEFAULT) 
 24    TABLESPACE "CLASS_DATA" , 
 25   PARTITION "P2"  VALUES LESS THAN (TO_DATE 
 26     (' 2008-09-07 00:00:00', 'SYYYY-MM-DD HH24:MI:SS', 'NLS_CALENDAR=GREGORIAN')) 
 27  SEGMENT CREATION IMMEDIATE 
 28    PCTFREE 0 PCTUSED 40 INITRANS 1 MAXTRANS 255 COMPRESS FOR QUERY HIGH NOLOGGING 
 29    STORAGE(INITIAL 8388608 NEXT 1048576 MINEXTENTS 1 MAXEXTENTS 2147483645 
 30    PCTINCREASE 0 FREELISTS 1 FREELIST GROUPS 1 BUFFER_POOL DEFAULT 
 31    FLASH_CACHE DEFAULT CELL_FLASH_CACHE DEFAULT) 
 32    TABLESPACE "CLASS_DATA" , 
 33   PARTITION "P3"  VALUES LESS THAN (TO_DATE 
 34     (' 2008-09-08 00:00:00', 'SYYYY-MM-DD HH24:MI:SS', 'NLS_CALENDAR=GREGORIAN')) 
 35  SEGMENT CREATION IMMEDIATE 
 36    PCTFREE 0 PCTUSED 40 INITRANS 1 MAXTRANS 255 COMPRESS FOR ARCHIVE LOW NOLOGGING 
 37    STORAGE(INITIAL 8388608 NEXT 1048576 MINEXTENTS 1 MAXEXTENTS 2147483645 
 38    PCTINCREASE 0 FREELISTS 1 FREELIST GROUPS 1 BUFFER_POOL DEFAULT 
 39    FLASH_CACHE DEFAULT CELL_FLASH_CACHE DEFAULT) 
 40    TABLESPACE "CLASS_DATA" ) ; 
 
Table created. 
 
SYS@DEMO1> @part_size2.sql 
Enter value for owner: KSO 
Enter value for table_name:  
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OWNER                SEGMENT_NAME         PART_NAME            TOTALSIZE_MEGS COMPRESS_FOR 
-------------------- -------------------- -------------------- -------------- ------------ 
KSO                  CLASS_SALES_P        P1                             24.0 
                                          P2                             24.0 QUERY HIGH 
                                          P3                             24.0 ARCHIVE LOW 
******************** ********************                      -------------- 
sum                                                                      72.0 

Summary 
IntroducedinOracle11gR2,HybridColumnarCompressionprovidesexceptionalcompression
capabilitiesthatarefarbeyondanythingavailableinpriorreleases.Thisisthanksinlargeparttothe
adoptionofindustry-standardcompressionalgorithmsandanincreaseinthesizeofthecompression
unitfromasingledatabaseblock(typically8K)toalargerunitof32Kor64K.Thefeatureisonly
appropriatefordatathatisnolongerbeingmodified,though,becauseoflockingissuesandthefactthat
updatedrowsaremovedintoamuchlesscompressedformat(OLTPcompressionformat).Forthis
reason,HCCshouldonlybeusedwithdatathatisnolongerbeingmodified(oronlyoccasionally
modified).Sincecompressioncanbedefinedatthepartitionlevel,itiscommontoseetablesthathavea
mixtureofcompressedanduncompressedpartitions.ThistechniquecaninmanycasesreplaceILM
approachesthatrequiremovingdatatoalternatestoragemediaandthenpurgingitfromthedatabase.
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Storage Indexes 

StorageIndexesarethemostusefulExadatafeaturethatyouneverhearabout.Theyarenotindexesthat
arestoredinthedatabaselikeOracle’straditionalB-Treeorbitmappedindexes.Infact,theyarenot
indexesatallinthetraditionalsense.Theyarenotcapableofidentifyingasetofrecordsthathasa
certainvalueinagivencolumn.Rather,theyareafeatureofthestorageserversoftwarethatisdesigned
toeliminatediskI/O.Theyaresometimesdescribedas“reverseindexes.”That’sbecausetheyidentify
locationswheretherequestedrecordsarenot,insteadoftheotherwayaround.Theyworkbystoring
minimumandmaximumcolumnvaluesfordiskstorageunits,whichare1Megabyte(MB)bydefault.
BecauseSQLpredicatesarepassedtothestorageserverswhenSmartScansareperformed,thestorage
softwarecancheckthepredicatesagainsttheStorageIndexmetadata(maximumandminimumvalues)
beforedoingtherequestedI/O.Anystorageregionthatcannotpossiblyhaveamatchingrowisskipped.
Inmanycases,thiscanresultinasignificantreductionintheamountofI/Othatmustbeperformed.
Keepinmindthatsincethestoragesoftwareneedsthepredicatestocomparetothemaximumand
minimumvaluesintheStorageIndexes,thisoptimizationisonlyavailableforSmartScans.

ThestoragesoftwareprovidesnodocumentedmechanismforalteringortuningStorageIndexes
(althoughthereareafewundocumentedparametersthatcanbesetpriortostartingcellsrvonthe
storageservers).Infact,thereisnotevenmuchavailableinthewayofmonitoring.Forexample,thereis
nowaiteventthatrecordstheamountoftimespentwhenaStorageIndexisaccessedorupdated.Even
thoughtherearenocommandstomanipulateStorageIndexes,theyareanextremelypowerfulfeature
andcanprovidedramaticperformanceimprovements.Forthatreasonitisimportanttounderstand
howtheywork.

■KevinSays:TokeeptheroleofStorageIndexesstraightinmymind,Igenerallypictureanoptimizationthat
dramaticallyimprovessearchingforaneedleinahaystackasopposedtofindingwherecertainpiecesofstraw
existinahaystack.

Structure 
StorageIndexesconsistofaminimumandamaximumvalueforuptoeightcolumns.Thisstructureis
maintainedfor1MBchunksofstorage(storageregions).StorageIndexesarestoredinmemoryonlyand
areneverwrittentodisk.
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■KevinSays:StorageIndexesarestoredintheheapofcellsrv,sotechnicallyspeakingtheycouldendupon
disk(swap)underinsaneconditions…so,notnever…

Figure4-1showsaconceptualviewofthedatacontainedinaStorageIndex.

Because only this 1MB
region of data satisfies 
the predicate, only this 
data will be scanned

SELECT cust_state
FROM customers
WHERE cust_age > 35

Based on the
predicate, the 
storage index
on this column

will be used

1MB
Range

1MB
Range



Figure 4-1. Conceptual diagram of a Storage Index  

Asyoucanseeinthediagram,thefirststorageregionintheCustomertablehasamaximumvalueof
77,indicatingthatit’spossibleforittocontainrowsthatwillsatisfythequerypredicate(cust_age >35).
Theotherstorageregionsinthediagramdonothavemaximumvaluesthatarehighenoughtocontain
anyrecordsthatwillsatisfythequerypredicate.Therefore,thosestorageregionswillnotbereadfrom
disk.

Inadditiontotheminimumandmaximumvalues,thereisaflagtoindicatewhetheranyofthe
recordsinastorageregioncontainnulls.Thefactthatnullsarerepresentedatallissomewhatsurprising
giventhatnullsarenotstoredintraditionalOracleindexes.ThisabilityofStorageIndexestotracknulls
mayactuallyhaverepercussionsfordesignandimplementationdecisions.Therearesystemsthatdon’t
usenullsatall.SAP,forexample,usesasinglespacecharacterinsteadofnulls.SAPdoesthissimplyto
insurethatrecordscanbeaccessedviaB-Treeindexes(whichdonotstorenulls).Atanyrate,Storage
Indexesprovidetheequivalentofabit-mappedindexonnulls,whichmakesfindingnullsaveryefficient
process(assumingtheyrepresentalowpercentageofthevalues).
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Monitoring Storage Indexes 
TheabilitytomonitorStorageIndexesisverylimited.Theoptimizerdoesn’tknowwhetheraStorage
IndexwillbeusedforaparticularSQLstatement.NordoAWRorASHcaptureanyinformationabout
whetherStorageIndexeswereusedbyparticularSQLstatements.Thereisasinglestatisticthattracks
StorageIndexusageatthedatabaselevelandanundocumentedtracingmechanism.

DatabaseStatistics
Thereisonlyonedatabasestatisticrelatedtostorageindexes.Thestatistic,cell physical IO bytes 
saved by storage index,keepstrackoftheaccumulatedI/OthathasbeenavoidedbytheuseofStorage
Indexes.Thisstatisticisexposedinv$sesstatandv$sysstatandrelatedviews.It’sastrangestatistic
thatcalculatesaprecisevalueforsomethingitdidn’tdo.Nevertheless,itistheonlyeasilyaccessible
indicatorastowhetherStorageIndexeshavebeenused.Unfortunately,sincethestatisticiscumulative,
likeallstatisticsinv$sesstat,itmustbecheckedbeforeandafteragivenSQLstatementinorderto
determinewhetherStorageIndexeswereusedonthatparticularstatement.Hereisanexample:

SYS@EXDB1> set echo on 
SYS@EXDB1> @si 
SYS@EXDB1> col name for a70 
SYS@EXDB1> col value for 99999999999999 
SYS@EXDB1> select name, value 
  2  from v$mystat s, v$statname n 
  3  where n.statistic# = s.statistic# 
  4  and name like '%storage%'; 
 
 
NAME                                                    VALUE 
--------------------------------------------- --------------- 
cell physical IO bytes saved by storage index               0 
 
SYS@EXDB1> select avg(pk_col) from kso.skew2 where col1 is null; 
 
AVG(PK_COL) 
----------- 
   32000001 
 
SYS@EXDB1> set echo off 
SYS@EXDB1> @si 
 
NAME                                                    VALUE 
--------------------------------------------- --------------- 
cell physical IO bytes saved by storage index      3984949248 
 
SYS@EXDB1> select avg(pk_col) from kso.skew2 where col1 is null; 
 
AVG(PK_COL) 
----------- 
   32000001 
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SYS@EXDB1> @si 
 
NAME                                                    VALUE 
--------------------------------------------- --------------- 
cell physical IO bytes saved by storage index      7969898496 

Asyoucansee,thesi.sqlscriptqueriesv$mystatforastatisticthatcontainstheword“storage.”
Thevalueforthisstatisticwillbe0untilaSQLstatementthatusesaStorageIndexhasbeenexecutedin
thecurrentsession.Inourexample,thequeryusedaStorageIndexthateliminatedabout4billionbytes
ofdiskI/O.ThisistheamountofadditionalI/OthatwouldhavebeennecessarywithoutStorage
Indexes.Notethatv$mystatisaviewthatexposescumulativestatisticsforyourcurrentsession.Soifyou
runthestatementasecondtime,thevalueshouldincreasetotwicethevalueithadafterthefirst
execution.Ofcourse,disconnectingfromthesession(byexitingSQL*Plusforexample)resetsmost
statisticsexposedbyv$mystat,includingthisone,to0.

Tracing
ThereisanotherwaytomonitorwhatisgoingonwithStorageIndexesattheindividualstoragecell
level.ThecellsrvprogramhastheabilitytocreatetracefileswheneverStorageIndexesareaccessed.
Thistracingcanbeenabledbysettingthe_CELL_STORAGE_INDEX_DIAG_MODEparametertoTRUEinthe
cellinit.orafileononeofthestoragecells.Youwillneedtorestartthecellsrvprogramoncethis
parameterisset.Ingeneralthisshouldnotcauseanyinterruptiontotheclusterwareordatabases
runningonthedatabasemachines,thankstotheredundancyprovidedbyASM.However,youshouldbe
awarethatifyouhaveissuesonotherstoragecells,it’spossiblethatrestartingacellsrvprocesscould
causeanoutage.Tracingcanalsobeenabledonallstorageserversbysettingthehiddendatabase
parameter,_KCFIS_STORAGEIDX_DIAG_MODEtoavalueof2.Sincethistracingmechanismiscompletely
undocumented,itshouldnotbeusedwithoutapprovalfromOraclesupport.Bettersafethansorry.

Becausethecellsrvprocessismultithreaded,thetracingfacilitycreatesmanytracefiles.Theresult
issimilartotracingaselectstatementthatisexecutedinparallelonadatabaseserver,inthatthereare
multipletracefilesthatneedtobecombinedtoshowthewholepicture.Thenamingconventionforthe
tracefilesissvtrc_,followedbyaprocessID,followedbyathreadidentifier.TheprocessIDmatchesthe
operatingsystemprocessIDofthecellsrvprocess.Sincecellsrvenablesonly100threadsbydefault,
thefilenamesarereusedrapidlyasrequestscomeintothestoragecells.Becauseofthisrapidreuse,it’s
quiteeasytowraparoundthethreadnumberportionofthefilename.Suchwrappingarounddoesn’t
wipeouttheprevioustracefile,butratherappendsnewdatatotheexistingfile.Appendinghappens
withtracefilesonOracledatabaseserversaswell,butismuchlesscommonbecausetheprocessID
portionofthedefaultfilenamecomesfromtheuser’sshadowprocess.Sobasicallyeachsessiongetsits
ownnumber.

Thereisanotherrelatedcellsrvparameter,_CELL_SI_MAX_NUM_DIAG_MODE_DUMPS,thatsetsa
maximumnumberoftracefilesthatwillbecreatedbeforethetracingfunctionalityisturnedoff.The
parameterdefaultstoavalueof20.Presumablytheparameterisasafetymechanismtokeepthedisk
fromgettingfilledbytracefiles,sinceasinglequerycancreatealargenumberoffiles.

Hereisasnippetfromatracefilegeneratedonourtestsystem:

Trace file 
/opt/oracle/cell11.2.2.2.0_LINUX.X64_101206.2/log/diag/asm/cell/enkcel03/trace/svtrc_13253_100
.trc 
ORACLE_HOME = /opt/oracle/cell11.2.2.2.0_LINUX.X64_101206.2 
System name:    Linux 
Node name:      enkcel03.enkitec.com 
Release:        2.6.18-194.3.1.0.3.el5 



CHAPTER4STORAGEINDEXES

109

Version:        #1 SMP Tue Aug 31 22:41:13 EDT 2010 
Machine:        x86_64 
CELL SW Version:        OSS_11.2.0.3.0_LINUX.X64_101206.2 
 
*** 2010-12-17 11:40:41.127 
UserThread: LWPID: 13834 userId: 100 kernelId: 100 pthreadID: 0x2aae6b689940 
2010-12-17 12:11:26.491971*: FenceMaster: OSS_IOCTL_FENCE_ENTITY is called, host 
enkdb02.enkitec.com[pid:8519] number of fencing in progress 1 reid 
cid=3cb0d13cdb9cff5eff8b8bfb091c6fe9,icin=171990399,nmn=2,lnid=171990399,gid=23,gin=1,gmn=1,um
emid=1,opid=48,opsn=1,lvl=process hdr=0xfece0100 
2010-12-17 12:11:26.497277*: FenceMaster: OSS_IOCTL_FENCE_ENTITY is set, number of fencing in 
progress 0 reid 
cid=3cb0d13cdb9cff5eff8b8bfb091c6fe9,icin=171990399,nmn=2,lnid=171990399,gid=23,gin=1,gmn=1,um
emid=1,opid=48,opsn=1,lvl=process hdr=0xfece0100 
2010-12-17 12:45:25.914281*: FenceMaster: OSS_IOCTL_FENCE_ENTITY is called, host 
enkdb01.enkitec.com[pid:9326] number of fencing in progress 1 reid 
cid=3cb0d13cdb9cff5eff8b8bfb091c6fe9,icin=171990399,nmn=1,lnid=171990399,gid=-
2147483642,gin=1,gmn=3,umemid=3,opid=42,opsn=3,lvl=process hdr=0xfece0100 
2010-12-17 12:45:25.915592*: FenceMaster: OSS_IOCTL_FENCE_ENTITY is set, number of fencing in 
progress 0 reid cid=3cb0d13cdb9cff5eff8b8bfb091c6fe9,icin=171990399,nmn=1,lnid=171990399,gid=-
2147483642,gin=1,gmn=3,umemid=3,opid=42,opsn=3,lvl=process hdr=0xfece0100 
2010-12-17 12:45:41.118778*: FenceMaster: OSS_IOCTL_FENCE_ENTITY is called, host 
enkdb01.enkitec.com[pid:9326] number of fencing in progress 1 reid 
cid=3cb0d13cdb9cff5eff8b8bfb091c6fe9,icin=171990399,nmn=1,lnid=171990399,gid=-
2147483642,gin=1,gmn=3,umemid=3,opid=0,opsn=0,lvl=member hdr=0xfece0100 
2010-12-17 12:45:41.122256*: FenceMaster: OSS_IOCTL_FENCE_ENTITY is set, number of fencing in 
progress 0 reid cid=3cb0d13cdb9cff5eff8b8bfb091c6fe9,icin=171990399,nmn=1,lnid=171990399,gid=-
2147483642,gin=1,gmn=3,umemid=3,opid=0,opsn=0,lvl=member hdr=0xfece0100 
2010-12-21 12:12:34.465398*: FenceMaster: OSS_IOCTL_FENCE_ENTITY is called, host 
enkdb02.enkitec.com[pid:8519] number of fencing in progress 1 reid 
cid=3cb0d13cdb9cff5eff8b8bfb091c6fe9,icin=171990399,nmn=2,lnid=171990399,gid=-
2147483643,gin=1,gmn=1,umemid=1,opid=39,opsn=1,lvl=process hdr=0xfece0100 
2010-12-21 12:12:34.471408*: FenceMaster: OSS_IOCTL_FENCE_ENTITY is set, number of fencing in 
progress 0 reid cid=3cb0d13cdb9cff5eff8b8bfb091c6fe9,icin=171990399,nmn=2,lnid=171990399,gid=-
2147483643,gin=1,gmn=1,umemid=1,opid=39,opsn=1,lvl=process hdr=0xfece0100 
2010-12-23 09:17:38.277822*: RIDX (0x2aae2f29feec) for SQLID 6dx247rvykr72 filter 1 
2010-12-23 09:17:38.277822*: RIDX (0x2aae2f29feec) : st 2 validBitMap 7fffffffffffffff tabn 0 
id {75759 4 3314771398} 
2010-12-23 09:17:38.277822*: RIDX: strt 32 end 2048 offset 533652848640 size 1032192 rgnIdx 
508931 RgnOffset 16384 scn: 0x0000.073fd1a7 hist: 0x9 
2010-12-23 09:17:38.277822*: RIDX validation history: 0:PartialRead 1:PartialRead 2:Undef 
3:Undef 4:Undef 5:Undef 6:Undef 7:Undef 8:Undef 9:Undef 
2010-12-23 09:17:38.277822*: Col id [2] numFilt 20 flg 2: 
2010-12-23 09:17:38.277822*: lo: c1 2 0 0 0 0 0 0 
2010-12-23 09:17:38.277822*: hi: c3 64 51 4b 0 0 0 0 
2010-12-23 09:17:38.277822*: Col id [3] numFilt 0 flg 2: 
2010-12-23 09:17:38.277822*: lo: 61 73 64 64 73 61 64 61 
2010-12-23 09:17:38.277822*: hi: 61 73 64 64 73 61 64 61 
2010-12-23 09:17:38.277822*: Col id [5] numFilt 0 flg 2: 
2010-12-23 09:17:38.277822*: lo: 4e 0 0 0 0 0 0 0 
2010-12-23 09:17:38.277822*: hi: 59 0 0 0 0 0 0 0 
. . . 
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2010-12-23 09:17:38.291153*: RIDX (0x2aadfea3d2d0) for SQLID 6dx247rvykr72 filter 1 
2010-12-23 09:17:38.291153*: RIDX (0x2aadfea3d2d0) : st 2 validBitMap ffffffffffffffff tabn 0 
id {75759 4 3314771398} 
2010-12-23 09:17:38.291153*: RIDX: strt 0 end 2048 offset 546303901696 size 1048576 rgnIdx 
520996 RgnOffset 0 scn: 0x0000.073fd34b hist: 0x1a 
2010-12-23 09:17:38.291153*: RIDX validation history: 0:FullRead 1:PartialWrite 2:Undef 
3:Undef 4:Undef 5:Undef 6:Undef 7:Undef 8:Undef 9:Undef 
2010-12-23 09:17:38.291153*: Col id [2] numFilt 20 flg 2: 
2010-12-23 09:17:38.291153*: lo: c1 2 0 0 0 0 0 0 
2010-12-23 09:17:38.291153*: hi: c3 64 5c 8 0 0 0 0 
2010-12-23 09:17:38.291153*: Col id [3] numFilt 0 flg 2: 
2010-12-23 09:17:38.291153*: lo: 61 73 64 64 73 61 64 61 
2010-12-23 09:17:38.291153*: hi: 61 73 64 64 73 61 64 61 
2010-12-23 09:17:38.291153*: Col id [5] numFilt 0 flg 2: 
2010-12-23 09:17:38.291153*: lo: 59 0 0 0 0 0 0 0 
2010-12-23 09:17:38.291153*: hi: 59 0 0 0 0 0 0 0 
2010-12-23 09:17:38.292459*: RIDX (0x2aadfea3d3dc) for SQLID 6dx247rvykr72 filter 1 
2010-12-23 09:17:38.292459*: RIDX (0x2aadfea3d3dc) : st 2 validBitMap ffffffffffffffff tabn 0 
id {75759 4 3314771398} 
2010-12-23 09:17:38.292459*: RIDX: strt 0 end 2048 offset 546304950272 size 1048576 rgnIdx 
520997 RgnOffset 0 scn: 0x0000.073fd34b hist: 0x1a 
2010-12-23 09:17:38.292459*: RIDX validation history: 0:FullRead 1:PartialWrite 2:Undef 
3:Undef 4:Undef 5:Undef 6:Undef 7:Undef 8:Undef 9:Undef 
2010-12-23 09:17:38.292459*: Col id [2] numFilt 20 flg 2: 
2010-12-23 09:17:38.292459*: lo: c1 2 0 0 0 0 0 0 
2010-12-23 09:17:38.292459*: hi: c3 64 27 4f 0 0 0 0 
2010-12-23 09:17:38.292459*: Col id [3] numFilt 0 flg 2: 
2010-12-23 09:17:38.292459*: lo: 61 73 64 64 73 61 64 61 
2010-12-23 09:17:38.292459*: hi: 61 73 64 64 73 61 64 61 
2010-12-23 09:17:38.292459*: Col id [5] numFilt 0 flg 2: 
2010-12-23 09:17:38.292459*: lo: 59 0 0 0 0 0 0 0 
2010-12-23 09:17:38.292459*: hi: 59 0 0 0 0 0 0 0 

Severalthingsareworthpointingoutinthistracefile:

• Thefirstseverallinesarethestandardtracefileheaderwithfilenameand
softwareversion.

• Thelinesthatbeginwithtimestampsareeachassociatedwithasinglestorage
region.

• TheSQLIDofthestatementthatgeneratedthetracefileisidentifiedforeach
storageregion.

• EachlinecontainingtheSQLIDkeywordbeginsdataforanewstorageregion.

• ThelinebelowtheSQLIDlinecontainsanIDwhichcontainsthedata_object_id
fromDBA_OBJECTSforthetablebeingscanned.

• TheregionSizefieldsshowthatthestorageregionsreallyare1MB.

• ItlookslikeeachStorageIndexentryoccupies2Kofmemorybasedonthestrt
andendfieldvalues.
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• Foreachcolumnevaluatedthereisanidfieldthatcorrelatestoitspositioninthe
table.

• Foreachcolumnevaluatedthereisaflgfield.Itappearsthatitisthedecimal
representationofabitmask.Italsoappearsthatthefirstbitindicateswhether
nullsarecontainedinthecurrentcolumnofthestorageregion.(Thatis,1and3
bothindicatethatnullsarepresent.)

• Foreachcolumnevaluatedthereisalo anda hi value(storedashex).

• Theloandhivaluesareonly8bytes,indicatingthattheStorageIndexeswillbe
ineffectiveoncolumnswheretheleadingportionofthevaluesarenotdistinct
(empiricalevidencebearsthisout,bytheway).

Whilegeneratingandreadingtracefilesisveryinformative,itisnotveryeasytodoandrequires
directaccesstothestorageservers.Ontopofthat,theapproachiscompletelyundocumented.Itis
probablybestusedforinvestigationsinnonproductionenvironments.

MonitoringWrapUp
NeitherthedatabasestatisticnorthetracingisaparticularlysatisfyingwayofmonitoringStorageIndex
usage.ItwouldbenicetobeabletotrackStorageIndexusageatthestatementlevel,viaacolumnin
V$SQLforexample.Inthemeantime,thecell physical IO bytes saved by storage indexstatisticis
thebestoptionwehave.

Controlling Storage Indexes 
ThereisnotmuchyoucandotocontrolStorageIndexbehavior.However,thedevelopershavebuiltina
fewhiddenparametersthatprovidesomeflexibility.

TherearethreedatabaseparametersthatdealwithStorageIndexes(thatwe’reawareof):

• _kcfis_storageidx_disabled(defaultisFALSE)

• _kcfis_storageidx_diag_mode(defaultis0)

• _cell_storidx_mode(defaultisEVA)

Noneoftheseparametersaredocumented,soyouneedtobecarefulwiththemethodswediscuss
inthissection.Nevertheless,we’lltellyoualittlebitaboutsomeoftheseparametersandwhattheycan
do.

_kcfis_storageidx_disabled
The_kcfis_storageidx_disabledparameterallowsStorageIndexestobedisabled.Aswithallhidden
parameters,it’sbesttocheckwithOraclesupportbeforesettingit,butashiddenparametersgo,thisone
isrelativelyinnocuous.Wehaveuseditextensivelyintestingandhavenotexperiencedanynegative
consequences.

Youcansettheparameteratthesessionlevelwiththealter sessionstatement:

alter session set "_kcfis_storageidx_disabled"=true; 

Notethatalthoughsetting_kcfis_storageidx_disabledtoTRUEdisablesStorageIndexesforreads,
thesettingdoesnotdisablethemaintenanceofexistingStorageIndexes.Thatistosaythatexisting
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StorageIndexeswillstillbeupdatedwhenvaluesinatablearechanged,evenifthisparameterissetto
TRUE.

_kcfis_storageidx_diag_mode
Thesecondparameter,__KCFIS_STORAGEIDX_DIAG_MODE,lookseerilylikethecellinit.oraparameter
_CELL_STORAGE_INDEX_DIAG_MODE,whichwasdiscussedearlier.Asyoumightexpect,settingthis
parameteratthedatabaselayercausestracefilestobegeneratedacrossalltheaffectedstoragecells.
Settingittoavalueof2enablestracing.Oddly,settingittoavalueof1disablesStorageIndexes.
Unfortunately,thetracefilesarecreatedonthestoragecells.Butthismethodofgeneratingthemis
muchlessintrusivethanrestartingthecellsrvprocessonastorageserver.

Youcansettheparameteratthesessionlevelwiththealter sessionstatement:

alter session set "_kcfis_storageidx_diag_mode"=2;  

Theremaybeothervalidvaluesfortheparameterthatenabledifferentlevelsoftracing.Keepin
mindthatthiswillproducealargenumberoftracefilesoneverystoragecellthatisinvolvedinaquery
thatusesStorageIndexes.

_cell_storidx_mode
The_CELL_STORIDX_MODEparameterwasaddedinthesecondpointreleaseofOracleDatabase11gR2
(11.2.0.2).Whilethisparameterisundocumented,itappearsthatitcontrolswhereStorageIndexeswill
beapplied.Therearethreevalidvaluesforthisparameter(EVA,KDST,ALL).EVAandKDSTareOraclekernel
functionnames.  

Youcansettheparameteratthesessionlevelwiththealter sessionstatement:

alter session set "_cell_storidx_mode"=ALL;  

Theeffectsofthisparameterhavevariedacrossreleases.Asofcellsrvversion11.2.2.3.0,EVA(the
default)supportsallthevalidcomparisonoperators.Youshouldnotethatinolderversions,theEVA
settingdidnotsupporttheISNULLcomparisonoperator.It’salsoimportanttokeepinmindthatthe
databasepatchingistiedtothestoragesoftwarepatching.Upgradingtheversionofcellsrvwithout
patchingthedatabasesoftwarecanresultinunpredicatablebehavior(disablingstorageindexesfor
example).

StorageSoftwareParameters
Inadditiontothedatabaseparameters,therearealsoanumberofundocumentedstoragesoftware
parametersthatarerelatedtoStorageIndexbehavior.Theseparameterscanbemodifiedbyadding
themtothecellinit.orafileandthenrestartingcellsrv.Notethatcellinit.orawillbediscussedinmore
detailinChapter8.Hereisalistofthecellinit.oraStorageIndexparametersalongwiththeirdefault
values.

• _cell_enable_storage_index_for_loads=TRUE 

• _cell_enable_storage_index_for_writes=TRUE 

• _cell_si_max_num_diag_mode_dumps=20 

• _cell_storage_index_columns=0 

• _cell_storage_index_diag_mode=FALSE 
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• _cell_storage_index_partial_rd_sectors=512 

• _cell_storage_index_partial_reads_threshold_percent=85 

• _cell_storage_index_sizing_factor=2 

You’vealreadyseenthetracingparameters(_CELL_STORAGE_INDEX_DIAG_MODE and
_CELL_SI_MAX_NUM_DIAG_MODE_DUMPS)inthesection“MonitoringStorageIndexes.”Thesetwoparameters
arethemostusefulinouropinion,althoughyoushouldgettheideafromthelistthatthereisalsosome
builtinabilitytomodifybehaviorssuchastheamountofmemorytoallocateforstorageindexesandthe
numberofcolumnsthatcanbeindexedpertable.

Behavior 
ThereisnotalotyoucandotocontrolwhenStorageIndexesareusedandwhentheyarenot.Other
thantheparameterfordisablingthem,thereislittleyoucando.Thereisnospecifichinttoenableor
disabletheiruse.Andunfortunately,theOPT_PARAMhintdoesnotworkwiththe
_KCFIS_STORAGEIDX_DISABLEDparameter,either.ThefactthatthereisnowaytoforcetheuseofaStorage
Indexmakesitevenmoreimportanttounderstandwhenthispowerfuloptimizationwillandwillnotbe
used.

Inorderforastorageindextobeused,aquerymustincludeormakeuseofallthefollowing:

Smart Scan:StorageIndexescanonlybeusedwithstatementsthatdoSmart
Scans.Thiscomeswithawholesetofrequirements,asdetailedinChapter2.
Themainrequirementsarethattheoptimizermustchooseafullscanandthat
theI/Omustbedoneviathedirectpathreadmechanism.

At Least One Predicate: InorderforastatementtouseaStorageIndex,there
mustbeaWHEREclausewithatleastonepredicate.

Simple Comparison Operators: StorageIndexescanbeusedwiththefollowing
setofoperators:

=, <, >, BETWEEN, >=, <=, IN, IS NULL, IS NOT NULL 

Ifaquerymeetstherequirementsofhavingatleastonepredicateinvolvingsimplecomparison
operators,andifthatquery’sexecutionmakesuseofSmartScan,thenthestoragesoftwarecanmake
useofstorageindexes.Theycanbeappliedtoanyofthefollowingaspectsofthequery:

Multi-Column Predicates:StorageIndexescanbeusedwithmultiple
predicatesonthesametable.

Joins: StorageIndexescanbeusedonstatementsaccessingmultipletablesto
minimizediskI/ObeforetheJoinoperationsarecarriedout.

Parallel Query: StorageIndexescanbeusedbyparallelqueryslaves.Infact,
sincedirectpathreadsarerequiredtoenableStorageIndexes,parallelqueries
areveryusefulforensuringthatStorageIndexescanbeused.

HCC: StorageIndexesworkwithHCCcompressedtables.

Bind Variables: StorageIndexesworkwithbindvariables.Thevaluesofthe
bindvariablesappeartobepassedtothestoragecellswitheachexecution.
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Partitions –StorageIndexesworkwithpartitionedobjects.Individual
statementscanbenefitfrompartitioneliminateandstorageindexesduringthe
sameexecution.

Sub-queries: StorageIndexesworkwithpredicatesthatcompareacolumntoa
valuereturnedbyasub-query.

Encryption: StorageIndexesworkonencryptedtables.

Thereareofcourselimitations.Followingaresomefeaturesandsyntaxthatpreventtheuseof
storageindexes:

CLOBs:StorageIndexesarenotcreatedonCLOBs.

!=:StorageIndexesdonotworkwithpredicatesthatusethe!=comparison
operator.

Wildcards:StorageIndexesdonotworkonpredicatesthatusethe%wildcard.

Afurtherlimitationisthatstorageindexesmaycontainonlyeightcolumns.Theyarecreatedand
maintainedforeight-columnspertable.Thisdoesnotmeanthatquerieswithmorethan8predicates
cannotmakeuseofStorageIndexes.Insuchcases,thestoragesoftwarecanusetheindexesthatexist,
butbydefaulttherewillbeamaximumofeightcolumnsthatcanbeindexed.Itdoesappearthatthe
developershaveparameterizedthissetting,soitmaybepossibletochangethisvaluewithhelpfrom
Oraclesupport.

Finally,bearinmindthatstorageindexesarenotpersistedtodisk.Thestoragecellmustrebuild
themwheneverthecellsrvprogramisrestarted.Theyaregenerallycreatedduringthefirstsmartscan
thatreferencesagivencolumnafterastorageserverhasbeenrestarted.Theycanalsobecreatedwhena
tableiscreatedviaaCREATE TABLE AS SELECTstatement,orduringotherdirect-pathloads.Andof
course,thestoragecellwillupdatestorageindexesinresponsetochangesthatapplicationsmaketothe
datainthetables.

Performance 
StorageIndexesprovidesomeofthemostdramaticperformancebenefitsavailableontheExadata
platform.Dependingontheclusteringfactorofaparticularcolumn(thatis,howwellthecolumn’sdata
issortedondisk),theresultscanbespectacular.Here’satypicalexampleshowingtheperformanceofa
querywithandwithoutthebenefitofStorageIndexes:

SYS@EXDB1> alter session set cell_offload_processing=false; 
 
Session altered. 
 
SYS@EXDB1> alter session set "_kcfis_storageidx_disabled"=true; 
 
Session altered. 
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SYS@EXDB1> select count(*) from kso.skew3; 
 
 
  COUNT(*) 
---------- 
 384000048 
 
1 row selected. 
 
Elapsed: 00:01:45.39 
 
SYS@EXDB1> alter session set cell_offload_processing=true; 
 
Session altered. 
 
Elapsed: 00:00:00.00 
SYS@EXDB1> select count(*) from kso.skew3; 
 
  COUNT(*) 
---------- 
 384000048 
 
1 row selected. 
 
Elapsed: 00:00:23.70 
 
SYS@EXDB1> select count(*) from kso.skew3 where pk_col = 7000; 
 
  COUNT(*) 
---------- 
        12 
 
Elapsed: 00:00:13.74 
 
SYS@EXDB1> alter session set "_kcfis_storageidx_disabled"=false; 
 
Session altered. 
 
Elapsed: 00:00:00.00 
 
SYS@EXDB1> select count(*) from kso.skew3 where pk_col = 7000; 
 
  COUNT(*) 
---------- 
        12 
 
Elapsed: 00:00:01.06 

Atthestartofthisdemonstration,alloffloadingwasdisabledviathedatabaseinitialization
parameter,CELL_OFFLOAD_PROCESSING.StorageIndexeswerealsodisabled,viathehiddenparameter
_KCFIS_STORAGEIDX_DISABLED.AquerywithoutaWHEREclausewasrunandwascompletedusingdirect
pathreads,butwithoutoffloading.Thatquerytook1minuteand45secondstodothefulltablescanand
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returnedentireblockstothedatabasegrid,justasitwouldonnon-Exadatastorageenvironments.
Offloadingwasthenre-enabledandthequerywasrepeated.Thistimeitcompletedinabout24seconds.
Theimprovementinelapsedtimewasprimarilyduetocolumnprojectionsincethestoragelayeronly
hadtoreturnacounterofrows,insteadofreturninganyofthecolumnvalues.

AveryselectiveWHEREclausewasthenaddedtothequery;itreducedthetimetoabout14seconds.
Thisimprovementwasthankstopredicatefiltering.RememberthatStorageIndexeswerestillturned
off.Acounterforonly12rowshadtobereturnedtothedatabasemachine,butthestoragecellsstillhad
toreadallthedatatodeterminewhichrowstoreturn.FinallytheStorageIndexeswerere-enabled,by
setting_KCFIS_STORAGEIDX_DISABLEDtoFALSE,andthequerywiththeWHEREclausewasexecutedagain.
Thistimetheelapsedtimewasonlyabout1second.Whilethisperformanceimprovementseems
extreme,itisrelativelycommonwhenStorageIndexesareused.

SpecialOptimizationforNulls
NullsareaspecialcaseforStorageIndexes.ThereisaseparateflagintheStorageIndexstructurethatis
usedtoindicatewhetherastorageregioncontainsnullsornot.Thisseparateflagmakesquerieslooking
fornulls(ortheabsenceofnulls)evenmoreefficientthanthenormalminimumandmaximum
comparisonsthataretypicallydone.Here’sanexamplecomparingtypicalperformancewithand
withoutthespecialnulloptimization.

SYS@EXDB1> set timing on 
SYS@EXDB1> select count(*) from kso.skew3 where col1 =10000; 
 
  COUNT(*) 
---------- 
         0 
 
Elapsed: 00:00:14.47 
SYS@EXDB1> @si 
 
NAME                                                    VALUE 
--------------------------------------------- --------------- 
cell physical IO bytes saved by storage index         3915776 
 
Elapsed: 00:00:00.00 
SYS@EXDB1> select count(*) from kso.skew3 where col1 is null; 
 
  COUNT(*) 
---------- 
         4 
 
Elapsed: 00:00:00.12 
SYS@EXDB1> @si 
 
NAME                                                    VALUE 
--------------------------------------------- --------------- 
cell physical IO bytes saved by storage index     15954714624 
 
Elapsed: 00:00:00.00 

Inthisexampleyoucanseethatretrievalofafewnullswasextremelyfast.Thisisbecausethereis
nopossibilitythatanystorageregionthatdoesn’tcontainanullwillhavetoberead,sonofalse
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positiveswillslowdownthisquery.Withanyothervalue(excepttheminimumormaximumvaluefora
column),therewillmostlikelybestorageregionsthatcan’tbeeliminated,eventhoughtheydon’t
actuallycontainavaluethatmatchesthepredicates.Thisisexactlythecaseinthepreviousexample,
wherenorecordswerereturnedforthefirstquery,eventhoughittook14secondstoreadallthedata
fromdisk.NoticealsothattheamountofI/Osavedbythenullqueryisalmost16gigabytes(GB),while
theamountsavedbythefirstquerywasonlyabout3MB.Thatmeansthatthefirstqueryfoundalmost
nostorageregionsthatitcouldeliminate.

PhysicalDistributionofValues
StorageIndexesbehaveverydifferentlyfromnormalindexes.Theymaintainafairlycoarsepictureofthe
valuesthatarestoredondisk.However,theirmechanismcanbeveryeffectiveateliminatinglarge
amountsofdiskI/Oincertainsituationswhilestillkeepingthecostofmaintainingthemrelativelylow.
It’simportanttokeepinmindthatthephysicaldistributionofdataondiskwillhavealargeimpacton
howeffectivetheStorageIndexesare.Anillustrationwillmakethisclearer.

Supposeyouhaveatablethathasacolumnwithuniquevalues(thatis,novalueisrepeated).Ifthe
dataisstoredondiskinsuchamannerthattherowsareorderedbythatcolumn,thentherewillbeone
andonlyonestorageregionforanygivenvalueofthatcolumn.Anyquerywithanequalitypredicateon
thatcolumnwillhavetoreadatmostonestorageregion.Figure4-2showsaconceptualpictureofa
StorageIndexforasortedcolumn.



Figure 4-2. A Storage Index on a sorted column 

Asyoucanseefromthediagram,ifyouwantedtoretrievetherecordwherethevaluewas102,you
wouldonlyhaveonestorageregionthatcouldpossiblycontainthatvalue.

Supposenowthatthesamedatasetisstoredondiskinarandomorder.Howmanystorageregions
wouldyouexpecttohavetoreadtolocateasinglerowviaanequalitypredicate?Itdependsonthe
numberofrowsthatfitintoastorageregion,buttheansweriscertainlymuchlargerthanthe1storage
regionthatwouldberequiredwiththesorteddataset.

x
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■KevinSays:Choosingtosortdataatloadtimeisa“paynoworpaylater”proposition.Ifsortingdatafitswithin
theopportunitywindowforloadingdata,theextraeffortwillpaydividendsinincreasedStorageIndex
effectivenessand,quiteoften,improvedHybridColumnarCompressionratios.

It’sjustthatsimple.Storageindexeswillbemoreeffectiveonsorteddata.Fromaperformance
perspective,thebettersortedthedataisondisk,thefastertheaverageaccesstimewillbewhenusing
StorageIndexes.Foracolumnthatiscompletelysorted,theaccesstimeshouldbeveryfastandthere
shouldbelittlevariationintheaccesstime,regardlessofwhatvaluesarerequested.Forunsorteddata
theaccesstimeswillbefastertowardtheendsoftherangeofvalues(becausetherearenotmanystorage
regionsthatwillhaverangesofvaluescontainingthequeriedvalue).Theaverageaccesstimesforvalues
inthemiddleofthedistributionwillvarywidely.Figure2-3isachartcomparingaccesstimesusing
StorageIndexesforsortedandunsorteddata.



Figure 4-3. Storage Index access times – sorted vs. unsorted 

Asyoucansee,sorteddatawillprovidebetterandmoreconsistentresults.Whilewe’reonthe
subject,Ishouldpointoutthattherearemanycaseswhereseveralcolumnswillbenefitfromthis
behavioralcharacteristicofStorageIndexes.It’scommonindatawarehouseenvironmentstohavedata
thatispartitionedonadatecolumn.Andthereareoftenmanyothercolumnsthattrackthepartition
keysuchasassociateddates(orderdate,shipdate,insertdate,returndateforexample)orsequentially
generatednumberslikeordernumbers.Queriesagainstthesecolumnareoftenproblematicduethefact
thatpartitioneliminatecannothelpthem.StorageIndexeswillprovideasimilarbenefittopartition
eliminationaslongascareistakentoensurethatthedataispre-sortedpriortoloading.

Potential Issues 
There’snosuchthingasafreepuppy.Aswitheverythinginlife,thereareafewissueswithStorage
Indexesthatyoushouldbeawareof.
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IncorrectResults
ByfarthebiggestissuewithStorageIndexeshasbeenthatinearlyreleasesoftheExadataStorage
Softwaretherewereahandfulofbugsregardingincorrectresults.Thatistosaythatincertainsituations,
usageofStorageIndexescouldeliminatestorageregionsfromconsiderationthatactuallycontained
recordsofinterest.ThisincorrecteliminationcouldoccurduetotimingissueswithconcurrentDML
whileaSmartScanwasbeingdoneusingStorageIndexes.Thesebugshavebeenaddressedin11.2.0.2
andthelatestpatchesonthestorageservers.Ifyourunintothisissue,disablingStorageIndexusevia
thehiddenparameter,_KCFIS_STORAGEIDX_DISABLED,maybetheonlyoptionavailableuntiltheproper
patchesareapplied.Thisparametercanbesetwithanalter sessioncommand,sothatonly
problematicqueriesareaffected.OfcourseyoushouldcheckwithOracleSupportbeforeenablingany
hiddenparameters.

MovingTarget
StorageIndexescanbealittlefrustratingbecausetheydon’talwayskickinwhenyouexpectthemto.
AndwithoutanyhintstotellOraclethatyoureallywantaStorageIndextobeused,thereislittleyoucan
dootherthantrytounderstandwhytheyarenotusedincertaincircumstancessoyoucanavoidthose
conditionsinthefuture.

Inearlyversionsofthestorageserversoftware,oneofthemainreasonsthatStorageIndexeswere
disabledwasduetoimplicitdatatypeconversions.Overtheyears,Oraclehasgottenbetterandbetterat
doing“smart”datatypeconversionsthatdon’thavenegativeperformanceconsequences.Forexample,
ifyouwriteaSQLstatementwithaWHEREclausethatcomparesadatefieldtoacharacterstring,Oracle
willusuallyapplyato_datefunctiontothecharacterstringinsteadofmodifyingthedatecolumn(which
couldhavetheunpleasantsideeffectofdisablinganindex).Unfortunately,whentheExadatastorage
softwarewasrelativelynew,allthenuanceshadnotbeenworkedout,atleasttothedegreewe’reusedto
fromthedatabaseside.Dateshavebeenparticularlypersnickety.Hereisanexampleusingcellsrv
11.2.1.2.6:

SYS@EXDB1> select count(*) from kso.skew3 where col3 = '20-OCT-05';       
 
  COUNT(*) 
---------- 
         0 
 
Elapsed: 00:00:14.00 
SYS@EXDB1> @si 
 
NAME                                                    VALUE 
--------------------------------------------- --------------- 
cell physical IO bytes saved by storage index               0 
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Elapsed: 00:00:00.01 
SYS@EXDB1> select count(*) from kso.skew3 where col3 = '20-OCT-2005'; 
 
  COUNT(*) 
---------- 
         0 
 
Elapsed: 00:00:00.07 
SYS@EXDB1> @si 
 
NAME                                                    VALUE 
--------------------------------------------- --------------- 
cell physical IO bytes saved by storage index     15954337792 
 
Elapsed: 00:00:00.01 

Inthisverysimpleexamplethereisaquerywithapredicatecomparingadatecolumn(col3)toa
stringcontainingadate.Inonecase,thestringcontainedafour-digityear.Intheother,onlytwodigits
wereused.Onlythequerywiththefour-digityearformatusedtheStorageIndex.Let’slookattheplans
forthestatementstoseewhythetwoqueriesweretreateddifferently:

SYS@EXDB1> @fsx2 
Enter value for sql_text: select count(*) from kso.skew3 where col3 = % 
Enter value for sql_id:  
Enter value for inst_id:  
 
 
SQL_ID            AVG_ETIME  PX OFFLOAD IO_SAVED% SQL_TEXT 
------------- ------------- --- ------- --------- ---------------------------------------- 
2s58n6d3mzkmn           .07   0 Yes        100.00 select count(*) from kso.skew3 where 
                                                  col3 = '20-OCT-2005' 
 
fuhmg9hqdbd84         14.00   0 Yes         99.99 select count(*) from kso.skew3 where 
                                                  col3 = '20-OCT-05' 
 
2 rows selected. 
 
SYS@EXDB1> select * from table(dbms_xplan.display_cursor('&sql_id','&child_no','typical')); 
Enter value for sql_id: fuhmg9hqdbd84 
Enter value for child_no:  
 
PLAN_TABLE_OUTPUT 
-------------------------------------------------------------------------------------------- 
SQL_ID  fuhmg9hqdbd84, child number 0 
------------------------------------- 
select count(*) from kso.skew3 where col3 = '20-OCT-05' 
 
Plan hash value: 2684249835 
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------------------------------------------------------------------------- 
| Id|Operation                  |Name  | Rows|Bytes|Cost (%CPU)|Time    | 
------------------------------------------------------------------------- 
|  0|SELECT STATEMENT           |      |     |     |  535K(100)|        | 
|  1| SORT AGGREGATE            |      |    1|   8 |           |        | 
|* 2|  TABLE ACCESS STORAGE FULL|SKEW3 |  384|3072 |  535K  (2)|01:47:04| 
------------------------------------------------------------------------- 
 
Predicate Information (identified by operation id): 
--------------------------------------------------- 
 
   2 - storage("COL3"='20-OCT-05') 
       filter("COL3"='20-OCT-05') 
 
 
20 rows selected. 
 
SYS@EXDB1> / 
Enter value for sql_id: 2s58n6d3mzkmn 
Enter value for child_no:  
 
PLAN_TABLE_OUTPUT 
-------------------------------------------------------------------------------------------- 
SQL_ID  2s58n6d3mzkmn, child number 0 
------------------------------------- 
select count(*) from kso.skew3 where col3 = '20-OCT-2005' 
 
Plan hash value: 2684249835 
 
------------------------------------------------------------------------------------ 
| Id  | Operation                  | Name  | Rows  | Bytes | Cost (%CPU)| Time     | 
------------------------------------------------------------------------------------ 
|   0 | SELECT STATEMENT           |       |       |       |   531K(100)|          | 
|   1 |  SORT AGGREGATE            |       |     1 |     8 |            |          | 
|*  2 |   TABLE ACCESS STORAGE FULL| SKEW3 |   384 |  3072 |   531K  (1)| 01:46:24 | 
------------------------------------------------------------------------------------ 
 
Predicate Information (identified by operation id): 
--------------------------------------------------- 
 
   2 - storage("COL3"=TO_DATE(' 2005-10-20 00:00:00', 'syyyy-mm-dd 
              hh24:mi:ss')) 
       filter("COL3"=TO_DATE(' 2005-10-20 00:00:00', 'syyyy-mm-dd 
              hh24:mi:ss')) 
 
 
22 rows selected. 

Itappearsthattheoptimizerdidn’trecognizethetwo-digitdateasadate.Attheveryleast,the
optimizerfailedtoapplytheto_datefunctiontotheliteralandsotheStorageIndexwasnotused.
Fortunatelymostofthesetypesofdataconversionissueshavebeenresolvedwiththelaterreleases.
Here’sthesametestusingcellsrv11.2.2.2.0:
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SYS@SANDBOX> @si 
 
NAME                                                                             VALUE 
---------------------------------------------------------------------- --------------- 
cell physical IO bytes saved by storage index                                        0 
 
SYS@SANDBOX> select count(*) from kso.skew3 where col3 = '20-OCT-05'; 
 
  COUNT(*) 
---------- 
         0 
 
SYS@SANDBOX> @si 
 
NAME                                                                             VALUE 
---------------------------------------------------------------------- --------------- 
cell physical IO bytes saved by storage index                              16024526848 

Soasyoucansee,thisconversionissuehasbeenresolved.Sowhybringitup?Wellthepointisthat
thebehaviorofStorageIndexeshaveundergonenumerouschangesastheproducthasmatured.Asa
result,wehavebuiltasetoftestcasesthatweusetoverifybehavioraftereachpatchinourlab.Ourtest
casesprimarilyverifycomparisonoperators(=,<,like,ISNULL,etc…)andafewotherspecialcasessuch
asLOBs,compressionandencryption.Ofcourseit’salwaysagoodpracticetotestapplicationbehavior
afteranypatching,butifyouhavespecificcaseswhereStorageIndexesarecriticaltoyourapplication
youmaywanttakespecialcaretotestthosepartsofyouapplication.

PartitionSize
StorageIndexesdependonSmartScans,whichdependondirectpathreads.AswediscussedinChapter
2,Oraclewillgenerallyuseserialdirectpathreadsforlargeobjects.However,whenanobjectis
partitioned,Oraclemayfailtorecognizethattheobjectis“large,”becauseOraclelooksatthesizeof
eachindividualsegment.ThismayresultinsomepartitionsnotbeingreadviatheSmartScan
mechanismandthusdisablinganyStorageIndexesforthatpartition.Whenhistoricalpartitionsare
compressed,theproblembecomesevenmorenoticeable,asthereducedsizeofthecompressed
partitionswillbeevenlesslikelytotriggertheserialdirectpathreads.Thisissuecanbeworkedaround
bynotrelyingontheserialdirectpathreadalgorithmandinsteadspecifyingadegreeofparallelismfor
theobjectorusingahinttoforcethedesiredbehavior.

IncompatibleCodingTechniques
Finally,therearesomecodingtechniquesthatcandisableStorageIndexes.Here’sanexampleshowing
theeffectofthetruncfunctionondatecolumns:

SYS@EXDB1> select count(*) from kso.skew3 where trunc(col3) = '20-OCT-2005'; 
 
  COUNT(*) 
---------- 
         4 
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1 row selected. 
 
Elapsed: 00:00:57.51 
SYS@EXDB1> @fsx2 
Enter value for sql_text: select count(*) from kso.skew3 where trunc(col3)% 
Enter value for sql_id:  
 
SQL_ID            AVG_ETIME  PX OFFLOAD IO_SAVED% SQL_TEXT 
------------- ------------- --- ------- --------- ---------------------------------------- 
3c1w96cayhut9         56.94   0 Yes         99.99 select count(*) from kso.skew3 where 
                                                  trunc(col3) = '20-OCT-2005' 
 
3c1w96cayhut9         57.50   0 Yes         99.99 select count(*) from kso.skew3 where 
                                                  trunc(col3) = '20-OCT-2005' 
 
 
2 rows selected. 
 
Elapsed: 00:00:00.01 
SYS@EXDB1> select * from table(dbms_xplan.display_cursor('&sql_id','&child_no','typical')); 
Enter value for sql_id: 3c1w96cayhut9                                    
Enter value for child_no:  
 
PLAN_TABLE_OUTPUT 
-------------------------------------------------------------------------------------------- 
SQL_ID  3c1w96cayhut9, child number 1 
------------------------------------- 
select count(*) from kso.skew3 where trunc(col3) = '20-OCT-2005' 
 
Plan hash value: 2684249835 
 
------------------------------------------------------------------------------------ 
| Id  | Operation                  | Name  | Rows  | Bytes | Cost (%CPU)| Time     | 
------------------------------------------------------------------------------------ 
|   0 | SELECT STATEMENT           |       |       |       |   541K(100)|          | 
|   1 |  SORT AGGREGATE            |       |     1 |     8 |            |          | 
|*  2 |   TABLE ACCESS STORAGE FULL| SKEW3 |     4 |    32 |   541K  (3)| 01:48:24 | 
------------------------------------------------------------------------------------ 
 
Predicate Information (identified by operation id): 
--------------------------------------------------- 
 
   2 - storage(TRUNC(INTERNAL_FUNCTION("COL3"))=TO_DATE(' 2005-10-20 
              00:00:00', 'syyyy-mm-dd hh24:mi:ss')) 
       filter(TRUNC(INTERNAL_FUNCTION("COL3"))=TO_DATE(' 2005-10-20 
              00:00:00', 'syyyy-mm-dd hh24:mi:ss')) 
 
Note 
----- 
cardinality feedback used for this statement 



CHAPTER4STORAGEINDEXES

124

Inthisexample,afunctionwasappliedtoadatecolumn,whichasyoumightexpect,disablesthe
StorageIndex.ThefactthatapplyingafunctiontoacolumndisablestheStorageIndexisnottoo
surprising,butapplicationofthetruncfunctionisacommonlyseencodingtechnique.Manydateshave
atimecomponentandmanyquerieswantdataforaspecificday.Itiswellknownthattruncatingadate
inthismannerwilldisablenormalB-Treeindexusage.Inthepast,thatgenerallydidn’tmatter.Queries
inmanydatawarehouseenvironmentsweredesignedtodofullscansanyway,sotherewasreallyno
needtoworryaboutdisablinganindex.StorageIndexeschangethegamefromthisperspectiveandmay
forceustore-thinksomeofourapproaches.We’lldiscussthisissueinmoredetailinChapter16.

Summary 
StorageIndexesareanoptimizationtechniquethatisavailablewhenthedatabaseisabletoutilize
SmartTableScans.Theycanprovidedramaticperformanceimprovements.Storageindexescanbe
thoughtofasanalternatepartitioningstrategy,butwithoutthenormalrestrictionsassociatedwith
partitioning.Theyareespeciallyeffectivewithqueriesthataccessdataviaanalternatekeythattracks
theprimarypartitionkey.

Howthedataisphysicallystoredisanimportantconsiderationandhasadramaticimpactonthe
effectivenessofStorageIndexes.CareshouldbetakenwhenmigratingdatatotheExadataplatformto
ensurethatthedataisclusteredondiskinamannerthatwillallowStorageIndexestobeused
effectively.
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Exadata Smart Flash Cache 

ThemarketingguysatOraclemustliketheterm“smart.”Theyhaveappliedittoadozenorsodifferent
featuresontheExadataplatform.Theyalsoseemtoliketheterm“flash,”whichisassociatedwithat
leastahalfdozenfeaturesaswell.Toaddtotheconfusion,therearetwofeaturesinOracleDatabase11g
Release2thathavealmostexactlythesamenames,DatabaseSmartFlashCache(DBFC)andExadata
SmartFlashCache(ESFC).Whilebothfeaturesmakeuseofflash-basedmemorydevices,theyarevery
different.ThischapterisfocusedonESFCsowe’llonlymentionDBFCinpassing.

Cleary,oneofthegoalswithExadataV2(andnowX2)wastoexpandExadatacapabilitiesto
improveitsperformancewithOLTPworkloads.ESFCwasthekeycomponentthatwasaddedtotheV2
configurationtoaccomplishthisgoal.Theadditionprovidesover5TBofcacheinafullrack.It’s
importanttounderstandthatthiscacheismanagedbyOraclesoftwarethatisawareofhowthedatais
beingusedbythedatabasesthatthestorageissupporting.Oraclehasbeenworkingonsoftwarefor
effectivelymanagingdatabasecachesforover30years.Sincethestoragesoftwareknowswhatthe
databaseisaskingfor,ithasamuchbetterideaofwhatshouldandshouldn’tbecachedthana
conventionalstoragearray.

DBFC VS. ESFC 

DBFCandESFCaretwocompletelydifferentthings.DBFCisanextensionofthebuffercacheonthe
databaseserver.Itisastandardpartof11gandisimplementedasatier2buffercacheforaninstance.It
isonlysupportedonSolarisandOracleEnterpriseLinux.Itisenabledbyaddingaflashcardtoadatabase
serverandtellingasingleinstancetouseit.Ifauserneedsablockthatisnotinthebuffercache,itwill
lookintheDBFCtoseeifitistherebeforerequestinganI/O.Whenblocksareagedoutofthebufferpool,
theyaremovedtotheDBFCinsteadofbeingsimplyflushed.ESFCis,ofcourse,thediskcacheonthe
Exadatastorageservers.Itcachesdataforallinstancesthataccessthestoragecell.

Hardware 
EachExadatastorageserverhas4SunFlashAcceleratorF20PCIecards.Eachcardholds96Gforatotal
of384Goneachstorageserver.Thesearethenumbersthatyounormallyseequotedinthe
specificationsalthoughtheamountthat’savailableforuseisslightlyless.Thecardsareactuallymade
upof4solid-stateflashmodules(FMods),sometimescalleddiskonmodules(DOMs).Eachofthe
modulescontaineight4GBSLCNANDcomponents.Soeachofthe4FModshas32GBofstorage,of
which24GBisaddressable.With4FModsoneachofthe4cardsyouhave16ofthesemodulesineach
storageserver.ThemodulesarepresentedtotheO/Sseparately.Eachmodulereservesanadditional
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1.125Gofitsaddressablespaceforitsownpurposes,yieldingausablespaceof22.875Gpermodule.This
yieldsatotalof366Gofusableflashstorageperstoragecell.That’soveraterabyte(TB)onthesmallest
quarterrackconfigurationandover5TBonafullrack.

TheF20cardsalsoincludeanenergystoragemodule(ESM),sometimesalsoreferredtoasaSuper
Capacitor.Youcanthinkofitasabattery,althoughitactuallyusesacapacitor,whereasatraditional
batteryreliesonchemicalreactions.Atanyrate,thepurposeoftheESMistoprovideenoughpowerto
flushanydatainitsvolatilememorytothenonvolatileflashmemoryinthecaseofasuddenpowerloss.
Thevolatilememoryconsistsof64MofDRAMperFModandisusedtobufferwritestothenonvolatile
flashmemory.YoushouldnotethatiftheESMfails,writeswillby-passtheDRAMandbesentdirectlyto
theflashmemory.Asaresult,writespeedswillbesignificantlydecreasedinthecaseofESMfailure.This
doesn’tpresentamajorissuewhenthecardsareconfiguredasESFC,sincetheOraclestoragesoftware
treatstheESFCasawrite-throughcacheandthereforewritesdirectlytodisk,bypassingthecache.Itcan
beanissuethoughifthecardsareusedasFlashDisks.SunrecommendsthattheESMmodulesbe
replacedeverytwoyearsasthestoredenergydegradesovertime(likeabattery).TheILOMsystem
managementfirmwaremonitorsESMusageandissueswarningsastheESMapproachestheendofits
lifespan.SeetheSunFlashAcceleratorF20PCIeCardUser’sGuideforfurtherdetails.

AccordingtotheSundocumentation,thestorageserversallowPCIecardstobereplacedwhilethe
systemisrunning.However,theOracleExadataStorageSoftwareUser’sGuiderecommendspowering
downthestorageserversbeforereplacingoneofthesecards.Fortunately,youcanaccomplishthis
withoutexperiencinganoutage,asASMredundancyallowsentirestoragecellstobeofflinewithout
affectingthedatabasestheyaresupporting.NotethatreplacingoneoftheF20cardsshouldnotrequire
anyreconfiguration.Figure5-1showsaconceptualdiagramofoneoftheFlashAcceleratorcards.
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Figure 5-1. Conceptual diagram of the Sun F20 PCIe Flash Card  

Cache vs. Flash Disk 
Theflashmemoryonthestorageserverscanbeusedintwoways.Itcanbeconfiguredasalargedisk
cache(ESFC),oritcanbecarvedupandpresentedassolid-statedisks(whichcanbeusedbyASMfor
databasestorage).Thesetwomodesarenotmutuallyexclusive.Theflashmemorycanbeallocatedto
eitherformatinwhateverpercentagesaredesired.Therecommendedconfigurationistousealltheflash
memoryascache.Thisconfigurationsignificantlyspeedsuprandomaccessreads.However,itprovides
nodirectbenefittowritespeeds.

Inmanysystemstheapproachofallocatingallflashmemoryascacheworksverywell.However,for
systemsthatareverywrite-intensive,itmaybebeneficialtousesomeoftheflashmemoryasadisk.
KeepinmindthatdependingontheASMredundancylevelused(NormalorHigh),choosingthisoption
willconsume2or3timestheamountofflashstoragethattheobjectsactuallyoccupy.Thisfactalone
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makestheoptionlesspalatable.Alsokeepinmindthatwritestodatafilesaredoneinthebackgroundby
theDBWRprocesses.Sochoosingtousepartoftheflashbasedstorageasadiskmaynotprovideas
muchbenefitasyoumighthope.Fortunatelyit’sprettyeasytoreallocateflashstorage,sotestingyour
specificsituationshouldnotprovetoodifficult.However,sincethischapterfocusesontheExadata
SmartFlashCachefeature,wewillonlybrieflycoverusingtheF20’sasflashdisks.

■Note:Acommonmisconceptionisthatputtingonlineredologsonflashstoragewillsignificantlyspeedup
writestoredologsandthusincreasethethroughputofhigh-transactionsystems.Whileit’struethatsmallrandom
writesarefasteronSSD-basedstoragethanontraditionaldisks,writestoredologsonhigh-transactionsystems
generallydonotfallintothatbucketandactuallydonotbenefitthatmuchfrombeingstoredonSSDstorage.In
addition,SSDwritemechanicscausealotofvariabilityinindividualwritetimes.Theremaybeindividualwrites
thattakeordersofmagnitudelongerthantheaverage.Thiscancauseproblemsonverybusysystemsaswell.So,
beforeyouputyouronlineredologsontoyourvaluableExadataFlashstorage,youshouldtesttomakesurethat
thebenefitsoutweighthecosts.

UsingFlashMemoryasCache
Averysimplifieddescriptionofhowadiskcacheworksgoessomethinglikethis.Whenareadrequest
comesin,theI/Osubsystemchecksthecachetoseeiftherequesteddataexistsincache.Ifthedataisin
thecache,itisreturnedtotherequestingprocess.Iftherequesteddatadoesn’tresideinthecache,itis
readfromdiskandreturnedtotherequestingprocess.Inthecaseofuncacheddata,thedataislater
copiedtothecache(afteritisreturnedtotherequestingprocess).Thisisdonetoensurethatthecache
doesn’tslowdowntheI/Ofortherequestingprocess.

WithExadata,diskcachingisnotquiteassimpleasthegeneralcasewejustdescribed.Inaneffort
tomaximizethepotentialthroughput,thecellsrvprogrammayactuallyfireoffasyncI/Orequeststo
boththediskandtheflashcache.Generallyspeaking,iftherequesteddataisinthecache,therequests
willbefulfilledbytheflashcachebeforethediskreadswillbeabletocomplete.However,whenthe
systemisheavilyloaded,itispossibleforsomerequeststobefulfilledbytheflashcachewhileothersare
fulfilledbythedisks.Thistwo-prongedattackeffectivelyincreasestheamountofthroughputthatthe
systemcandeliver.

■KevinSays:“ThehardwareuponwhichExadataStorageServerisbasedoffersfivehigh-bandwidthPCIslots
forstorageattachment.WithoutattackingbothFlashandHardDiskassetsinparallel,eachcellwouldbelimitedto
roughly1.8GB/sscanthroughput.WithcellsrvscanningbothFlashandHardDiskconcurrently,thescan
throughputincreasestoroughly4.8GB/s.

Figure5-2showstheI/OpathofreadsusingOracle’sESFC.
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Flash Cache Reads - I / O Path Architecture
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Figure 5-2. Conceptual model of read operation I/O path 

SinceESFCisawrite-throughcache,writesbypassthecacheandgodirectlytodisk.However,after
sendinganacknowledgementbacktothedatabaseserver,Oracle’sstoragesoftwarethencopiesthedata
intothecache,assumingitissuitableforcaching.Thisisakeypoint.Themetadatathatissentwiththe
writerequestletsthestoragesoftwareknowifthedataislikelytobeusedagainandifso,thedataisalso
writtentothecache.Thisstepisdoneaftersendinganacknowledgementtothedatabasetierinorderto
ensurethatthewriteoperationcancompleteasquicklyaspossible.

Figure5-3showstheI/OpathofwritesusingOracle’sESFC.
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Flash Cache Writes - I / O Path Architecture
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Figure 5-3. Conceptual model  of write operation I/O path 

Asyoumightguess,SmartScansgenerallyignoretheESFCandreaddirectlyfromdisk.However,if
theobjectbeingscannedhasbeendesignatedforpreferentialcaching(bysettingthestorageclause
attributeCELL_FLASH_CACHEtoKEEP),thenevenSmartScanswillattempttoreadfromflashcache.The
followingexampledemonstratesthisbehavior.

SYS@EXDB1> @mystats 
Enter value for name: cell flash%  
 
NAME                                                                 VALUE 
---------------------------------------------------------- --------------- 
cell flash cache read hits                                            3570 
 
Elapsed: 00:00:00.01 
SYS@EXDB1> alter table kso.skew3 storage (cell_flash_cache keep); 
 
Table altered. 
 
Elapsed: 00:00:00.01 
SYS@EXDB1> select avg(pk_col) from kso.skew3 where col1 > 1; 
 
AVG(PK_COL) 
----------- 
 16053318.5 
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Elapsed: 00:00:34.35 
SYS@EXDB1> @mystats 
Enter value for name: cell flash%  
 
NAME                                                                 VALUE 
---------------------------------------------------------- --------------- 
cell flash cache read hits                                            3571 
 
Elapsed: 00:00:00.01 
SYS@EXDB1> -- nothing in the flash cache the first time, try again 
SYS@EXDB1> 
SYS@EXDB1> select avg(pk_col) from kso.skew3 where col1 > 1; 
 
AVG(PK_COL) 
----------- 
 16053318.5 
 
Elapsed: 00:00:27.82   notice that the elapsed time is somewhat faster 
SYS@EXDB1> @mystats 
Enter value for name: cell flash% 
 
NAME                                                                 VALUE 
---------------------------------------------------------- --------------- 
cell flash cache read hits                                           24401 
 
Elapsed: 00:00:00.01 
SYS@EXDB1> alter table kso.skew3 storage (cell_flash_cache default); 
 
Table altered. 
 
Elapsed: 00:00:00.05 
SYS@EXDB1> select avg(pk_col) from kso.skew3 where col1 > 1; 
 
AVG(PK_COL) 
----------- 
 16053318.5 
 
Elapsed: 00:00:31.54 
SYS@EXDB1> @mystats 
Enter value for name: cell flash% 
 
NAME                                                                 VALUE 
---------------------------------------------------------- --------------- 
cell flash cache read hits                                           24401 
 
Elapsed: 00:00:00.00 
SYS@EXDB1>  
SYS@EXDB1> alter table kso.skew3 storage (cell_flash_cache keep); 
 
Table altered. 
 
Elapsed: 00:00:00.01 
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SYS@EXDB1> select avg(pk_col) from kso.skew3 where col1 > 1; 
 
AVG(PK_COL) 
----------- 
 16053318.5 
 
Elapsed: 00:00:27.90 
SYS@EXDB1> @mystats 
Enter value for name: cell flash% 
 
NAME                                                                 VALUE 
---------------------------------------------------------- --------------- 
cell flash cache read hits                                           45225 
 
Elapsed: 00:00:00.01 

IntheprecedingexampleyoucanseethattheSmartScanisfasterwhentheCELL_FLASH_CACHE
storageclauseattributeissettoKEEPandmoreimportantly,thatalargenumberof“cellflashcacheread
hits”aregeneratedinthatcase.WhentheCELL_FLASH_CACHEattributeissettoDEFAULT,thequeryis
slowerandno“cellflashcachereadhits”aregenerated.

HowESFCisCreated
StorageconfigurationiscoveredindetailinChapter8,butthebasiccommandsforcreatingand
managingflashcachewillbecoveredbrieflyinthissectionaswell.Thecacheiscreatedandmanaged
usingthecellcliutilityoneachstorageserver(thecellclicommandsyntaxiscoveredindetailin
AppendixA).Alternatively,thedcliutility,whichreplicatescommandsacrossmultiplestoragecells,can
beused.ThecommandtocreatethecacheisCREATE FLASHCACHE.Here’sanexample.

CellCLI> create flashcache all size=300g 
 
Flash cache cell03_FLASHCACHE successfully created  

ThisformofthecommandtellsthestoragesoftwaretospreadthecacheacrossalltheFModsonall
theflashcards.Inthiscase,thesizeparameterwasusedtospecifythattheentirecacheshouldoccupy
only300G,leavingroughly65Gavailableforuseasaflashdisk.Touseallavailablespaceforflashcache,
simplyleaveoffthesizeparameter.

CellCLI> create flashcache all 
 
Flash cache cell03_FLASHCACHE successfully created 

Thiscommandusesallavailablestorageonallavailableflashcards.Notethattheflashcacheis
automaticallyassignedanamethatincludesthenameofthestoragecell.Toseethesizeofthe
flashcacheyoucanissuetheLIST FLASHCACHE DETAILcommand:

CellCLI> list flashcache detail 
         name:                   cell03_FLASHCACHE 
         cellDisk: FD_15_cell03,FD_02_cell03,FD_14_cell03,FD_10_cell03,FD_01_cell03, 
FD_13_cell03,FD_12_cell03,FD_08_cell03,FD_07_cell03,FD_11_cell03,FD_09_cell03,FD_05_cell03, 
FD_06_cell03,FD_04_cell03,FD_03_cell03,FD_00_cell03 
         creationTime:           2010-11-07T19:45:32-06:00 
         degradedCelldisks:       
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         effectiveCacheSize:     300G 
         id:                     80a40cc9-371c-4c9f-85bf-ffbe580976c1 
         size:                   300G 
         status:                 normal 

Noticethattheflashcacheisspreadacross16celldisks.ThereisonecelldiskforeachFModon
eachflashcard.Togetmoreinformationaboutthecelldisksthatmakeuptheflashcache,youcanuse
theLIST CELLDISKcommand,shownhere:

CellCLI> list celldisk attributes name, diskType, size where name like 'FD.*' 
         FD_00_cell03    FlashDisk       22.875G 
         FD_01_cell03    FlashDisk       22.875G 
         FD_02_cell03    FlashDisk       22.875G 
         FD_03_cell03    FlashDisk       22.875G 
         FD_04_cell03    FlashDisk       22.875G 
         FD_05_cell03    FlashDisk       22.875G 
         FD_06_cell03    FlashDisk       22.875G 
         FD_07_cell03    FlashDisk       22.875G 
         FD_08_cell03    FlashDisk       22.875G 
         FD_09_cell03    FlashDisk       22.875G 
         FD_10_cell03    FlashDisk       22.875G 
         FD_11_cell03    FlashDisk       22.875G 
         FD_12_cell03    FlashDisk       22.875G 
         FD_13_cell03    FlashDisk       22.875G 
         FD_14_cell03    FlashDisk       22.875G 
         FD_15_cell03    FlashDisk       22.875G 

Sincetheflashcachesitsontopofcelldisks,thecelldisksmustbecreatedbeforetheflashcache.
ThiscanbedonewiththeCREATE CELLDISKcommand:

CellCLI> create celldisk all flashdisk 
CellDisk FD_00_cell03 successfully created 
CellDisk FD_01_cell03 successfully created 
CellDisk FD_02_cell03 successfully created 
CellDisk FD_03_cell03 successfully created 
CellDisk FD_04_cell03 successfully created 
CellDisk FD_05_cell03 successfully created 
CellDisk FD_06_cell03 successfully created 
CellDisk FD_07_cell03 successfully created 
CellDisk FD_08_cell03 successfully created 
CellDisk FD_09_cell03 successfully created 
CellDisk FD_10_cell03 successfully created 
CellDisk FD_11_cell03 successfully created 
CellDisk FD_12_cell03 successfully created 
CellDisk FD_13_cell03 successfully created 
CellDisk FD_14_cell03 successfully created 
CellDisk FD_15_cell03 successfully created 

YoucanalsocreateaflashcacheonalimitedsetofFModsbyspecifyingaspecificlistofcelldisks.
Inmostcasesthisisnotdone,butitispossible.Here’sanexample:

CellCLI> create flashcache celldisk='FD_00_cell03, FD_01_cell03', size=40G  
Flash cache cell03_FLASHCACHE successfully created 
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CellCLI> list flashcache detail 
         name:                   cell03_FLASHCACHE 
         cellDisk:               FD_01_cell03,FD_00_cell03 
         creationTime:           2010-11-09T15:29:28-06:00 
         degradedCelldisks:       
         effectiveCacheSize:     40G 
         id:                     ad56aa9d-0de4-4713-85f2-197134523ebb 
         size:                   40G 
         status:                 normal 

Onceagain,usingcellclitomanagestorageincludingflashcacheiscoveredinmoredetailin
Chapter8,butthissectionshouldgiveyouabasicunderstandingofhowtheflashcacheiscreated.

ControllingESFCUsage
Generallyspeaking,objectswillbecachedintheESFCbasedonthestoragesoftware’sautomatic
cachingpolicy.However,youcanoverridetheautomaticpolicyforindividualdatabaseobjectsbyusing
theCELL_FLASH_CACHEstorageclauseattribute.Theattributehasthreevalidvalues:

NONE:Nevercachethisobject.

DEFAULT:TheAutomaticcachingmechanismisineffect.Thisisthedefault
value.

KEEP:Theobjectshouldbegivenpreferentialstatus.Notethatthisdesignation
alsochangesthedefaultbehaviorofSmartScans,allowingthemtoreadfrom
boththecacheanddisk.

Youcanspecifythestorageclausewhenanobjectiscreated.Someoptionsofthestorageclausecan
bemodifiedusingtheALTERcommandaswell.Here’sanexampleofchangingtheCELL_FLASH_CACHE
storageclauseusingtheALTERcommand.

alter table kso.skew storage (cell_flash_cache keep); 

Youcanalsoseewhetherobjectshavebeendesignatedformoreaggressivecachingbylookingat
thecell_flash_cachecolumnofdba_tablesordba_indexes:

SYS@EXDB1> @esfc_keep_tables 
SYS@EXDB1> select owner, table_name, status, last_analyzed,  
  2  num_rows, blocks, degree, cell_flash_cache 
  3  from dba_tables 
  4  where cell_flash_cache like nvl('&cell_flash_cache','KEEP') 
  5  / 
Enter value for cell_flash_cache:  
 
OWNER TABLE_NAME STATUS LAST_ANAL  NUM_ROWS  BLOCKS DEGREE CELL_FLASH_CACHE 
----- ---------- ------ --------- --------- ------- ------ ---------------- 
KSO   SKEW       VALID  18-SEP-10  32000004  162294      1 KEEP 
KSO   SKEW3      VALID  14-OCT-10 384000048 1949727      1 KEEP 
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Monitoring 
YouroptionsformonitoringESFCarelimitedonthedatabaseservers.Thereisonlyonestatisticrelated
toESFCinv$sysstatandrelatedviews(cell flash cache read hits).Thestorageservers,however,
provideamuchlargerarrayofdiagnosticinformationviathecellcliutility.Unfortunately,sincethese
metricsareprovidedbycellclionindividualstoragecells,theyarelimitedtothatsinglestorageserver.
Thereisnocomprehensivesetofdiagnosticinformationthatcoverstheentirestoragegridatthispoint.

AttheStorageLayer
ThereareanumberofstatisticsthatarecapturedforESFCusageatthestoragecelllayer.Thecellcli
utilityallowsustoviewthosemetrics.TheLIST METRICDEFINITIONcommandprovidesadescriptionof
thevariousstatisticsthatarecollected.Forexample:

CellCLI> LIST METRICDEFINITION attributes name, description WHERE objectType = 'FLASHCACHE'  

Table5-1showstheoutputofthecommand.Thetableprovidesabriefdescriptionforeachstatistic
trackedatthestoragelayerthatyoucanreporton.

Table 5-1. Flash Cache Metric Definitions 

Metric Description 

FC_BYKEEP_OVERWR Numberofmegabytespushedoutoftheflashcachebecauseofspacelimitfor
'keep'objects

FC_BYKEEP_OVERWR_SEC Numberofmegabytespersecondpushedoutoftheflashcachebecauseof
spacelimitfor'keep'objects

FC_BYKEEP_USED Numberofmegabytesusedfor'keep'objectsonflashcache

FC_BY_USED Numberofmegabytesusedonflashcache

FC_IO_BYKEEP_R Numberofmegabytesreadfromflashcachefor'keep'objects

FC_IO_BYKEEP_R_SEC Numberofmegabytesreadpersecondfromflashcachefor'keep'objects

FC_IO_BYKEEP_W Numberofmegabyteswrittentoflashcachefor'keep'objects

FC_IO_BYKEEP_W_SEC Numberofmegabytespersecondwrittentoflashcachefor'keep'objects

FC_IO_BY_R Numberofmegabytesreadfromflashcache

FC_IO_BY_R_MISS  Numberofmegabytesreadfromdisksbecausenotallrequesteddatawasin
flashcache

FC_IO_BY_R_MISS_SEC Numberofmegabytesreadfromdiskspersecondbecausenotallrequested
datawasinflashcache
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Metric Description 

FC_IO_BY_R_SEC Numberofmegabytesreadpersecondfromflashcache

FC_IO_BY_R_SKIP NumberofmegabytesreadfromdisksforIOrequestswithahinttobypass
flashcache

FC_IO_BY_R_SKIP_SEC NumberofmegabytesreadfromdiskspersecondforIOrequestswithahint
tobypassflashcache

FC_IO_BY_W Numberofmegabyteswrittentoflashcache

FC_IO_BY_W_SEC Numberofmegabytespersecondwrittentoflashcache

FC_IO_ERRS  NumberofIOerrorsonflashcache

FC_IO_RQKEEP_R NumberofreadIOrequestsfor'keep'objectssatisfiedfromflashcache

FC_IO_RQKEEP_R_MISS NumberofreadIOrequestsfor'keep'objectsthatdidnotfindalldatainflash
cache

FC_IO_RQKEEP_R_MISS_SEC NumberofreadIOrequestspersecondfor'keep'objectsthatdidnotfindall
datainflashcache

FC_IO_RQKEEP_R_SEC NumberofreadIOrequestsfor'keep'objectspersecondsatisfiedfromflash
cache

FC_IO_RQKEEP_R_SKIP NumberofreadIOrequestsfor'keep'objectswithahinttobypassflash
cache

FC_IO_RQKEEP_R_SKIP_SEC NumberofreadIOrequestspersecondfor'keep'objectswithahintto
bypassflashcache

FC_IO_RQKEEP_W NumberofIOrequestsfor'keep'objectsthatresultedinflashcachebeing
populatedwithdata

FC_IO_RQKEEP_W_SEC NumberofIOrequestspersecondfor'keep'objectsthatresultedinflash
cachebeingpopulatedwithdata

FC_IO_RQ_R NumberofreadIOrequestssatisfiedfromflashcache

FC_IO_RQ_R_MISS NumberofreadIOrequeststhatdidnotfindalldatainflashcache

FC_IO_RQ_R_MISS_SEC NumberofreadIOrequestspersecondthatdidnotfindalldatainflash
cache

FC_IO_RQ_R_SEC  NumberofreadIOrequestssatisfiedpersecondfromflashcache
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Metric Description 

FC_IO_RQ_R_SKIP  NumberofreadIOrequestswithahinttobypassflashcache

FC_IO_RQ_R_SKIP_SEC NumberofreadIOrequestspersecondwithahinttobypassflashcache

FC_IO_RQ_W NumberofIOrequeststhatresultedinflashcachebeingpopulatedwithdata

FC_IO_RQ_W_SEC NumberofIOrequestspersecondthatresultedinflashcachebeing
populatedwithdata


ThemetricsinTable5-1arecumulativesincecellsrvwasstarted.TheLIST METRICCURRENT

commandshowsthecurrentvaluesofthemetricsforasinglestoragecell.Followingareexamplesofa
coupleofcellclicommandsshowingfirstallflashcache-relatedmetricsandthenonlytheflashcache
metricsthatarerelatedtoobjectsdesignatedforaggressivecaching(thatis,objectswhosestorage
clausespecifiesCELL_FLASH_CACHE=KEEP).

CellCLI> LIST METRICCURRENT WHERE objectType = 'FLASHCACHE'  
         FC_BYKEEP_OVERWR          FLASHCACHE      0.0 MB 
         FC_BYKEEP_OVERWR_SEC      FLASHCACHE      0.0 MB/sec 
         FC_BYKEEP_USED            FLASHCACHE      5,072 MB 
         FC_BY_USED                FLASHCACHE      5,434 MB 
         FC_IO_BYKEEP_R            FLASHCACHE      80,288 MB 
         FC_IO_BYKEEP_R_SEC        FLASHCACHE      0.0 MB/sec 
         FC_IO_BYKEEP_W            FLASHCACHE      11,134 MB 
         FC_IO_BYKEEP_W_SEC        FLASHCACHE      0.0 MB/sec 
         FC_IO_BY_R                FLASHCACHE      3,512,908 MB 
         FC_IO_BY_R_MISS           FLASHCACHE      944,942 MB 
         FC_IO_BY_R_MISS_SEC       FLASHCACHE      0.0 MB/sec 
         FC_IO_BY_R_SEC            FLASHCACHE      0.0 MB/sec 
         FC_IO_BY_R_SKIP           FLASHCACHE      11,224,781 MB 
         FC_IO_BY_R_SKIP_SEC       FLASHCACHE      0.3 MB/sec 
         FC_IO_BY_W                FLASHCACHE      3,547,430 MB 
         FC_IO_BY_W_SEC            FLASHCACHE      0.4 MB/sec 
         FC_IO_ERRS                FLASHCACHE      0 
         FC_IO_RQKEEP_R            FLASHCACHE      91,231 IO requests 
         FC_IO_RQKEEP_R_MISS       FLASHCACHE      11,155 IO requests 
         FC_IO_RQKEEP_R_MISS_SEC   FLASHCACHE      0.0 IO/sec 
         FC_IO_RQKEEP_R_SEC        FLASHCACHE      0.0 IO/sec 
         FC_IO_RQKEEP_R_SKIP       FLASHCACHE      1,532 IO requests 
         FC_IO_RQKEEP_R_SKIP_SEC   FLASHCACHE      0.0 IO/sec 
         FC_IO_RQKEEP_W            FLASHCACHE      17,794 IO requests 
         FC_IO_RQKEEP_W_SEC        FLASHCACHE      0.0 IO/sec 
         FC_IO_RQ_R                FLASHCACHE      420,546,099 IO requests 
         FC_IO_RQ_R_MISS           FLASHCACHE      28,959,907 IO requests 
         FC_IO_RQ_R_MISS_SEC       FLASHCACHE      0.0 IO/sec 
         FC_IO_RQ_R_SEC            FLASHCACHE      0.0 IO/sec 
         FC_IO_RQ_R_SKIP           FLASHCACHE      80,970,122 IO requests 
         FC_IO_RQ_R_SKIP_SEC       FLASHCACHE      25.4 IO/sec 
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         FC_IO_RQ_W                FLASHCACHE      304,286,158 IO requests 
         FC_IO_RQ_W_SEC            FLASHCACHE      22.4 IO/sec 
 
CellCLI> LIST METRICCURRENT WHERE objectType = 'FLASHCACHE' AND name LIKE '.*KEEP.*' 
         FC_BYKEEP_OVERWR           FLASHCACHE      0.0 MB 
         FC_BYKEEP_OVERWR_SEC       FLASHCACHE      0.0 MB/sec 
         FC_BYKEEP_USED             FLASHCACHE      5,072 MB 
         FC_IO_BYKEEP_R             FLASHCACHE      80,288 MB 
         FC_IO_BYKEEP_R_SEC         FLASHCACHE      0.0 MB/sec 
         FC_IO_BYKEEP_W             FLASHCACHE      11,134 MB 
         FC_IO_BYKEEP_W_SEC         FLASHCACHE      0.0 MB/sec 
         FC_IO_RQKEEP_R             FLASHCACHE      91,231 IO requests 
         FC_IO_RQKEEP_R_MISS        FLASHCACHE      11,155 IO requests 
         FC_IO_RQKEEP_R_MISS_SEC    FLASHCACHE      0.0 IO/sec 
         FC_IO_RQKEEP_R_SEC         FLASHCACHE      0.0 IO/sec 
         FC_IO_RQKEEP_R_SKIP        FLASHCACHE      1,532 IO requests 
         FC_IO_RQKEEP_R_SKIP_SEC    FLASHCACHE      0.0 IO/sec 
         FC_IO_RQKEEP_W             FLASHCACHE      17,794 IO requests 
         FC_IO_RQKEEP_W_SEC         FLASHCACHE      0.0 IO/sec 

Inadditiontotheperformancemetrics,youcanalsoseewhatobjectsareinthecache.TheLIST 
FLASHCACHECURRENTcommanddisplayswhat’sinthecache.Thiscommandshowsasingleentryforeach
cachedobject,theamountofspaceitisoccupying,andvariousotherstatistics.Here’sanexampleof
lookingattheflashcachecontent:

CellCLI> describe flashcachecontent 
        cachedKeepSize 
        cachedSize 
        dbID 
        dbUniqueName 
        hitCount 
        hoursToExpiration 
        missCount 
        objectNumber 
        tableSpaceNumber 
CellCLI> list flashcachecontent where dbUniqueName like 'EXDB' - 
> and hitcount > 100 - 
> attributes dbUniqueName, objectNumber, cachedKeepSize, - 
> cachedSize, hitCount, missCount 
         EXDB    2       0               4194304         587     208 
         EXDB    40      0               2424832         376     60 
         EXDB    383     0               2146304         117     27 
         EXDB    471     0               4071424         274     85 
         EXDB    475     0               5881856         503     123 
         EXDB    503     0               5308416         669     455 
         EXDB    6373    0               2539520         122     39 
         EXDB    66849   438763520       438763520       420     3322 
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         EXDB    71497   0               1220608         255     15 
         EXDB    71775   0               651780096       1263    20868 

Unfortunately,theobjectnameisnotincludedinthelistofattributes.Thismeansyoumustgoback
tothedatabasetodeterminewhichobjectiswhich(byqueryingdba_objectsforexample).Notethatthe
ObjectNumberattributeincellcliisequivalenttothedata_object_idinthedatabaseviewssuchas
dba_objects.

SYS@EXDB1> select owner, object_name, object_type 
  2 from dba_objects where data_object_id = 66849; 
 
OWNER                          OBJECT_NAME          OBJECT_TYPE 
------------------------------ -------------------- ------------------- 
KSO                            SKEW                 TABLE 

AttheDatabaseLayer
Thedatabasereallydoesn’tprovidemuchvisibilityintohowESFCisused.Thereisonlyonestatistic
availableinv$sysstatandrelatedviewsregardingitsuse.

SYS@EXDB1> @mystats 
Enter value for name: cell flash% 
 
NAME                                                                  VALUE 
---------------------------------------------------------------- ---------- 
cell flash cache read hits                                             2188 

Aswithallsuchstatistics,“cellflashcachereadhits”iscumulative.Inv$sysstatthestatisticreflects
thesystemtotalsincetheinstancewasstarted.Inv$mystatthestatisticreflectsthesessiontotalsince
thesessionwasstarted.Sotheonlyrealwaytomakeuseoftheinformationistolookatthevaluebefore
andaftertheexecutionofaSQLstatementofinterest:

SYS@EXDB1> @mystats 
Enter value for name: cell flash% 
 
NAME                                                                 VALUE 
---------------------------------------------------------- --------------- 
cell flash cache read hits                                             769 
 
SYS@EXDB1> set echo on 
SYS@EXDB1> @avgskew 
SYS@EXDB1> select avg(pk_col) from kso.skew a where col1 > 0 
  2  / 
 
AVG(PK_COL) 
----------- 
 16093750.8 
 
SYS@EXDB1> set echo off 
SYS@EXDB1> @mystats 
Enter value for name: cell flash% 
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NAME                                                                 VALUE 
---------------------------------------------------------- --------------- 
cell flash cache read hits                                            2550 

Performance 
SohowmuchbenefitdoestheExadataSmartFlashCacheactuallyprovide?Probablyoneofthemost
effectivemeasuresoftheeffectivenessofthecacheisthesingleblockreadtimes.Here’sasnippetfrom
anAWRreportforafairlyrepresentativemixedworkloadproductionenvironment.

Event                      Waits <1ms <2ms <4ms <8ms <16ms <32ms <=1s  >1s  
-------------------------- ----- ---- ---- ---- ---- ----- ----- ---- ---- 
cell single block physical 29.4K 96.7  1.5   .2   .4    .4    .3   .4 

Thisoutputwastakenfromaone-hoursnapshotandasyoucansee,therewerealmost30,000
singleblockreads,ofwhichabout97%tooklessthan1ms.Thisisfairlyrepresentativeoftheproduction
systemswe’veobservedandcomparesfavorablywithSSD-basedsystems.Systemsthatrunentirelyon
SSDstoragegenerallyhaveaveragesingleblockaccesstimesinthe0.4msrange,whichismarginally
fasterthanwhatwegenerallyseeonExadata.However,theSSDsystemsareusuallynotcapableof
scalingtheI/OthewayExadatacan.Exadataenjoysthisadvantageprimarilybecauseitisdesignedtobe
abalancedconfiguration,meaningthatthecomponentsintheI/Opatharemorecloselymatchedthan
inmostconventionalstoragearrays.Nothingiswithoutlimitations,ofcourse,butmoststoragesystems
arebottleneckedatvariouspointsintheI/Opath(atthediskcontrollers,forexample).

Anexamplemaybeusefulinillustratingthispoint.Werecentlydidabenchmarkingexercisepitting
anExadataV2HighCapacitySATAquarterracksystemagainstaSunM5000with32coresusingSSDfor
alldatabasestorage.Thetestwasabatchprogramthatspentmostofitstimedoingwhatwewould
typicallycallOLTP-typeprocessing.Therewasalargetablewithabillionplusrows,butitwasaccessed
viaB-Treeindexesarowatatime.OntheM5000,theprocesstookabout3hoursandontheExadatait
tookalittlelessthananhour.WehavehadsimilarexperienceswithotherOLTP-typeworkloadsaswell.
Wegenerallydon’tseetheenormousperformancebenefitsoverothersystemsthatweseeondata
warehouseorientedworkloads,butwehaveseentheplatformturninimprovedperformancenumbers
oneverysystemwe’vecomparedtodate.

SohowelsecouldwemeasuretheeffectivenessofESFC?It’stemptingtotrytocalculateahitratio
fortheflashcache.NodoubtitwouldbeinterestingtoknowwhatpercentageofrequestedI/Osare
satisfiedbytheESFC.Butthiscalculationisnotstraightforward.SinceESFCcachesmorethanjusttable
andindexblocks,it’sdifficulttogetareasonableestimate.Youcouldarguethatotheraccesses(ESFC
bufferscontrolfilesaccessaswell)arenotsignificantenoughtomakeanydifference,andthatmaybe
true.Butthefactofthematteristhereisnoeasywaytodoanythingotherthanmakeasomewhat
educatedguess,knowingfullwellthatitwon’tbecompletelyaccurate.Nevertheless,hereisascript
(esfc_hit_ratio.sql)thatmakesanattempt.Thescriptaddsthesingleblockandmultiblockphysical
readsandcomparesthosewiththecellflashcachehits.Inmanysystemsthiswillbereasonablyclose.
YoushouldbeawarethoughthatSmartScanscanalsoaccesstheESFCforobjectsthathavebeen
designatedforaggressivecachingviatheCELL_FLASH_CACHEstorageparameter.

SYS@EXDB1> @esfc_hit_ratio 
SYS@EXDB1> column c1 heading 'Event|Name'             format a30 trunc 
SYS@EXDB1> column c2 heading 'Total|Waits'            format 99,999,999 
SYS@EXDB1> column c3 heading 'Seconds|Waiting'        format 9,999,999 
SYS@EXDB1> column c5 heading 'Avg|Wait|(ms)' format 9999.9 
SYS@EXDB1> column c6 heading 'Flash Cache Hits' for 999,999,999,999 
SYS@EXDB1> col hit_ratio heading 'Hit Ratio' for 999.999 
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SYS@EXDB1>  
SYS@EXDB1> select 
  2   'cell single + multiblock reads' c1, 
  3   c2, c3, c5, c6, 
  4   c6/decode(nvl(c2,0),0,1,c2) hit_ratio 
  5  from ( 
  6  select 
  7     sum(total_waits)                   c2, 
  8     avg(value)                         c6, 
  9     sum(time_waited / 100)             c3, 
 10     avg((average_wait /100)*1000)          c5 
 11  from 
 12     sys.v_$system_event, v$sysstat ss 
 13  where 
 14     event in ( 
 15   'cell single block physical read', 
 16               'cell multiblock physical read') 
 17  and 
 18      name like 'cell flash cache read hits' 
 19  and 
 20     event not like '%Idle%') 
 21  order by 
 22     c3 
 23  ; 
 
                                                 Avg 
Event                            Total Seconds  Wait                  Hit 
Name                             Waits Waiting  (ms) Flash Cache Hits Ratio 
------------------------------ ------- ------- ----- ---------------- ----- 
cell single + multiblock reads 106,642     374   3.5          247,951 2.325 

Asyoucansee,thescriptvastlyoverestimatesthehitratioonthisparticularsystem,comingupwith
ahitratioofover200%.Thishappensbecausethissystemhasseveralobjectsthataredesignatedfor
aggressivecaching,resultinginmanycachehitsforSmartScaneventswhicharenotincludedinthe
singleblockandmulti-blockreadstatistics.Forsystemsthatdon’tusetheKEEPattribute,thenumbers
shouldbeclosertoreality.However,calculatedhitratiosareprobablynotthebestapproach.Itis
generallymoreenlighteningtolookattheactualsingleblockaccesstimesthantotrytocalculateahit
ratio.

Summary 
ExadataSmartFlashCacheprovidesyetanotherwaytoparedowntheI/OcostassociatedwithOracle
databases.MostoftheoptimizationsthattheExadataplatformprovidesrequiretheuseofSmartScans
(fulltableorindexscans).ESFCdoesnotdependonSmartScansandinfactismostusefulforspeeding
upaccessonrandomreadsofsingleblocks.TheseoperationsaregenerallyassociatedwithOLTP
workloads,andsoESFCisthekeycomponentofExadataforOLTPormixedworkloads.Thefactthat
ESFCdoesnotprovideawrite-backcache,though,severelylimitsitseffectivenesswithsystemsthatare
bottleneckedonwrites.Nevertheless,thelargecacheandtheintelligentcachingalgorithmsusedbythe
OraclestoragesoftwareallowESFCtoprovidereadperformancesimilartosolid-statebaseddisk
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systems.Offloadinglargeportionsofrandomreadactivityfromthedisksalsoprovidesanindirect
benefittoprocessesattemptingtowritetothosesamedisks.

WhileESFCisgenerallythoughtofasanoptimizationaimedatreducinglatencyforsmallreads,it
canalsobeusedquiteeffectivelyforlargeDW-typequeries.Infact,thelargethroughputnumbersthat
Oraclequotesdependondiskandflashcachebeingscannedconcurrently.Theflashcacheactually
shouldersthelion’sshareoftheburdeninthiscase.Youcanenablethisabilityonspecifictablesby
settingtheCELL_FLASH_CACHEattributeonthetabletoKEEP.Thisabilityshouldnotbeoverlookedforkey
tables,astheperformancedifferencecanbedramatic.
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Exadata Parallel Operations 

Exadatadoesn’thaveaspecialwayofexecutingparalleloperationsthatisnotavailableonother
platformsrunning11gR2.However,parallelprocessingisakeycomponentofExadatabecauseefficient
handlingofDataWarehouseworkloadswasaprimarydesigngoalforExadata.Inaddition,because
Offloading/SmartScandependsondirectpathreads,whichareusedbyparallelqueryslaves,parallel
operationstakeonawholenewimportance.Traditionally,theuseofparallelqueryhasrequiredcareful
controlofconcurrencyinordertomaximizetheuseofavailableresourceswithoutoverwhelmingthe
system.Oracle’spreviousattemptsatthrottlingparalleloperationstoallowthemtobeusedinmultiuser
environmentshavenotbeenentirelysuccessful.11gR2providessomenewcapabilitiesforcontrolling
paralleloperations.Inparticular,aqueuingmechanismhasbeenintroducedthatallowsthenumberof
concurrentparallelprocessestobemanagedmoreeffectively.Thisapproachappearstobemuchbetter
suitedtoallowingahighdegreeofparallelismwithoutoverwhelmingtheavailableresourcesthan
previousattempts.11gR2alsointroducedtheabilityforOracletoautomaticallycalculateadegreeof
parallelismonastatement-by-statementbasis.

Thischapterisaboutparallelquery.Otherformsofparallelismprovidedbythedatabase,suchas
recoveryparallelism,willnotbecoveredhere.Wewillbrieflycoverparallelquerymechanicsand
demonstratespecificallyhowthequeuingmechanismandautomaticdegreeofparallelismworkwith
Exadata.Thischapterwillalsobrieflycoverthenew11gR2In-MemoryParallelExecutionfeatureand
discusshowExadatastorageparallelizesI/Ooperations.Itwillnotcoverallthedetailsofparallelquery
orparallelDMLandassumesthatthereaderisfamiliarwithbasicOracleparallelconcepts.Notealso
thatthediscussionandexampleswillrefertobehaviorinOracleDatabase11gRelease2(11.2.0.2).In
mostcases,thecommentsapplyequallytoversion11.2.0.1aswell.Exceptionsareexplicitlycalledout.

Parameters 
BeforedescribingthevariousnewfeaturesandhowtheyapplytoExadata,youshouldreviewthe
parametersthataffecthowparallelqueriesarehandledbythedatabase.Table6-1showstheparameters
alongwithabriefdescriptionofeachone’spurpose.
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Table 6-1. Database Parameters Controlling 11gR2 Parallel Features 

Parameter  Default Description 

parallel_adaptive_multi_user TRUE Oldmechanismofthrottlingparallelstatementsby
downgrading.Inmostcases,thisparametershould
besettoFALSEonExadata,forreasonswe’lldiscuss
laterinthechapter.

parallel_automatic_tuning FALSE Deprecatedsince10g.Thisparameterenabledan
automaticDOPcalculationonobjectsforwhicha
parallelismattributeisset.

parallel_degree_limit CPU ThisparametersetsanupperlimitontheDOPthat
canbeappliedtoasinglestatement.Thedefault
meansthatOraclewillcalculateavalueforthislimit
basedonthesystem’scharacteristics.

parallel_degree_policy MANUAL Controlsseveralparallelfeaturesincluding
AutomaticDegreeofParallelism(autoDOP),Parallel
StatementQueuingandIn-memoryParallel
Execution.

parallel_execution_message_size 16384 Thesizeofparallelmessagebuffersinbytes.

parallel_force_local FALSE Determineswhetherparallelqueryslaveswillbe
forcedtoexecuteonlyonthenodethatinitiatedthe
query(TRUE),orwhethertheywillbeallowedto
spreadontomultiplenodesinaRACcluster(FALSE).

parallel_instance_group  Usedtorestrictparallelslavestocertainsetof
instancesinaRACcluster.

parallel_io_cap_enabled FALSE Usedinconjunctionwiththe
DBMS_RESOURCE_MANAGER.CALIBRATE_IOfunctionto
limitdefaultDOPcalculationsbasedontheI/O
capabilitiesofthesystem.

parallel_max_servers  Themaximumnumberofparallelslaveprocessthat
maybecreatedonaninstance.Thedefaultis
calculatedbasedonsystemparametersincluding
CPU_COUNTandPARALLEL_THREADS_PER_CPU.Onmost
systemsthevaluewillworkouttobe20CPU_COUNT.

parallel_min_percent 0 Oldthrottlingmechanism.Itrepresentsthe
minimumpercentageofparallelserversthatare
neededforaparallelstatementtoexecute.
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Parameter  Default Description 

parallel_min_servers 0 Theminimumnumberofparallelslaveprocesses
thatshouldbekeptrunning,regardlessofusage.
Usuallysettoeliminatetheoverheadofcreatingand
destroyingparallelprocesses.

parallel_min_time_threshold AUTO Theminimumestimatedserialexecutiontimethat
willbetriggerautoDOP.ThedefaultisAUTO,which
translatesto10seconds.Whenthe
PARALLEL_DEGREE_POLICYparameterissettoAUTOor
LIMITED,anystatementthatisestimatedtotake
longerthanthethresholdestablishedbythis
parameterwillbeconsideredacandidateforauto
DOP.

parallel_server TRUE/FALSE Hasnothingtodowithparallelqueries.Settotrueor
falsedependingonwhetherthedatabaseisRAC
enabledornot.Thisparameterwasdeprecatedlong
agoandhasbeenreplacedbytheCLUSTER_DATABASE
parameter.

parallel_server_instances 1orthe
numberof
RACinstances

Hasnothingtodowithparallelqueries.Itissettothe
numberofinstancesinaRACcluster.

parallel_servers_target  Theupperlimitonthenumberofparallelslavesthat
maybeinuseonaninstanceatanygiventimeif
parallelqueuingisenabled.Thedefaultiscalculated
automatically.

parallel_threads_per_cpu 2 Usedinvariousparallelcalculationstorepresentthe
numberofconcurrentprocessesthataCPUcan
support.

Parallelization at the Storage Tier 
Exadatahasalotofprocessingpoweratthestoragelayer.RegardlessofwhetheryouareusingaV2
quarterrackoranX2-8fullrack,youstillhavemoreCPUresourcesavailableatthestoragelayerthan
youhaveatthedatabaselayer.SinceSmartScansoffloadalotofprocessingtothestoragecells,every
queryexecutedviaSmartScaniseffectivelyparallelizedacrosstheCPUsonthestoragecells.Thistype
ofparallelizationiscompletelyindependentofthedatabaseparallelprocessingcapabilities,bytheway.
Sothiskindofparallelizationoccursevenwhentheactivityisdrivenbyasingleprocessonasingle
databaseserver.Thisintroducessomeinterestingissuesthatshouldbeconsideredwithregardto
normalparallelizationatthedatabasetier.Sinceoneoftheprimaryjobsofaparallelizedqueryisto
allowmultipleprocessestoparticipateintheI/Ooperations,andsincetheI/Ooperationsarealready
spreadacrossmultipleprocesses,thedegreeofparallelismrequiredbystatementsrunningonthe
Exadataplatformshouldbesmallerthanonotherplatforms.
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Auto DOP 
OneofthemajorchangestoparalleloperationsinOracleDatabase11gRelease2wastheadditionofa
featureaffectionatelyknownasAutoDOP.Itwasdesignedtoovercometheproblemsassociatedwith
thefactthatthereisrarelyasingleDOPvaluethatisappropriateforallqueriestouchingaparticular
object.Priorto11gR2,DOPcouldbespecifiedatthestatementlevelviahintsorattheobjectlevelvia
theDEGREEandINSTANCEsettings.Realistically,usinghintsatthestatementlevelmakesmoresensein
mostsituationsforthereasonjustmentioned.Butitrequiresthatthedevelopersunderstandthe
platformthatthestatementswillberunningonandtheworkloadthatthehardwarewillbesupporting
atthetimeofexecution.Gettingthesettingscorrectcanbeatedioustrial-and-errorprocessand
unfortunately,DOPcannotbechangedwhileastatementisrunning.Onceitstarts,youronlyoptions
aretoletitcompleteorkillitandtryagain.Thismakesfinetuningina“live”environmentapainful
process.

OperationandConfiguration
WhenAutoDOPisenabled,Oracleevaluateseachstatementtodeterminewhetheritshouldberunin
parallelandifso,whatDOPshouldbeused.Basicallyanystatementthattheoptimizerconcludeswill
takelongerthan10secondstorunseriallywillbeacandidatetoruninparallel.The10-secondthreshold
canbecontrolledbysettingthePARALLEL_MIN_TIME_THRESHOLDparameterbytheway.Thisdecisionis
maderegardlessofwhetheranyoftheobjectsinvolvedinthestatementhavebeendecoratedwitha
paralleldegreesettingornot.

AutoDOPisenabledbysettingthePARALLEL_DEGREE_POLICYparametertoavalueofAUTOorLIMITED.
ThedefaultsettingforthisparameterisMANUAL,whichdisablesallthreeofthenew11gR2parallel
features(AutoDOP,ParallelStatementQueuing,In-memoryParallelExecution).Unfortunately,
PARALLEL_DEGREE_POLICYisoneofthoseparametersthatcontrolmorethanonething.Thefollowinglist
showstheeffectsofthevarioussettingsforthisparameter.

MANUAL:IfPARALLEL_DEGREE_POLICYissettoMANUAL,noneofthenew11gR2
parallelfeatureswillbeenabled.Parallelprocessingwillworkasitdidin
previousversions.Thatistosay,statementswillonlybeparallelizedifahintis
usedoranobjectisdecoratedwithaparallelsetting.

LIMITED:IfPARALLEL_DEGREE_POLICYissettoLIMITED,onlyAutoDOPisenabled
whileParallelStatementQueuingandIn-memoryParallelExecutionremain
disabled.Inaddition,onlystatementsaccessingobjectsthathavebeen
decoratedwiththedefaultparallelsettingwillbeconsideredforAutoDOP
calculation.

AUTO:IfPARALLEL_DEGREE_POLICYissettoAUTO,allthreeofthenewfeaturesare
enabled.Statementswillbeevaluatedforparallelexecutionregardlessofany
paralleldecorationattheobjectlevel.

AlthoughtheonlydocumentedwaytoenableParallelStatementQueuingandIn-memoryParallel
Executionareviatheall-or-nothingsettingofAUTO,thedevelopershavethoughtfullyprovidedhidden
parametersthatprovideindependentcontrolofthesefeatures.Table6-2showstheparametersandhow
thesettingsofPARALLEL_DEGREE_POLICYalterthehiddenparameters. 
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Table 6-2. Hidden Parameters Affected by PARALLEL_DEGREE_POLICY 

Parallel_Degree_Policy Parameter Value 

MANUAL _parallel_statement_queuing FALSE 

 _parallel_cluster_cache_policy ADAPTIVE 

LIMITED _parallel_statement_queuing FALSE 

 _parallel_cluster_cache_policy ADAPTIVE 

AUTO _parallel_statement_queuing TRUE 

 _parallel_cluster_cache_policy CACHED 


It’sprettyobviouswhatthe_PARALLEL_STATEMENT_QUEUINGparametercontrols.Whenitissetto

TRUE,queuingisenabled.Thepurposeofthe_PARALLEL_CLUSTER_CACHE_POLICYparameterisalittleless
obvious.ItturnsoutthatitcontrolsIn-memoryParallelExecution.Settingthevalueofthe
_PARALLEL_CLUSTER_CACHE_POLICYparametertoCACHEDenablesIn-memoryParallelExecution.You
shouldnotethatIn-memoryParallelExecutionisarguablyoflessvalueontheExadataplatform,
becausetheSmartScanoptimizationswillnotbeavailablewhenusingthisfeaturetoscanthebuffer
cache.We’lldiscussthatinmoredetailalittlelater.Inthemeantime,here’sanexampleshowingAuto
DOPinaction.

SYS@EXDB1> @dba_tables 
Enter value for owner: KSO 
Enter value for table_name: SKEW 
 
OWNER      TABLE_NAME STATUS   LAST_ANAL   NUM_ROWS     BLOCKS DEGREE 
---------- ---------- -------- --------- ---------- ---------- ---------- 
KSO        SKEW       VALID    25-NOV-10   32000004     162294          1 
 
SYS@EXDB1> alter system set parallel_degree_policy=auto; 
 
System altered. 
 
SYS@EXDB1> select avg(pk_col) from kso.skew a where col1 > 0; 
 
AVG(PK_COL) 
----------- 
 16093749.3 
 
1 row selected. 
 
SYS@EXDB1> @fs 
Enter value for sql_text: %skew% 
Enter value for sql_id:  
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SQL_ID            AVG_ETIME      AVG_LIO SQL_TEXT 
------------- ------------- ------------ ---------------------------------- 
05cq2hb1r37tr         28.77      162,427 select avg(pk_col) from kso.skew a  
                                         where col1 > 0 
 
1 rows selected. 
 
SYS@EXDB1> !cat dplan.sql 
set lines 150 
select * from table(dbms_xplan.display_cursor('&sql_id','&child_no','typical')) 
/ 
 
SYS@EXDB1> @dplan 
Enter value for sql_id: 05cq2hb1r37tr 
Enter value for child_no: 2 
 
PLAN_TABLE_OUTPUT 
 
------------------------------------------------------------------------------------------ 
SQL_ID  05cq2hb1r37tr, child number 2 
------------------------------------- 
select avg(pk_col) from kso.skew a where col1 > 0 
 
Plan hash value: 578366071) 
 
------------------------------------------------------------------------------------------ 
| Id  | Operation              | Name     | Rows | Bytes | Cost (%CPU)| Time     |   TQ  | 
------------------------------------------------------------------------------------------ 
|   0 | SELECT STATEMENT       |          |      |       |  6308 (100)|          |       |       
|   1 |  SORT AGGREGATE        |          |    1 |    24 |            |          |       |       
|   2 |   PX COORDINATOR       |          |      |       |            |          |       |       
|   3 |    PX SEND QC (RANDOM) | :TQ10000 |    1 |    24 |            |          | Q1,00 |  
|   4 |     SORT AGGREGATE     |          |    1 |    24 |            |          | Q1,00 |  
|   5 |      PX BLOCK ITERATOR |          |   32M|   732M|  6308   (1)| 00:01:16 | Q1,00 |  
|*  6 |       TABLE ACCESS FULL| SKEW     |   32M|   732M|  6308   (1)| 00:01:16 | Q1,00 |  
------------------------------------------------------------------------------------------ 
 
Predicate Information (identified by operation id): 
--------------------------------------------------- 
 
   6 - access(:Z>=:Z AND :Z<=:Z) 
       filter("COL1">0) 
 
Note 
----- 
   - automatic DOP: Computed Degree of Parallelism is 5 
 
 
28 rows selected. ) 
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Soasyoucansee,enablingAutoDOPallowedthestatementtobeparallelized,eventhoughthe
tablewasnotdecoratedwithaparallelsetting.Also,noticethattheplanoutputproducedbyDBMS_XPLAN
showsthatAutoDOPwasenabledandthecalculatedDOPwas5.

OraclehasprovidedsomecontrolovertheAutomaticDOPcalculationsaswellwiththe
PARALLEL_DEGREE_LIMITparameter.ThedefaultvalueforthisparameterisCPU,whichtellsOracleto
calculatean“IdealDOP”basedontheamountofdata,butthencapsitwithaformulabasedon
CPU_COUNT,THREADS_PER_CPU,andACTIVE_INSTANCE_COUNT.

I/OCalibration
OracleDatabaseversion11.2.0.2introducedarestrictiontoAutoDOPrequiringthattheI/Osystembe
calibratedbeforestatementswillbeautomaticallyparallelized.Thecalibrationisdonebythe
DBMS_RESOURCE_MANAGER.CALIBRATE_IOprocedure,whichgeneratesarandomread-onlyworkloadand
spreadsitacrossallinstancesinaRACcluster.Itrunsforseveralminutes(longeronRACdatabases
becauseitmustrunoneachinstance).Theprocedurecanputasignificantloadonthesystem,andthe
documentationrecommendsrunningitwhenthesystemisidleorverylightlyloaded.Here’san
exampleofwhathappensifthecalibrationprocedurehasnotbeenrunon11.2.0.2:

SYS@LAB11202> @dplan 
Enter value for sql_id: 05cq2hb1r37tr 
Enter value for child_no:  
 
PLAN_TABLE_OUTPUT 
--------------------------------------------------------------------------------------- 
SQL_ID  05cq2hb1r37tr, child number 0 
------------------------------------- 
select avg(pk_col) from kso.skew a where col1 > 0 
 
Plan hash value: 568322376 
 
--------------------------------------------------------------------------- 
| Id  | Operation          | Name | Rows  | Bytes | Cost (%CPU)| Time     | 
--------------------------------------------------------------------------- 
|   0 | SELECT STATEMENT   |      |       |       | 44298 (100)|          | 
|   1 |  SORT AGGREGATE    |      |     1 |    11 |            |          | 
|*  2 |   TABLE ACCESS FULL| SKEW |    32M|   335M| 44298   (1)| 00:01:29 | 
--------------------------------------------------------------------------- 
 
Predicate Information (identified by operation id): 
--------------------------------------------------- 
 
   2 - filter("COL1">0) 
 
Note 
----- 
   - automatic DOP: skipped because of IO calibrate statistics are missing 
 
 
23 rows selected. 

Asyoucansee,whentheI/Ocalibrationhasnotbeendone,AutoDOPisdisabledandtheoptimizer
generatesaserialexecutionplan.Therearetwoviewsthatprovideadditionalinformationaboutthe
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calibrationprocess.TheV$IO_CALIBRATION_STATUSviewshowswhetherthecalibrationhasbeendone,
whiletheDBA_RSRC_IO_CALIBRATEviewshowstheresultsoftheprocedure.Here’sanexampleshowing
howtousetheprocedure:

SYS@EXDB1> select * from V$IO_CALIBRATION_STATUS; 
 
STATUS        CALIBRATION_TIME 
------------- ------------------------------------------------------------- 
NOT AVAILABLE 
 
1 row selected. 
 
SYS@EXDB1> !cat calibrate_io.sql 
SET SERVEROUTPUT ON 
DECLARE 
  lat  INTEGER; 
  iops INTEGER; 
  mbps INTEGER; 
BEGIN 
-- DBMS_RESOURCE_MANAGER.CALIBRATE_IO (<DISKS>, <MAX_LATENCY>, iops, mbps, lat); 
   DBMS_RESOURCE_MANAGER.CALIBRATE_IO (&no_of_disks, 10, iops, mbps, lat); 
  
  DBMS_OUTPUT.PUT_LINE ('max_iops = ' || iops); 
  DBMS_OUTPUT.PUT_LINE ('latency  = ' || lat); 
  dbms_output.put_line('max_mbps = ' || mbps); 
end; 
/ 
 
SYS@EXDB1> set timing on 
SYS@EXDB1> @calibrate_io 
Enter value for no_of_disks: 36 
 
-- switch to other session on DB server 
 
> top 
top - 21:12:32 up 10 days,  9:27,  3 users,  load average: 0.49, 0.44, 0.47 
Tasks: 814 total,   1 running, 813 sleeping,   0 stopped,   0 zombie 
Cpu(s):  0.4%us,  0.1%sy,  0.0%ni, 99.4%id,  0.1%wa,  0.0%hi,  0.0%si,  0.0%st 
Mem:  74027752k total, 52225108k used, 21802644k free,   829336k buffers 
Swap: 16771852k total,        0k used, 16771852k free, 43078508k cached 
 
  PID USER      PR  NI  VIRT  RES  SHR S %CPU %MEM    TIME+  COMMAND  
14825 oracle    15   0 5225m  22m  19m S  1.7  0.0   0:00.15 ora_cs02_EXDB1 
14827 oracle    15   0 5225m  22m  19m S  1.1  0.0   0:00.14 ora_cs03_EXDB1 
14831 oracle    15   0 5225m  22m  19m S  1.1  0.0   0:00.14 ora_cs05_EXDB1 
11810 oracle    15   0 12.2g  54m  39m S  0.6  0.1  12:44.67 ora_dia0_POC1 
14821 oracle    15   0 5225m  22m  19m S  0.6  0.0   0:00.13 ora_cs00_EXDB1 
14823 oracle    15   0 5225m  22m  19m S  0.6  0.0   0:00.15 ora_cs01_EXDB1 
14829 oracle    15   0 5225m  22m  19m S  0.6  0.0   0:00.12 ora_cs04_EXDB1 
15239 osborne   16   0 13268 1648  816 R  0.6  0.0   0:00.03 top 
28118 oracle    RT   0  335m 133m  52m S  0.6  0.2  88:21.34  
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-- switch to one of the cells  
 
[enkcel01:root] /root > vmstat 2 
 
procs -----------memory---------- ---swap-- -----io---- --system-- -----cpu------ 
 r  b   swpd   free   buff  cache   si   so    bi    bo   in   cs us sy id wa st 
 0  1      0 9147200 311736 1353092    0    0   390   298    1    1  1  1 98  0  0 
 0  1      0 9147504 311736 1353092    0    0  2010   233 1732 21385  0  0 94  6  0 
 1  1      0 9147504 311736 1353092    0    0  1810   241 1675 21294  0  1 94  5  0 
 0  1      0 9148000 311736 1353136    0    0  1917   157 1715 21715  0  0 94  5  0 
 0  1      0 9147876 311736 1353140    0    0  2018   357 1770 20928  0  0 94  5  0 
 0  1      0 9145776 311736 1353140    0    0  1906   298 1713 20086  0  0 94  5  0 
 
-- switch back to original session) 
 
max_iops = 1004 
latency  = 10 
max_mbps = 2201 
 
PL/SQL procedure successfully completed. 
 
Elapsed: 00:13:41.27 
SYS@EXDB1> set timing off 
SYS@EXDB1> @mystats) 
Enter value for name: cell flash cache 
 
NAME                                                                   VALUE 
------------------------------------------------------------ --------------- 
cell flash cache read hits                                                 0 
 
SYS@EXDB1> select * from V$IO_CALIBRATION_STATUS; 
 
STATUS        CALIBRATION_TIME 
------------- -------------------------------------------------------------- 
READY         10-DEC-10 09.20.11.254 PM 
 
SYS@EXDB1> select to_char(start_time,'dd-mon-yy') start_time , 
  2               MAX_IOPS, MAX_MBPS, MAX_PMBPS, LATENCY, NUM_PHYSICAL_DISKS 
  3          from DBA_RSRC_IO_CALIBRATE; 
 
START_TIM   MAX_IOPS   MAX_MBPS  MAX_PMBPS    LATENCY NUM_PHYSICAL_DISKS 
--------- ---------- ---------- ---------- ---------- ------------------ 
11-dec-10       1004       2201        101         10                 36 

Thislistingisalittlelong,solet‘swalkthroughwhatwedid:

1. WecheckedthecurrentstatusinV$IO_CALIBRATION_STATUS.

2. WerantheDBMS_RESOURCE_MANAGER.CALIBRATE_IOprocedureusingascript
calledcalibrate_io.sql.
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3. Wethenjumpedtoanothersessiontoseewhatkindofactivitywasgenerated
onthedatabaseserver(usingtop).

4. Nextwecreatedasessionononeofthestorageserverstoseetheactivitythere
(usingvmstat).

5. Wethenswitchedbacktotheoriginalsessionandafteralmost14minutesthe
procedurecompleted.

6. FinallywecheckedthestatusandresultsinV$IO_CALIBRATION_STATUSand
DBA_RSRC_IO_CALIBRATE.

AutoDOPWrapUp
TheendresultofsettingPARALLEL_DEGREE_POLICYtoAUTOisthatallkindsofstatementswillberunin
parallel,evenifnoobjectshavebeenspecificallydecoratedwithaparalleldegreesetting.Thisistruly
automaticparallelprocessingbecausethedatabasedecideswhattoruninparallelandwithhowmany
slaves.Ontopofthat,bydefault,theslavesmaybespreadacrossmultiplenodesinaRACdatabase.
UnfortunatelythiscombinationoffeaturesisalittleliketheWildWest,withthingsrunninginparallelall
overtheplace.Buttheabilitytoqueueparallelstatementsdoesprovidesomesemblanceoforder,which
leadsustothenexttopic.

Parallel Statement Queuing 
IrecentlyattendedaTechDaywhereoneofthespeakersrecalledthepresentationLarryEllisondid
whenOraclefirstannouncedtheParallelQueryfeature(Oracleversion7).Inthedemo,Larryhada
multiprocessorcomputeralltohimself.Idon’trememberhowmanyprocessorsithad,butIremember
hehadsomekindofgraphicshowingindividualCPUutilizationononescreenwhilehefiredupa
parallelqueryonanotherscreen.ThemonitoringscreenlituplikeaChristmastree.Everyoneofthe
CPUswaspeggedduringhisdemo.Whenthespeakerwastellingthestoryhesaidthathehadwondered
atthetimewhatwouldhavehappenediftherehadbeenotherusersonthesystemduringthedemo.
Theirexperiencewouldprobablynothavebeenagoodone.That’sexactlytheissuethatParallel
StatementQueuingattemptstoresolve.

Oracle’sparallelcapabilitieshavebeenagreatgiftbuttheyhavealsobeenacursebecause
controllingthebeastinanenvironmentwheretherearemultipleuserstryingtosharetheresourcesis
difficultatbest.Therehavebeenattemptstocomeupwithareasonablewayofthrottlingbigparallel
statements.Buttodate,Idon’tthinkthoseattemptshavebeenoverlysuccessful.

OneofthemostpromisingaspectsofExadataisitspotentialtorunmixedworkloads(OLTPand
DW),withoutcripplingoneortheother.Inordertodothat,Oracleneedssomemechanismtoseparate
theworkloadsand,justasimportantly,tothrottletheresourceintensiveparallelqueries.Parallel
StatementQueuingappearstobejustsuchatool.AndwhencombinedwithResourceManager,it
providesaprettyrobustmechanismforthrottlingtheworkloadtoalevelthatthehardwarecansupport.
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TheOldWay
BeforewegettothenewParallelQueuingfunctionalityweshouldprobablyreviewhowitwasdonein
previousversions.ThebesttoolwehadatourdisposalwasParallelAdaptiveMultiuser,whichprovides
theabilitytoautomaticallydowngradethedegreeofparallelismforagivenstatementbasedonthe
workloadwhenaqueryexecutes.Itisactuallyapowerfulmechanismanditisthebestapproachwe’ve
hadpriorto11gR2.ThisfeatureisenabledbysettingthePARALLEL_ADAPTIVE_MULTI_USERparameterto
TRUE.Thisisstillthedefaultin11gR2bytheway,sothisisdefinitelyaparameterthatyoumaywantto
considerchanging.Thedownsideofthisapproachisthatparallelizedstatementscanhavewildly
varyingexecutiontimes.Asyoucanimagine,astatementthatgets32slavesonetimeandthengets
downgradedtoserialexecutionthenexttimewillprobablynotmaketheusersveryhappy.

Theargumentforthistypeofapproachisthatstuffisgoingtorunslowerifthesystemisbusy
regardlessofwhatyoudo,andthatusersexpectittorunslowerwhenthesystemisbusy.Thefirstpartof
thatstatementmaybetrue,butIdon’tbelievethesecondpartis(atleastinmostcases).Thebigger
problemwiththedowngrademechanismthoughisthatthedecisionabouthowmanyslavestouseis
basedonasinglepointintime,thepointwhentheparallelstatementstarts.Recallthatoncethedegree
ofparallelism(DOP)issetforanexecutionplan,itcannotbechanged.Thestatementwillrunto
completionwiththenumberofslavesitwasassigned,evenifadditionalresourcesbecomeavailable
whileitisrunning.

Soconsiderthestatementthattakesoneminutetoexecutewith32slaves.Andsupposethatsame
statementgetsdowngradedtoserialduetoamomentarilyhighload.Andsaythatafewsecondsafterit
starts,thesystemloaddropsbacktomorenormallevels.Unfortunately,theserializedstatementwill
continuetorunfornearly30minuteswithitssingleprocess,eventhoughonaverage,thesystemisnot
busierthanusual.Thissortoferraticperformancecanwreakhavocforthoseusingthesystem,andfor
thosesupportingit.

TheNewWay
Nowlet’scompareParallelAdaptiveMultiUser(theoldway),withthenewmechanismintroducedin
11gR2thatallowsparallelstatementstobequeued.Thismechanismseparateslongrunningparallel
queriesfromtherestoftheworkload.Themechanicsareprettysimple.Turnthefeatureon.Setatarget
numberofparallelslavesusingthePARALLEL_SERVERS_TARGETparameter.Runstuff.Ifastatementthat
requiresexceedingthetargettriestostart,itwillbequeueduntiltherequirednumberofslavesbecome
available.Thereareofcoursemanydetailstoconsiderandothercontrolmechanismsthatcanbe
appliedtomanagetheprocess.Solet’slookathowitbehaves:

SYS@EXDB1> alter system set parallel_degree_policy=auto; 
 
System altered. 
 
SYS@EXDB1> alter system set parallel_servers_target=10; 
 
System altered. 
 
SYS@EXDB1> @parms 
Enter value for parameter: parallel% 
Enter value for isset:  
Enter value for show_hidden:  
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NAME                              VALUE                          ISDEFAUL 
--------------------------------- ------------------------------ -------- 
parallel_adaptive_multi_user      FALSE                          TRUE 
parallel_automatic_tuning         FALSE                          TRUE 
parallel_degree_limit             8                              FALSE 
parallel_degree_policy            AUTO                           FALSE 
parallel_execution_message_size   16384                          TRUE 
parallel_force_local              TRUE                           FALSE 
parallel_instance_group                                          TRUE 
parallel_io_cap_enabled           FALSE                          TRUE 
parallel_max_servers              320                            TRUE 
parallel_min_percent              0                              TRUE 
parallel_min_servers              16                             FALSE 
parallel_min_time_threshold       2                              TRUE 
parallel_server                   TRUE                           TRUE 
parallel_server_instances         2                              TRUE 
parallel_servers_target           10                             FALSE 
parallel_threads_per_cpu          2                              TRUE 
 
16 rows selected. 
 
SYS@EXDB1> !ss.sh avgskew.sql 20 kso/kso 
  
starting 20 copies of avgskew.sql 
  
SYS@EXDB1> set echo on  
SYS@EXDB1> @queued_sql  
SYS@EXDB1> col sql_text for a60 trunc  
SYS@EXDB1> SELECT sid, sql_id, sql_exec_id, sql_text 
   2  from v$sql_monitor 
   3  WHERE status='QUEUED' 
   4  order by 3 
   5  /  
 
       SID SQL_ID        SQL_EXEC_ID SQL_TEXT 
---------- ------------- ----------- ----------------------------------------- 
       494 05cq2hb1r37tr    16777218 select avg(pk_col) from kso.skew a  
                                     where col1 > 0 
       541 05cq2hb1r37tr    16777220  
       152 05cq2hb1r37tr    16777221  
       102 05cq2hb1r37tr    16777222  
       106 05cq2hb1r37tr    16777223  
       201 05cq2hb1r37tr    16777224  
       397 05cq2hb1r37tr    16777225  
       250 05cq2hb1r37tr    16777226  
       693 05cq2hb1r37tr    16777227  
       154 05cq2hb1r37tr    16777228  
       444 05cq2hb1r37tr    16777229  
       743 05cq2hb1r37tr    16777230  
       300 05cq2hb1r37tr    16777231  
         5 05cq2hb1r37tr    16777232  
        53 05cq2hb1r37tr    16777233  
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       642 05cq2hb1r37tr    16777234  
       348 05cq2hb1r37tr    16777235  
       200 05cq2hb1r37tr    16777236  
       251 05cq2hb1r37tr    16777237  
 
19 rows selected. 
 
SYS@EXDB1> @check_px 
SYS@EXDB1> select * from V$PX_PROCESS_SYSSTAT where statistic like '%In Use%'; 
 
STATISTIC                           VALUE 
------------------------------ ---------- 
Servers In Use                          8 
 
SYS@EXDB1> / 
 
STATISTIC                           VALUE 
------------------------------ ---------- 
Servers In Use                          0 
 
SYS@EXDB1> / 
 
STATISTIC                           VALUE 
------------------------------ ---------- 
Servers In Use                          8 
 
SYS@EXDB1> / 
 
STATISTIC                           VALUE 
------------------------------ ---------- 
Servers In Use                          8 
 
SYS@EXDB1> set echo off 
SYS@EXDB1> @snapper ash=sid+event+wait_class,ash1=plsql_object_id+sql_id 5 1 all 
Sampling with interval 5 seconds, 1 times... 
 
-- Session Snapper v3.11 by Tanel Poder @ E2SN ( http://tech.e2sn.com ) 
 
 
-------------------------------------------------------------- 
Active% |    SID | EVENT                     | WAIT_CLASS 
-------------------------------------------------------------- 
   100% |    300 | resmgr:pq queued          | Scheduler 
   100% |    348 | resmgr:pq queued          | Scheduler 
   100% |    201 | resmgr:pq queued          | Scheduler 
   100% |    200 | resmgr:pq queued          | Scheduler 
   100% |    743 | resmgr:pq queued          | Scheduler 
   100% |    251 | resmgr:pq queued          | Scheduler 
   100% |    693 | resmgr:pq queued          | Scheduler 
   100% |    642 | resmgr:pq queued          | Scheduler 
   100% |      5 | resmgr:pq queued          | Scheduler 
   100% |    541 | resmgr:pq queued          | Scheduler 

http://tech.e2sn.com
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-------------------------------------- 
Active% | PLSQL_OBJE | SQL_ID 
-------------------------------------- 
  2152% |            | 05cq2hb1r37tr 
     7% |            | 
 
--  End of ASH snap 1, end=2010-12-06 19:25:43, seconds=5, samples_taken=42 
 
 
PL/SQL procedure successfully completed. 

Thereareseveralthingsworthmentioninginthislisting.Tosetupthedesiredconditionsweturned
onAutoDOP,whichalsoenablesParallelQueuing,andthensetthePARALLEL_SERVER_TARGETparameter
toaverylownumber(10)inordertotriggerqueuingmoreeasily.Wethenusedashellscript(ss.sh)to
fireoff20copiesoftheavgskew.sqlscriptinrapidsuccession.QueryingV$SQL_MONITORshowedthatthe
statementswereindeedqueuing.Thisisanimportantpoint.Allstatementsusingparallelquerywill
showupintheV$SQL_MONITORview.IftheyhaveastatusofQUEUEDtheyarenotactuallyexecutingbutare
insteadwaitinguntilenoughparallelslavesbecomeavailable.WealsoqueriedV$PX_PROCESS_SYSSTATa
fewtimestoseehowmanyparallelslaveswerebeingused.Finally,weranTanelPoder’ssnapperscript
toseewhateventthequeuedstatementswerewaitingon.Asyoucansee,itwastheresmgr: pq queued
waitevent.

■Note:Thereisoneotherthingyoushouldbeawareofwithregardtothewaitevents.Thereisawaitevent
changethatrelatestoparallelqueuing.ThisexamplewascreatedusingOracleDatabaseversion11.2.0.2.Ifyou
areusing11.2.0.1youwillseeadifferentsetofwaitevents(therearetwo).ThefirstisPX Queuing: statement 
queue.Thisistheeventthatastatementwaitsonwhenitisnexttorun.Theotherisenq: JX - SQL statement 
queue.Thiseventiswhatastatementwaitsonwhenthereareotherstatementsaheadofitinthequeue.This
schemeseemsquiteunwieldy,whichisprobablywhyitwaschangedinthelaterrelease.

ControllingParallelQueuing
ThereareseveralmechanismsinplaceforcontrollinghowtheParallelStatementQueuingfeature
behaves.Thebasicapproachistouseafirst-in,first-outqueuingmechanism.Buttherearewaysto
prioritizeworkwithinthequeuingframework.It’salsopossibletocompletelyby-passthequeuing
mechanismviaahint.Andconversely,itispossibletoenablequeuingforastatementviaahinteven
whentheparallelStatementQueuingfeatureisnotenabledatthedatabaselevel.Therearealsoafew
parametersthataffectthequeuingbehavior.Andfinally,ResourceManagerhasthecapabilitytoaffect
howstatementsarequeued.

Controlling Queuing with Parameters 

ThereareahandfulofparametersthataffecthowParallelQueuingbehaves.Themainparameteris
PARALLEL_SERVERS_TARGET,whichtellsOraclehowmanyparallelserverprocessestoallowbeforestarting
toholdstatementsbackinthequeue.Thedefaultvalueforthisparameteriscalculatedasfollows:
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((4×CPU_count)×parallel_threads_per_cpu)×active_instances

SoonanExadataX2-2withadatabasethatspans4RACnodes,thedefaultvaluewouldbe
calculatedas:

((4×12)×2)×4=384

Thiscalculatedvalueisalmostcertainlyhigherthanyouwouldwantformostmixedworkload
systems,asitisgearedatcompletelyconsumingtheavailableCPUresourceswithparallelquery
processes.Allowinglong-runningparallelstatementstoconsumetheservercompletelymeansthat
response-sensitive,OLTP-typestatements,couldsuffer.Youshouldalsonotethatitispossibletohave
moreserverprocessesactivethantheparameterallows.Sincethenumberofslavesassignedtoaquery
maybetwicetheDOP,thetargetcanoccasionallybeexceeded.

Thesecondparameterthatdeservessomediscussionisthehiddenparameter,
_PARALLEL_STATEMENT_QUEUING,whichturnsthefeatureonandoff.AsalreadydiscussedintheAutoDOP
section,thisparameterissettoTRUEwhenthePARALLEL_DEGREE_POLICYparameterissettoAUTO.
However,thehiddenparametercanalsobesetmanuallytoturnParallelQueuingoffandon
independently.

AutoDOPcalculationsarestillalittlescary.Soit’snicethatthereisawaytoturnontheParallel
QueuingfeaturewithoutenablingOracletotakecompletecontrolofwhichstatementsruninparallel.
Ofcoursesincethisinvolvessettingahiddenparameteryoushouldnotdothisinaproduction
environmentwithoutapprovalfromOraclesupport.Nevertheless,here’sanotherquickexample
showingthatqueuingcanbeturnedonwithoutenablingAutoDOPorIn-memoryParallelExecution:

SYS@EXDB1> alter system set parallel_degree_policy=manual; 
 
System altered. 
 
SYS@EXDB1> alter table kso.skew parallel (degree 8); 
 
Table altered. 
 
SYS@EXDB1> @parms 
Enter value for parameter: parallel% 
Enter value for isset:  
Enter value for show_hidden:  
 
NAME                               VALUE                          ISDEFAUL 
---------------------------------- ------------------------------ -------- 
parallel_adaptive_multi_user       FALSE                          TRUE 
parallel_automatic_tuning          FALSE                          TRUE 
parallel_degree_limit              8                              FALSE 
parallel_degree_policy             MANUAL                         FALSE 
parallel_execution_message_size    16384                          TRUE 
parallel_force_local               TRUE                           FALSE 
parallel_instance_group                                           TRUE 
parallel_io_cap_enabled            FALSE                          TRUE 
parallel_max_servers               320                            TRUE 
parallel_min_percent               0                              TRUE 
parallel_min_servers               16                             FALSE 
parallel_min_time_threshold        2                              TRUE 
parallel_server                    TRUE                           TRUE 
parallel_server_instances          2                              TRUE 
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parallel_servers_target            10                             FALSE 
parallel_threads_per_cpu           2                              TRUE 
 
16 rows selected. 
 
SYS@EXDB1>  !ss.sh avgskew.sql 20 kso/kso 
  
starting 20 copies of avgskew.sql 
 
SYS@EXDB1> @queued_sql 
 
no rows selected 
 
SYS@EXDB1> @queued_sql 
 
no rows selected 
 
SYS@EXDB1> @check_px 
 
SYS@EXDB1> / 
 
STATISTIC                         VALUE 
------------------------------ -------- 
Servers In Use                       48 
 
1 row selected. 
 
SYS@EXDB1> / 
 
STATISTIC                         VALUE 
------------------------------ -------- 
Servers In Use                       56 
 
1 row selected. 
 
SYS@EXDB1> / 
 
STATISTIC                         VALUE 
------------------------------ -------- 
Servers In Use                       64 
 
1 row selected. 
 
SYS@EXDB1> / 
 
STATISTIC                         VALUE 
------------------------------ -------- 
Servers In Use                       48 
 
1 row selected. 
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SYS@EXDB1> / 
 
STATISTIC                         VALUE 
------------------------------ -------- 
Servers In Use                       56 
 
1 row selected. 
 
SYS@EXDB1> queued_sql 
 
no rows selected 
 
SYS@EXDB1> -- no queuing, lot’s of parallel slaves running 
SYS@EXDB1> 
SYS@EXDB1> alter system set "_parallel_statement_queuing"=true; -- enable Queuing 
 
System altered. 
 
SYS@EXDB1> !ss.sh avgskew.sql 20 kso/kso 
  
starting 20 copies of avgskew.sql  
 
SYS@EXDB1> @queued_sql 
 
 SID SQL_ID        SQL_EXEC_ID SQL_TEXT 
---- ------------- ----------- ---------------------------------------------- 
 181 05cq2hb1r37tr    16777363 select avg(pk_col) from kso.skew a 
                               where col1 > 0 
 216                  16777364 
  44                  16777365 
 273                  16777366 
 234                  16777367 
 160                  16777368 
 100                  16777369 
 233                  16777370 
  30                  16777371 
 138                  16777372 
   7                  16777373 
 293                  16777374 
 137                  16777375 
  83                  16777376 
 251                  16777377 
  66                  16777378 
 123                  16777379 
 195                  16777380 
 
18 rows selected. 
 
SYS@EXDB1> -- now we have control of which statements are parallelized and we have queuing 
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ThislistingshowsthatyoucanhaveParallelStatementQueuingwithoutturningonAutoDOP.Of
courseit’susingahiddenparameter,soyouprobablydon’twanttodothisonaproductionsystem
withoutdiscussingitwithOracleSupportfirst.

Controlling Queuing with Hints 

TherearetwohintsthatcanbeusedtocontrolParallelStatementQueuingatthestatementlevel.One
hint,NO_STATEMENT_QUEUING,allowsthequeuingprocesstobecompletelybypassed,evenifthefeatureis
turnedonattheinstancelevel.Theotherhint,STATEMENT_QUEUING,turnsonthequeuingmechanism,
evenifthefeatureisnotenabledattheinstancelevel.TheSTATEMENT_QUEUINGhintprovidesa
documentedavenueforusingthequeuingfeaturewithoutenablingAutoDOP.Hereisanexample
showinghowtobypassthequeuingbyusingtheNO_STATEMENT_QUEUINGhint.

SYS@EXDB1> set echo on    
SYS@EXDB1> @test_pxq_hint 
SYS@EXDB1> -- this should cause queueing, but the hinted statements  
SYS@EXDB1> -- should jump the queue 
SYS@EXDB1> alter system set "_parallel_statement_queuing"=true; 
 
System altered. 
 
SYS@EXDB1> alter system set parallel_servers_target=32; 
 
System altered. 
 
SYS@EXDB1> !ss.sh test_pxq_hint1.sql 10 kso/kso 
  
starting 10 copies of test_pxq_hint1.sql 
  
  
SYS@EXDB1> @queued_sql 
 
  SID SQL_ID        SQL_EXEC_ID SQL_TEXT 
----- ------------- ----------- ------------------------------------------------------------ 
  484 bgcmmcyyyvpg9    16777239 select /*+ parallel (a 16) */ avg(pk_col) from kso.skew3 a  
                                where col1 > 0 
  774 bgcmmcyyyvpg9    16777240  
  584 bgcmmcyyyvpg9    16777241  
  199 bgcmmcyyyvpg9    16777242  
  679 bgcmmcyyyvpg9    16777243  
  391 bgcmmcyyyvpg9    16777244  
 1060 bgcmmcyyyvpg9    16777245  
 
7 rows selected. 
 
SYS@EXDB1> !ss.sh test_pxq_hint2.sql 2 kso/kso 
  
starting 2 copies of test_pxq_hint2.sql 
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SYS@EXDB1> @queued_sql 
 
  SID SQL_ID        SQL_EXEC_ID SQL_TEXT 
----- ------------- ----------- ------------------------------------------------------------ 
  774 bgcmmcyyyvpg9    16777240 select /*+ parallel (a 16) */ avg(pk_col) from kso.skew3 a 
                                where col1 > 0  
  584 bgcmmcyyyvpg9    16777241  
  199 bgcmmcyyyvpg9    16777242  
  679 bgcmmcyyyvpg9    16777243  
  391 bgcmmcyyyvpg9    16777244  
 1060 bgcmmcyyyvpg9    16777245  
 
6 rows selected.  
 
SYS@EXDB1> @as 
 
SID   SQL_ID         CHILD PLAN_HASH_VALUE EXECS   AVG_ETIME SQL_TEXT 
----- ------------- ------ --------------- ----- ----------- ------------------------------- 
    4 5v6grtvwkb836      0      1404581711     2      211.89 select /*+ NO_STATEMENT_QUEUING  
 1448 5v6grtvwkb836      0      1404581711     2      211.89 select /*+ NO_STATEMENT_QUEUING 
    8 5v6grtvwkb836      0      1404581711     2      211.89 select /*+ NO_STATEMENT_QUEUING 
    7 5v6grtvwkb836      0      1404581711     2      211.89 select /*+ NO_STATEMENT_QUEUING 
 1446 5v6grtvwkb836      0      1404581711     2      211.89 select /*+ NO_STATEMENT_QUEUING 
 1354 5v6grtvwkb836      0      1404581711     2      211.89 select /*+ NO_STATEMENT_QUEUING 
 1257 5v6grtvwkb836      0      1404581711     2      211.89 select /*+ NO_STATEMENT_QUEUING 
 1253 5v6grtvwkb836      0      1404581711     2      211.89 select /*+ NO_STATEMENT_QUEUING 
 1160 5v6grtvwkb836      0      1404581711     2      211.89 select /*+ NO_STATEMENT_QUEUING 
 1156 5v6grtvwkb836      0      1404581711     2      211.89 select /*+ NO_STATEMENT_QUEUING 
 1065 5v6grtvwkb836      0      1404581711     2      211.89 select /*+ NO_STATEMENT_QUEUING 
  969 5v6grtvwkb836      0      1404581711     2      211.89 select /*+ NO_STATEMENT_QUEUING 
  201 5v6grtvwkb836      0      1404581711     2      211.89 select /*+ NO_STATEMENT_QUEUING 
  297 5v6grtvwkb836      0      1404581711     2      211.89 select /*+ NO_STATEMENT_QUEUING 
  393 5v6grtvwkb836      0      1404581711     2      211.89 select /*+ NO_STATEMENT_QUEUING 
  394 5v6grtvwkb836      0      1404581711     2      211.89 select /*+ NO_STATEMENT_QUEUING 
  486 5v6grtvwkb836      0      1404581711     2      211.89 select /*+ NO_STATEMENT_QUEUING 
  488 5v6grtvwkb836      0      1404581711     2      211.89 select /*+ NO_STATEMENT_QUEUING 
  585 5v6grtvwkb836      0      1404581711     2      211.89 select /*+ NO_STATEMENT_QUEUING 
  586 5v6grtvwkb836      0      1404581711     2      211.89 select /*+ NO_STATEMENT_QUEUING 
  778 5v6grtvwkb836      0      1404581711     2      211.89 select /*+ NO_STATEMENT_QUEUING 
  868 5v6grtvwkb836      0      1404581711     2      211.89 select /*+ NO_STATEMENT_QUEUING 
  869 5v6grtvwkb836      0      1404581711     2      211.89 select /*+ NO_STATEMENT_QUEUING 
  872 5v6grtvwkb836      0      1404581711     2      211.89 select /*+ NO_STATEMENT_QUEUING 
  965 5v6grtvwkb836      0      1404581711     2      211.89 select /*+ NO_STATEMENT_QUEUING 
  967 5v6grtvwkb836      0      1404581711     2      211.89 select /*+ NO_STATEMENT_QUEUING 
 1255 bgcmmcyyyvpg9      0      1404581711     4      204.91 select /*+ parallel (a 16) */ 
  774 bgcmmcyyyvpg9      0      1404581711     4      204.91 select /*+ parallel (a 16) */ 
  484 bgcmmcyyyvpg9      0      1404581711     4      204.91 select /*+ parallel (a 16) */ 
  679 bgcmmcyyyvpg9      0      1404581711     4      204.91 select /*+ parallel (a 16) */ 
  199 bgcmmcyyyvpg9      0      1404581711     4      204.91 select /*+ parallel (a 16) */ 
  391 bgcmmcyyyvpg9      0      1404581711     4      204.91 select /*+ parallel (a 16) */ 
 1060 bgcmmcyyyvpg9      0      1404581711     4      204.91 select /*+ parallel (a 16) */ 
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  584 bgcmmcyyyvpg9      0      1404581711     4      204.91 select /*+ parallel (a 16) */ 
 1157 bgcmmcyyyvpg9      0      1404581711     4      204.91 select /*+ parallel (a 16) */ 
 
35 rows selected. 

ThislistingshowsthatstatementsusingtheNO_STATEMENT_QUEUINGhintcompletelybypassthe
queuingmechanism.Thestepsweexecutedweretoenablequeuing,fireoff10copiesofaselect
statementthatwashintedtouseaDOPof16.Thesestatementswerequeuedasshownbythe
queued_sql.sqlscript.Wethenfiredoff2copiesofastatementusingtheNO_STATEMENT_QUEUINGhint.
Thequeued_sql.sqlscriptshowedthatthenewstatementswerenotatthebottomofthequeue.Infact,
theywerenotqueuedatall.Theywererunimmediately.Theas.sqlscriptshowsactivesessions,andas
youcansee,asideeffectofbypassingthequeuingisthatthenumberofactiveslavescanendupbeing
considerablyhigherthanthesettingofthePARALLEL_SERVERS_TARGETparameter.

Controlling Queuing with Resource Manager 

Oracle’sDatabaseResourceManager(DBRM)providesadditionalcapabilitytocontrolParallel
StatementQueuing.WhileathoroughdiscussionofDBRMisbeyondthescopeofthischapter,wewill
coversomespecificfeaturesrelatedtoParallelQuery.Chapter7coversDBRMinmoredetail.

WithoutDBRM,theparallelstatementqueuebehavesstrictlyasafirst-in,first-out(FIFO)queue.
DBRMprovidesseveraldirectiveattributesthatcanbeusedtoprovideadditionalcontrolonaconsumer
groupbasis.Manyofthesecontrolswereintroducedinversion11.2.0.2.Table6-3containsalistof
additionalcapabilitiesprovidedbyDBRM.

Table 6-3. DBRM Parallel Statement Queuing Controls 

Control Description 

SpecifyaTimeout



ThePARALLEL_QUEUE_TIMEOUTdirectiveattributecanbeusedtoseta
maximumqueuetimeforaconsumergroup.Thetimelimitissetin
secondsandonceithasexpired,thestatementwillterminatewith
anerror(ORA-07454).Notethatthisdirectivedidnotbecome
availableuntilversion11.2.0.2ofthedatabase.

SpecifyMaximumDOP ThePARALLEL_DEGREE_LIMIT_P1directiveattributesetsamaximum
numberofparallelslavesthatmaybeassignedtoanindividual
statement.ThisisequivalenttothePARALLEL_DEGREE_LIMITdatabase
parameterbutisusedtosetlimitsfordifferentsetsofusersbasedon
consumergroups.

ManageOrderofDequeuing TheMGMT_P1,MGMT_P2,…MGMT_P8directiveattributescanbeusedto
alterthenormalFIFOprocessing.Thisattributeallowsprioritization
ofdequeuing.Eachoftheeightattributesessentiallyprovidesa
distinctdequeuingprioritylevel.AllstatementswithanMGMT_P1
attributewillbedequeuedpriortoanystatementwithMGMT_P2.In
additiontothedequeuingpriority,aprobabilitynumbercanbe
assignedtoregulatedequeuingofstatementswithinthesamelevel.
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Control Description 

LimitPercentageofParallelSlaves ThePARALLEL_TARGET_PERCENTAGEdirectiveattributecanbeusedto
limitaconsumergrouptoapercentageoftheparallelslaves
availabletothesystem.Soifasystemallowed64slavestobeactive
beforestartingtoqueue,andPARALLEL_TARGET_PERCENTAGEwassetto
50,theconsumergroupwouldonlybeabletoconsume32slaves.
Notethatthisdirectivedidnotbecomeavailableuntilversion
11.2.0.2ofthedatabase.

QueueMultipleSQLsasaSet TheBEGIN_SQL_BLOCKandEND_SQL_BLOCKproceduresin
DBMS_RESOURCE_MANAGERworkwithParallelStatement
Queuingbytreatingindividualstatementsasiftheyhadbeen
submittedatthesametime.Themechanismrequiressurrounding
independentSQLstatementswithcallstotheBEGINandEND
procedures.Notethatthisproceduredidnotbecomeavailableuntil
version11.2.0.2ofthedatabase.


TheDBRMdirectivescanbequiteinvolved.HereisanexamplefromtheOracle® Database VLDB

and Partitioning Guide 11g Release 2 (11.2)thatshowsfourdirectivesmakinguseoftheParallel
StatementQueuingfeatures.

DBMS_RESOURCE_MANAGER.CREATE_PLAN_DIRECTIVE( 
     'REPORTS_PLAN', 'SYS_GROUP', 'Directive for sys activity', 
      mgmt_p1 => 100); 
 
DBMS_RESOURCE_MANAGER.CREATE_PLAN_DIRECTIVE( 
     'REPORTS_PLAN', 'OTHER_GROUPS', 'Directive for short-running queries', 
      mgmt_p2 => 70, 
      parallel_degree_limit_p1 => 4, 
      switch_time => 60, 
      switch_estimate => TRUE, 
      switch_for_call => TRUE, 
      switch_group => 'MEDIUM_SQL_GROUP'); 
    
   DBMS_RESOURCE_MANAGER.CREATE_PLAN_DIRECTIVE( 
     'REPORTS_PLAN', 'MEDIUM_SQL_GROUP', 'Directive for medium-running queries', 
      mgmt_p2 => 20, 
      parallel_target_percentage => 80, 
      switch_time => 900, 
      switch_estimate => TRUE, 
      switch_for_call => TRUE, 
      switch_group => 'LONG_SQL_GROUP'); 
 
   DBMS_RESOURCE_MANAGER.CREATE_PLAN_DIRECTIVE(      
     'REPORTS_PLAN', 'LONG_SQL_GROUP', 'Directive for long-running queries',      
      mgmt_p2 => 10,      
      parallel_target_percentage => 50,      
      parallel_queue_timeout => 14400);  

Thisexamplebearssomeexplanation.
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7. Thefirstdirectiveisforsys activity.Sosessionsintheconsumergroup
SYS_GROUP,willhave100percentofthehighestdequeuingpriority(MGMT_P1).

8. Theseconddirectiveisforshort-running queries.Thisappliestoallsessions
intheOTHER_GROUPSconsumergroup(thedefaultconsumergroup).This
directivespecifiesthatOracleshouldevaluateeachSQLstatementandifthe
estimatedexecutiontimeislongerthan60seconds(SWITCH_TIME),thesessions
shouldbeswitchedtotheMEDIUM_SQL_GROUPconsumergroup.Bytheway,the
sessionswitchesbacktoOTHER_GROUPSwhenthestatementiscomplete
becauseSWITCH_FOR_CALL=>TRUE.Thedequeuingpriority(MGMT_P2)issetto70
percentmeaningthatstatementsshouldbedequeuedafteranyMGMT_P1
statementswithaprobabilityof70percentwhencomparedwithotherMGMT_P2
statements.Finally,themaximumDOPissetto4bythe
PARALLEL_DEGREE_LIMIT_P1attribute.

9. Thethirddirectiveisformedium-running queries.Itappliestosessionsinthe
MEDIUM_SQL_GROUPconsumergroup.Thisdirectivealsoincludesaswitch
causingsessionstobemovedtotheLONG_SQL_GROUPifOracleestimatesaSQL
statementwilltakelongerthan15minutes.Additionally,thisdirectivesetsthe
dequeuingprioritytobe20percentofthesecondprioritygroup(MGMT_P2).
Thisdirectivealsoputsalimitonthepercentageofparallelslavesthatmaybe
used(PARALLEL_TARGET_PERCENTAGE).Inthiscase,80percentofthetotalslaves
allowedonthesystemisthemaximumthatmaybeusedbysessionsinthis
consumergroup.

10. Thelastdirectiveisforlong-running queries.Itappliestosessionsinthe
LONG_SQL_GROUPconsumergroup.Sessionsinthisgrouphaveaverylow
dequeuingpriorityascomparedtotheothers(MGMT_P2=10).Italsolimitsthe
percentageofparallelslavesto50percent.Finally,sincestatementsinthis
groupmaybequeuedforalongtime,thePARALLEL_QUEUE_TIMEOUTattribute
hasbeensetto14,400seconds.Soifastatementisqueuedfor4hours,itwill
failwithatimeouterror.

ParallelStatementQueuingWrapUp
Thissectionhasbeenconsiderablymoredetailedthanthecoverageoftheothertwonewparallel
featuresin11gR2.That’sbecausethisfeatureisacriticalcomponentinallowingExadatatohandle
mixedworkloadseffectively.Itenablesustoeffectivelyhandleamixtureofstatementsthataresensitive
toboththroughputandresponsetime.Withoutthisfeatureitwouldbeverydifficulttoprovide
adequateresourceswithoutseverelycompromisingoneortheother.

In-Memory Parallel Execution 
Thethirdnewfeatureof11gR2relatedtoparalleloperationsisprobablytheleastwellknown.Priorto
11gR2,queriesthatwereparallelizedtotallyignoredthebuffercache.Oracleassumedthatparallel
querieswouldonlybedoneonverylargetablesthatwouldprobablyneverhavealargepercentageof
theirblocksinthebuffercache.Thisassumptionledtotheconclusionthatitwouldbefastertojustread
thedatafromdisk.Inaddition,floodingthebuffercachewithalargenumberofblocksfromafulltable
scanwasnotdesirableandsoOracledevelopedamechanismcalleddirectpathreads,whichbypassed
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thenormalcachingmechanisminfavorofreadingblocksdirectlyintotheuser’sProgramGlobalArea
(PGA).

TheIn-MemoryParallelExecutionfeaturetakesadifferentapproach.Itattemptstomakeuseofthe
buffercacheforparallelqueries.Thefeatureiscluster-awareandisdesignedtospreadthedataacross
theclusternodes(thatis,theRACdatabaseservers).Thedatablocksarealsoaffinitizedtoasinglenode,
reducingtheamountofcommunicationanddatatransfersbetweenthenodes.Thegoal,ofcourse,isto
speeduptheparallelquerybyeliminatingdiskI/O.Thiscanbeaviabletechniquebecausemany
systemsnowhaveverylargeamountsofmemory,whichofcoursecanprovideasignificantspeed
advantageoverdiskoperations.Therearesomedownsidestothisapproachthough.Thebiggest
disadvantagewithregardtoExadataisthatalltheSmartScanoptimizationsaredisabledbythisfeature.

■KevinSays:ItistruethatIn-MemoryParallelQueryI/OisbufferedintheSGAandremainscached—thusSmart
Scanisnotinvolved.ThiswouldonlybeadisadvantageifaqueryexecutesfasterwithSmartScanthanwithIn-
MemoryParallelQuery.ComparingtheprocessingdynamicofaqueryservicedbySmartScanasopposedtoIn-
MemoryParallelQueryisaverycomplextopic—especiallywhencompresseddataisinvolved.Inthesameway
SmartScanisabletofiltervastamountsofdeeply-compresseddata(specificallyHCC),soisIn-MemoryParallel
Query.Thatis,HCCdataisfilteredinitscompressedformregardlessofwhoisdoingthefiltration.Inthecaseof
SmartScan,however,thedatathatsiftsthroughfiltrationmustbedecompressionandsenttothedatabasegrid
viaiDBfordata-intensiveprocessing(suchasjoin,sort,oraggregate).WithIn-MemoryParallelQuerythereisno
dataflowoveriDB.Furthermore,atablethatisaccessedfrequentlybySmartScanrequiresthesamerepetitious
physicalI/O+filtration+decompression(withtheexceptionofresults-cachedqueries)eachtimeitisaccessed.
WithIn-MemoryParallelQuerytheI/OandiDBeffortiseliminatedand,asweknow,memoryisfasterthanboth
harddiskandflash.Whatcustomersmustanalyzeiswhethertherearesufficientprocessorcyclesavailableinthe
databasegridtoperformtherepetitiousfiltrationanddecompressionofpopulartables.Remember,inthecaseof
SmartScanthateffortisoffloadedtothecells.Tocapthistrainofthought,I’llsimplysaythereisnoabsolute
answerinthecomparisonbetweenIn-MemoryParallelQueryandSmartScan.Thevariablesneedtobepluggedin
bythecustomerusingtheknowledgegainedfromreadingthisbook,Oracledocumentationand,perhaps,blogs
(smileyface).

Notethatwehaven’tactuallyseenIn-memoryParallelQueryinthewildonExadata,whichis
probablygood,sincemanyoftheoptimizationsbuiltintoExadatarelyonOffloading,whichdependson
directreads.Ofcoursedirectreadswillnotbedoneifblocksarebeingaccessedinmemoryonthe
databaseservers.Onmostplatforms,memoryaccesswouldbemuchfasterthandirectreadsfromdisk.
ButwithExadata,eliminatingthediskI/OalsoeliminatesalargenumberofCPUsthatcouldbeapplied
tofilteringandotheroperations.Thismeansthataccessingthebuffercacheforparallelexecutioncould
actuallybelessefficientthanallowingthestorageserverstoparticipateintheexecutionoftheSQL
statement.

Alittledemonstrationisprobablyinorderatthispoint.It’sworthnotingthatgettingthisfeatureto
kickinatalltakesquiteabitofeffort.Herearethebasicstepswehadtotakeinordertogetittowork.
Firstwehadtofindaquerythattheoptimizerestimatedwouldrunforlongerthanthenumberof
secondsspecifiedbythePARALLEL_MIN_TIME_THRESHOLDparameter(assumingthestatementwasn’t
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parallelized).ThedefaultforthisparameterisAUTO,meaning10seconds.Wesetthisparameterto3
secondstomakeiteasiertotriggertheIn-memoryParallelbehavior.Thisqueryalsohadtobeonatable
thatwouldalmostcompletelyfitintheaggregatebuffercacheprovidedbythecombinationofallthe
participatingRACinstances.Tosimplifythings,welimitedtheprocessingtoasingleinstancebysetting
thePARALLEL_FORCE_LOCALparametertoTRUE.OfcoursewehadtosetPARALLEL_DEGREE_POLICYtoAUTOto
enablethefeature.WealsosetverylowvaluesforPARALLEL_SERVERS_TARGETandPARALLEL_DEGREE_LIMIT.
Herearetheparametersettingsandpertinentinformationaboutthequeryweusedtotestthefeature:

SYS@EXDB1> @parms 
Enter value for parameter: parallel 
Enter value for isset:  
Enter value for show_hidden:  
 
NAME                                     VALUE                ISDEFAUL 
---------------------------------------- -------------------- -------- 
fast_start_parallel_rollback             LOW                  TRUE 
parallel_adaptive_multi_user             FALSE                TRUE 
parallel_automatic_tuning                FALSE                TRUE 
parallel_degree_limit                    8                    FALSE 
parallel_degree_policy                   AUTO                 FALSE 
parallel_execution_message_size          16384                TRUE 
parallel_force_local                     TRUE                 FALSE 
parallel_instance_group                                       TRUE 
parallel_io_cap_enabled                  FALSE                TRUE 
parallel_max_servers                     320                  TRUE 
parallel_min_percent                     0                    TRUE 
parallel_min_servers                     16                   FALSE 
parallel_min_time_threshold              3                    FALSE 
parallel_server                          TRUE                 TRUE 
parallel_server_instances                2                    TRUE 
parallel_servers_target                  8                    FALSE 
parallel_threads_per_cpu                 2                    TRUE 
recovery_parallelism                     0                    TRUE 
 
18 rows selected.  
 
SYS@EXDB1> @pool_mem 
 
AREA                                 MEGS 
------------------------------ ---------- 
free memory                         562.5 
fixed_sga                             2.1 
log_buffer                            7.5 
shared pool                         557.4 
large pool                           48.1 
buffer_cache                      3,808.0 
                               ---------- 
sum                               4,985.6 
 
6 rows selected. 
 
SYS@EXDB1> @table_size 
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Enter value for owner: KSO 
Enter value for table_name: SKEW 
Enter value for type:  
 
OWNER                SEGMENT_NAME         TYPE               TOTALSIZE_MEGS 
-------------------- -------------------- ------------------ --------------  
KSO                  SKEW                 TABLE                     2,560.0 
                                                             -------------- 
sum                                                                 2,560.0 
 
1 row selected. 
 
SYS@EXDB1> @dba_tables 
Enter value for owner: KSO 
Enter value for table_name: SKEW 
 
OWNER   TABLE_NAME    STATUS   LAST_ANAL   NUM_ROWS     BLOCKS DEGREE 
------- ------------- -------- --------- ---------- ---------- ------ 
KSO     SKEW          VALID    18-SEP-10   32000004     162294      1 
 
1 row selected.  

Sothebuffercacheonthisinstanceisabout3.8G,thetableisabout2.5G.Thequeryweusedis
simpleandwillnotbenefitfromstorageindexes,asvirtuallyalltherecordssatisfythesingleWHERE
clause.

SYS@EXDB1> !cat avgskew.sql 
select avg(pk_col) from kso.skew a where col1 > 0 
/ 
 
SYS@EXDB1> select count(*) from kso.skew; 
 
  COUNT(*) 
---------- 
  32000004 
 
1 row selected. 
 
SYS@EXDB1> select count(*) from kso.skew where col1 > 0; 
 
  COUNT(*) 
---------- 
  32000000 
 
1 row selected. 
 
SYS@EXDB1> select 32000000/32000004 from dual; 
 
32000000/32000004 
----------------- 
       .999999875 
 
1 row selected. 
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Nowwe’llshowsomestatisticsbeforeandafterexecutingthestatement.You’llbeabletoseethat
whilethephysicalreadsstatisticdoesnotincrease,thelogicalreadsstatisticshowsalargeincrease.Note
thatwe’vedoneaquickcalculationofthetotalnumberoflogicalreadsbyselectingfromdual,andthat
thenumberoflogicalreads(162,715)isveryclosetothenumberofblocksthatthetableoccupiesas
reportedbyDBA_TABLES.

SYS@EXDB1> @flush_pool 
 
System altered. 
 
SYS@EXDB1> @mystats 
Enter value for name: reads 
 
NAME                                                                  VALUE 
---------------------------------------------------------------- ---------- 
cold recycle reads                                                        0 
data blocks consistent reads - undo records applied                       0 
lob reads                                                                 0 
physical reads                                                      4706178 
physical reads cache                                                     30 
physical reads cache prefetch                                             0 
physical reads direct                                               4706148 
physical reads direct (lob)                                               0 
physical reads direct temporary tablespace                                0 
physical reads for flashback new                                          0 
physical reads prefetch warmup                                            0 
physical reads retry corrupt                                              0 
recovery array reads                                                      0 
session logical reads                                               7152779 
transaction tables consistent reads - undo records applied                0 
 
15 rows selected. 
 
SYS@EXDB1> set timing on 
SYS@EXDB1> @avgskew 
 
AVG(PK_COL) 
----------- 
 16093750.8 
 
1 row selected. 
 
Elapsed: 00:00:00.72 
SYS@EXDB1> set timing off 
SYS@EXDB1> @mystats 
Enter value for name: reads 
 
NAME                                                                  VALUE 
-------------------------------------------------------------- ------------ 
cold recycle reads                                                        0 
data blocks consistent reads - undo records applied                       0 
lob reads                                                                 0 
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physical reads                                                      4706178 
physical reads cache                                                     30 
physical reads cache prefetch                                             0 
physical reads direct                                               4706148 
physical reads direct (lob)                                               0 
physical reads direct temporary tablespace                                0 
physical reads for flashback new                                          0 
physical reads prefetch warmup                                            0 
physical reads retry corrupt                                              0 
recovery array reads                                                      0 
session logical reads                                               7315494 
transaction tables consistent reads - undo records applied                0 
 
15 rows selected. 
 
SYS@EXDB1> select 7315494-7152779 from dual; 
 
7315494-7152779 
--------------- 
         162715 
 
1 row selected. 
 
SYS@EXDB1> @dplan 
Enter value for sql_id: 05cq2hb1r37tr 
Enter value for child_no:  
 
PLAN_TABLE_OUTPUT 
------------------------------------------------------------------------------------------ 
SQL_ID  05cq2hb1r37tr, child number 1 
------------------------------------- 
select avg(pk_col) from kso.skew a where col1 > 0 
 
Plan hash value: 578366071 
 
------------------------------------------------------------------------------------------ 
| Id  | Operation                      | Name     | Rows | Bytes | Cost (%CPU)| Time     |     
------------------------------------------------------------------------------------------ 
|   0 | SELECT STATEMENT               |          |      |       |  6139 (100)|          |         
|   1 |  SORT AGGREGATE                |          |    1 |    11 |            |          |         
|   2 |   PX COORDINATOR               |          |      |       |            |          |         
|   3 |    PX SEND QC (RANDOM)         | :TQ10000 |    1 |    11 |            |          |   
|   4 |     SORT AGGREGATE             |          |    1 |    11 |            |          |   
|   5 |      PX BLOCK ITERATOR         |          |   32M|   335M|  6139   (1)| 00:01:14 |   
|*  6 |       TABLE ACCESS STORAGE FULL| SKEW     |   32M|   335M|  6139   (1)| 00:01:14 |   
------------------------------------------------------------------------------------------ 
 
Predicate Information (identified by operation id): 
--------------------------------------------------- 
 
   6 - storage(:Z>=:Z AND :Z<=:Z AND "COL1">0) 
       filter("COL1">0) 
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Note 
----- 
automatic DOP: Computed Degree of Parallelism is 8 
 
SYS@EXDB1> @fsx2 
Enter value for sql_text: %skew% 
Enter value for sql_id:  
 
SQL_ID         AVG_ETIME  PX OFFLOAD IO_SAVED% SQL_TEXT 
------------- ---------- --- ------- --------- ------------------------------ 
05cq2hb1r37tr        .47   8 No            .00 select avg(pk_col) from 
                                               kso.skew a where col1 > 0 
 
1 rows selected. 

Soasyoucansee,thestatementwasexecutedinparallelwitheightslaves(thePXcolumninthe
fsx.sqlscriptoutput).Notealsothatthefsx.sqlscriptreportsanestimatedvaluefortheAVG_ETIME
columnwhenparallelslavesareused.Thisoccursbecausev$sqlreportselapsedtimeasthesumofthe
alltheelapsedtimesoftheslaveprocesses.Dividingthisnumberbythenumberofslavesgivesan
estimate,butthatwillnotbetotallyaccurateasslavescanvarygreatlyintheirelapsedtimes.Ifyoulook
backinthelistingyou’llseethattheactualelapsedtimeofavgskew.sqlwas0.72secondsinsteadofthe
estimatedaverageprovidedbythefsx.sqlscript(0.47seconds).Nevertheless,itisausefulmetricwhen
comparingbetweentwostatements.

Let’snowcompareourIn-memoryParallelExecutiontohowoursystembehaveswhenIn-memory
ParallelExecutionisnotinplay.Wecandisablethisfeatureinacoupleofways.Thedocumentedwayis
tosetthePARALLEL_DEGREE_POLICYparametertoMANUAL.However,thisalsodisablesAutoDOPand
ParallelStatementQueuing.Theotherwayistosetthehiddenparameter
_PARALLEL_CLUSTER_CACHE_POLICYtoADAPTIVE.

SYS@EXDB1> alter system set "_parallel_cluster_cache_policy"=adaptive; 
 
System altered. 
 
SYS@EXDB1> @mystats 
Enter value for name: reads 
 
NAME                                                                   VALUE 
------------------------------------------------------------ --------------- 
cold recycle reads                                                         0 
data blocks consistent reads - undo records applied                        0 
lob reads                                                                  0 
physical reads                                                       5193061 
physical reads cache                                                      31 
physical reads cache prefetch                                              0 
physical reads direct                                                5193030 
physical reads direct (lob)                                                0 
physical reads direct temporary tablespace                                 0 
physical reads for flashback new                                           0 
physical reads prefetch warmup                                             0 
physical reads retry corrupt                                               0 
recovery array reads                                                       0 
session logical reads                                                8133835 
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transaction tables consistent reads - undo records applied                 0 
 
15 rows selected. 
 
SYS@EXDB1> set timing on 
SYS@EXDB1> @avgskew 
 
AVG(PK_COL) 
----------- 
 16093750.8 
 
1 row selected. 
 
Elapsed: 00:00:00.79 
SYS@EXDB1> set timing off 
SYS@EXDB1> @mystats 
Enter value for name: reads 
 
NAME                                                                   VALUE 
------------------------------------------------------------ --------------- 
cold recycle reads                                                         0 
data blocks consistent reads - undo records applied                        0 
lob reads                                                                  0 
physical reads                                                       5355355 
physical reads cache                                                      31 
physical reads cache prefetch                                              0 
physical reads direct                                                5355324 
physical reads direct (lob)                                                0 
physical reads direct temporary tablespace                                 0 
physical reads for flashback new                                           0 
physical reads prefetch warmup                                             0 
physical reads retry corrupt                                               0 
recovery array reads                                                       0 
session logical reads                                                8296342 
transaction tables consistent reads - undo records applied                 0 
 
15 rows selected. 
 
SYS@EXDB1> select 5355355-5193061 from dual; 
 
5355355-5193061 
--------------- 
         162294 
 
1 row selected. 
 
SYS@EXDB1> @fsx2 
Enter value for sql_text: %skew% 
Enter value for sql_id:  
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SQL_ID         AVG_ETIME  PX OFFLOAD IO_SAVED% SQL_TEXT 
------------- ---------- --- ------- --------- ------------------------------ 
05cq2hb1r37tr        .47   8 No            .00 select avg(pk_col) from  
                                               kso.skew a where col1 > 0 
05cq2hb1r37tr        .58   8 Yes         59.82 select avg(pk_col) from 
                                               kso.skew a where col1 > 0 
 
2 rows selected. 

NoticethatwithIn-memoryParallelExecutiondisabled,thestatisticsshowthatthenumberof
physicalreadsincreasedbyroughlythenumberofblocksinthetable,asexpected.Noticealsothatthe
fsx.sqlscriptshowsthatthereisnowanewcursorinthesharedpoolthatwasexecutedwitheight
parallelslaves,butthatwasoffloadedtothestoragetier.Thisisanimportantpoint.In-memoryParallel
ExecutiondisablestheoptimizationsthatExadataprovidesviaSmartScans.Thatshouldbeobvious
sincethediskI/OwaseliminatedbytheIn-memoryParallelExecutionfeature,butitisthemainreason
thatwebelievethisfeaturewillnotbeasusefulontheExadataplatformasonotherplatforms.

Asafinaldemonstration,we’llshowaveryselectivequerythatbenefitsmorefromOffloadingthan
itdoesfromIn-memoryParallelExecution.

SYS@EXDB1> @parms 
Enter value for parameter: para%cache 
Enter value for isset:  
Enter value for show_hidden: Y 
 
NAME                                     VALUE                ISDEFAUL 
---------------------------------------- -------------------- -------- 
_parallel_cluster_cache_pct              80                   TRUE 
_parallel_cluster_cache_policy           ADAPTIVE             TRUE 
 
2 rows selected. 
 
SYS@EXDB1> -- In-memory Paraellel Execution is off 
SYS@EXDB1>  
SYS@EXDB1> @flush_pool 
 
System altered. 
 
SYS@EXDB1> set timing on 
SYS@EXDB1> select count(*) from kso.skew where col1 is null; 
 
  COUNT(*) 
---------- 
         4 
 
1 row selected. 
 
Elapsed: 00:00:00.26 
SYS@EXDB1> alter system set "_parallel_cluster_cache_policy"=cached; 
 
System altered. 
 
Elapsed: 00:00:00.01 
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SYS@EXDB1> select count(*) from kso.skew where col1 is null; 
 
  COUNT(*) 
---------- 
         4 
 
1 row selected. 
 
Elapsed: 00:00:00.84 
SYS@EXDB1> set timing off 
SYS@EXDB1> @fsx2 
Enter value for sql_text: %skew% 
Enter value for sql_id:  
 
SQL_ID         AVG_ETIME  PX OFFLOAD IO_SAVED% SQL_TEXT 
------------- ---------- --- ------- --------- ------------------------------ 
4rz0gjuwr9jyq        .14   8 Yes        100.00 select count(*) from kso.skew 
                                               where col1 is null 
4rz0gjuwr9jyq        .72   8 No            .00 select count(*) from kso.skew  
                                               where col1 is null 
 
2 rows selected. 

Inthiscase,Offloadingwasmoreeffective(faster)thanusingIn-memoryParallelExecution,
primarilybecauseStorageIndexeswereabletoeliminateanextremelylargepercentageofthediskI/O.
Sothecomparisoncamedowntoreadingabout2.5Gigabytesfromthebuffercacheonthedatabase
servervs.readingtheStorageIndexesandahandfulofblocksoffdisk.Grantedthisisaverysimple
contrivedexample,butitillustratesthepointthattheremaybecaseswhereSmartScanisfasterthanIn-
memoryParallelQuery.

Summary 
ParallelexecutionofstatementsisimportantformaximizingthroughputontheExadataplatform.
Oracledatabase11gRelease2includesseveralnewfeaturesthatmaketheparallelexecutionamore
controllablefeature.Thisisespeciallyimportantwhenusingtheplatformwithmixedworkloads.The
newAutoDOPfeatureisdesignedtoallowintelligentdecisionsaboutDOPtobemadeautomatically
basedonindividualstatements.In-memoryParallelExecutionmaynotbeasusefulonExadata
platformsasitisonnon-Exadataplatforms,becauseitdisablestheoptimizationsthatcomealongwith
SmartScans.Ofthethreenewfeatures,ParallelStatementQueuingisthemostusefulasitallowsa
mixtureofthroughput-orientedworktoco-existwithresponse-time–sensitivework.Integrationwith
OracleResourceManagerfurtherenhancesthefeaturebyprovidingagreatdealofadditionalcontrol
overthequeuing.
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Resource Management 

Ifresourceswereunlimited,therewouldbenoneedtomanagethem.Weseethisinallaspectsofour
dailylives.Ifyourswastheonlycarontheroad,trafficsignalswouldn’tbenecessary.Ifyouwerethe
onlycustomeratthebank,therewouldbenoneedforthewindingropesthatformorderlylines.Butas
weallknow,thisisrarelythecase.Itisthesamefordatabaseservers.Whentheloadonthesystemis
light,thereisverylittleneedforresourcemanagement.Processescompleteinafairlyconsistentperiod
oftime.Butwhenthesystemgetsbusyandresourcesbecomescarce,wecanfindourselveswithan
angrymobonourhands.

Foranumberofyearsnow,Oracle’sDatabaseResourceManager(DBRM)hasprovidedaneffective
waytomanagetheallocationofcriticalresourceswithinthedatabase.WithoutDBRM,alldatabase
connectionsaretreatedwithequalpriority,andtheyareservicedinasortofround-robinfashionbythe
operatingsystemscheduler.Whenthesystemisunderheavyload,allsessionsareimpactedequally.
Low-priorityapplicationsreceivejustashighapriorityasbusiness-criticalapplications.Itisnot
uncommontoseeafewpoorlywrittenad-hocqueriesdegradetheperformanceofmission-critical
applications.Ifyou’vebeenaDBAlongenough,especiallyindatawarehouseenvironments,you’re
probablyfamiliarwiththeUnixrenicecommand.Itisaroot-levelcommandthatallowsyouto
influencetheCPUpriorityofaprocessattheoperating-systemlevel.Anumberofyearsago,weworked
inaDBAgroupsupportingaparticularlyheavilyloadeddatawarehouse.Therenicecommandwasused
frequentlytothrottlebackCPUpriorityfordatabasesessionsthatweredominatingthesystem.There
wereacoupleofobviousproblemswiththisapproach.Firstofall,itwasaprivilegedcommandavailable
onlytotherootuser,andsystemadministratorswerereluctanttograntDBAsaccesstoit.Thesecond
problemwasthatautomatingittomanageCPUresourceswasdifficultatbest.Oracle’sDatabase
ResourceManagerisamuchmoreelegantsolutiontotheproblem.ItallowsDBAstoaddressresource
allocationwithinthedomainofthedatabaseitself.Itisawell-organized,frameworkthatisautomated
bydesign.ItensuresthatcriticalsystemresourceslikeCPUandI/Owillbeavailabletoyourimportant
applicationswhenevertheyareneeded,evenwhenthesystemisunderaheavyworkload.Thisisdone
bycreatingresourceallocationschemesthatdefineprioritiesbasedontheneedsofthebusiness.

Anothercaseforresourcemanagementisconsolidation.Itwasinevitablethataplatformwiththe
performance,capacity,andscalabilityofExadatawouldbeviewedbymanyasanidealconsolidation
platform.Butconsolidatingdatabasesisachallenge,mainlybecauseofthedifficultyofmanaging
resourcesacrossdatabases.We’veworkedwithanumberofclientswhohaveusedExadatato
consolidatemultipledatabaseserversontotheExadataplatform.Onesuchclientconsolidated29
databasesfrom17databaseserversontotwoExadatafullracks.Needlesstosay,withoutOracle’s
resourcemanagementcapabilities,itwouldbeextremelydifficult,ifnotimpossible,tobalancesystem
resourcesamongsomanydatabaseenvironments.Untilrecentlytherewasreallynowaytoprioritize
I/Oacrossdatabases.WithExadataV2,OracleintroducedI/OResourceManager(IORM),andforthe
firsttimewecanvirtuallyguaranteeI/Oservicelevelswithinandamongdatabases.

SowhetheryouareconsolidatingmultipledatabasesontoyourExadataplatformorhandling
resourceintensiveapplicationswithinasingledatabase,effectiveresourcemanagementwillplayan
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importantroleinyoursuccess.Inthischapterwewillreviewanddemonstratethemaincomponentsof
DBRMandhowitisusedtomanageandallocateCPUresourceseffectivelywithinadatabase.We’llalso
takealookatinstance cagingandhowitcanbeusedtosetlimitsontheamountofCPUadatabasemay
useinordertoprovidepredictableservicelevelsformulti-tenantdatabaseenvironments.Inthelasthalf
ofthechapterwe’llcoverthenewExadata-specificfeaturecalledI/OResourceManager,whichallocates
andprioritizesdiskI/Oatthestoragecell.

OracleResourceManager,forallitsbenefits,hasbeenaninfrequentlyusedfeatureofthedatabase.
ThisislargelyduetoitscomplexityandagenerallackofunderstandingamongtheDBAcommunity.
BeyondintroducingthenewExadata-specificfeaturesofResourceManager,ourgoalsinpresentingthis
materialaretwofold.FirstwewanttoprovideenoughdetailtodemystifyOracleResourceManager
withoutoverwhelmingthereader.Second,weintendtodemonstratehowtobuildafullyfunctional
resourcemanagementmodel.Thesegoalspresentauniquechallenge.Providetoolittleinformation,
andthereaderwillonlybeabletosetupverysimpleconfigurations.Toomuchdetail,andwerisk
convolutingthetopicandlosingtheaudience.Themostdifficultpartofwritingthischapterhasbeen
strikingabalancebetweenthetwo.Asyoureadthroughtheexamplesyouwillnoticethatweused
multi-levelresourceplans.Thisisnottosuggestthatinordertobeeffective,youmustusecomplex
multi-levelplans.Infact,simple,single-levelresourceplanswillsolveavastmajorityoftheresource
managementproblemsweseeintherealworld.Moreover,multi-levelresourceplanscanbedifficultto
designandtest.Inthischapterwedemonstratemulti-levelplansbecauseitisimportanttounderstand
howtheywork.ButifyouareconsideringusingOracleResourceManager,thebestapproachistokeep
itsimple,andaddfeaturesonlyastheyareneeded.

Database Resource Manager 
DatabaseResourceManager(DBRM)hasbeenaroundforanumberofyearsandisbasicallygeared
towardmanagingCPUresourcesandI/O(indirectly)atthedatabasetier.ExadataV2introducedanew
featurecalledI/OResourceManager(IORM),which,asyoumightexpect,isgearedtowardmanaging
andprioritizingI/Oatthestoragecell.WhendatabasesonExadatarequestI/Ofromthestoragecells,
theysendadditionalinformationalongwiththerequestthatidentifiesthedatabasemakingtherequest
aswellastheconsumergroupmakingtherequest.Thesoftwareonthestoragecells(Cellservorcellsrv)
knowsabouttheprioritiesyouestablishinsidethedatabase(DBRM)and/orattheStorageCell(IORM),
anditmanageshowI/Oisscheduled.DBRMandIORMaretightlyknittogether,soitisimportantto
haveasolidunderstandingofDBRMbeforeIORMisgoingtomakeanysensetoyou.Now,Database
ResourceManagerisalengthytopicandcouldeasilyjustifyabookallbyitself.Sohere,we’llfocuson
thebasicconstructsthatwewillneedforconstructinganeffectiveIORMResourcePlan.Ifyoualready
haveexperiencewithDBRM,youmaybeabletoskipoverthistopic,butbeawarethattheexamplesin
thissectionwillbeusedaswediscussIORMinthelasthalfofthechapter.

Beforewebegin,let’sreviewtheterminologythatwillbeusedinthistopic.Table7-1describesthe
variouscomponentsofDatabaseResourceManager.We’lldiscusstheseinmoredetailaswegoalong.
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Table 7-1. Resource Manager Components 

Name Description 

Resourceconsumergroup

Consumergroup

Thesearethevariousnamesbywhichyoumayseeresource
consumergroupsreferred.ResourceManagerallocates
resourcestoconsumergroups,ratherthanusersessions.A
consumergroupisasetofdatabasesessionsthatmaybe
groupedtogetherbasedontheirpriority,and/orresource
requirements.

Resourceplandirective

Plandirective

Directive

Thesearethenamesbywhichyoumayseeresourceplan
directivesreferred.Resourceallocationsarenotassigned
directlytoconsumergroups.Theyaredefinedinaresource
plandirective.Aconsumergroupisthenassignedtotheplan
directivesothatresourceallocationsmaybeenforced.

Resourceplan

Plan

Resourceplansaresometimesreferredtosimplyas“plans”,or
“theplan.”Plandirectivesaregroupedtogethertocreatea
resourceplan,thusdefiningtheoverarchingallocationof
resourcestoallsessionswithinthedatabase.


Asshowninthetable,DBRMconsistsofthreemaincomponents:resourceconsumergroups

(consumergroups),resourceplandirectives(plandirectives),andresourceplans.

Consumer groups: Aconsumergroupcanrepresentasingledatabasesessionora
groupofsessions.Generallyspeaking,consumergroupsconsistofendusersor
applicationgroupsthatshareacommonbusinesspriority.Groupingsessions
togetherinthismannerallowresourcestobeassignedandmanagedcollectively.
Forexample,inamixed-workloaddatabaseenvironment,consumergroup
assignmentsallowyoutocollectivelyassignmoreCPUandI/Oresourcestoyour
high-prioritybusinessapplicationswhilereducingtheresourcesallocatedtolow-
priorityapplications.

Plan directives: Plandirectivesarewhereyoudefineyourresourceallocations.A
plandirectiveiscreatedusingtheCREATE_PLAN_DIRECTIVEprocedure.Inadditionto
definingtheresourceallocationitself(percentageofCPU,forexample),the
procedurealsorequiresyoutonameoneresourceplanandoneconsumergroup.
Inthisway,aplandirective“links,”orassignsaconsumergrouptoaresourceplan.
Onlyoneconsumergroupmaybeassignedtoadirective,andresourceplans
typicallyconsistofmultipledirectives.Youcansaythataconsumergroupis
assignedtoaresourceplanthroughthecreationofaplandirective.

Resource plan:Theresourceplanisthecollectionofdirectivesthatdeterminehow
andwhereresourcesareallocated.Onlyoneplanmaybeactivatedinthedatabase
instanceatanygiventime.Theresourceplanisactivatedbyassigningittothe
RESOURCE_MANAGER_PLANinstanceparameter.Forexample,thefollowingalter 
systemcommandactivatestheresourceplan‘myplan’:
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SQL> alter system set resource_manager_plan=’myplan’; 

Adatabase’sresourceplanmaybechangedatanytime,allowingyoutoreallocate
resourcesatvarioustimesoftheday,week,ormonthinordertomeetthevarying
workloadrequirementsofyourbusiness.Whentheresourceplanisactivated,no
resourcesareallocatedtoindividualusersessions.Instead,resourcesareallocated
totheconsumergroupsaccordingtothedirectivesintheresourceplan.

ConsumerGroups
Whenaresourceplanisactivated,DBRMexamineskeyattributesofallsessionsinthedatabaseand
assignsthemtoconsumergroups.Sessionsareassignedtoconsumergroupsbymeansofmappingrules
thatyoudefine.Forexample,asetofuseraccountscanbemappedtoaconsumergroupbasedontheir
usernameorthemachinefromwhichtheyareloggingin.Ausermaybelongtomanydifferent
consumergroupsandmaybedynamicallyreassignedfromoneconsumergrouptoanothereveninthe
middleofexecutingaSQLstatementorquery.Sincedatabaseresourcesareallocatedonlytoconsumer
groups,reassigningasessiontoanothergroupimmediatelychangesitsresourceallocation.Allsessions
inaconsumergroupsharetheresourcesofthatgroup.Forexample,iftheAPPSconsumergroupis
allocated70%ofthetotalCPUontheserver,allsessionsbelongingtothatconsumergroupwillequally
sharethe70%allocationofCPU.Therearetwobuilt-inconsumergroupsineverydatabase:SYS_GROUP
andOTHER_GROUPS.Thesegroupscannotbemodifiedordropped.

SYS_GROUP:ThisisthedefaultconsumergroupfortheSYSandSYSTEMuser
accounts.Theseaccountsmaybeassignedtoanotherconsumergroupusing
mappingruleswe’lldiscussinthenextsection.

OTHER_GROUPS:Thisisthedefaultconsumergroup.Anysessionsthatbelongtoa
consumergroupthatisnotdefinedinthecurrentlyactiveresourceplanwill
automaticallybemappedtothisconsumergroup.ThisisOracle’swayofmaking
sureallusersessionsareassignedtoaconsumergroupintheactiveresourceplan.

Note:WewouldhavepreferredanamelikeOTHERforthatlastconsumergroup,butyes,itreallyisnamed
“OTHER_GROUPS,”notOTHER_GROUP,orOTHER.WemusthavebeenoutoftownwhenLarrycalledtoaskour
opiniononthisone.

Consumer Group Mapping Rules 

Allusersessions(exceptSYSandSYSTEM)aremappedbydefaulttotheconsumergroupOTHER_GROUPS.
Thisbehaviorcanbemodifiedusingmappingrulessothatsessionsareautomaticallyreassignedto
otherconsumergroups.Ifthereisnomappingruleforasession,orifthemappingrulesassignthe
sessiontoaconsumergroupthatisnotnamedinthecurrentlyactiveplan,thenitwillbeautomatically
assignedtothisbuilt-inconsumergroup.EveryresourceplanmusthavetheOTHER_GROUPSresource
grouptohandlethiscondition.Thefollowingexampleshowshowamappingruleiscreated.This
mappingrulecallsfortheTPODERaccounttobeautomaticallyassignedtotheREPORTSconsumergroup,
whileanyonelogginginusingthePayroll.exeapplicationwillbemappedtotheAPPSconsumergroup:
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BEGIN 
  DBMS_RESOURCE_MANAGER.SET_CONSUMER_GROUP_MAPPING   
     (DBMS_RESOURCE_MANAGER.ORACLE_USER, 'TPODER', 'REPORTS'); 
  DBMS_RESOURCE_MANAGER.SET_CONSUMER_GROUP_MAPPING   
     (DBMS_RESOURCE_MANAGER.CLIENT_PROGRAM, 'payroll.exe', 'APPS'); 
END; 

Therearetwotypesofsessionattributesthatcanbeusedtocreatemappingrules:loginattributes
andruntimeattributes.Loginattributesaresetwhentheuserlogsinanddonotchangeduringthelifeof
thesession.ResourceManagerusesloginattributestodeterminewhichconsumergroupthesession
shouldinitiallybeassignedto.Runtimeattributesaresetatruntimeandcanbechangedatanytime
duringthelifeofthesessionbytheclientapplication.Table7-2describesthesessionattributes
ResourceManagercanuseforcreatingsession-to-consumer-groupmappingrules.

Table 7-2. Consumer Group Mapping Rule Attributes 

Session Attribute Type Description 

EXPLICIT n/a Thisattributereferstotheexplicitrequestbyauserto
switchtoanotherconsumergroupusingoneofthe
followingstoredproceduresintheDBMS_SESSION
package:

• SWITCH_CURRENT_CONSUMER_GROUP 
• SWITCH_CONSUMER_GROUP_FOR_SESS 
• SWITCH_CONSUMER_GROUP_FOR_USER

Itisacommonpracticetosetthepriorityofthis
mappingattributetothehighestlevel. 

ORACLE_USER Login ThisistheUSERNAMEcolumnfromv$session.Itisthe
usernamethesessionusedtoauthenticatetothe
databaseduringlogin.

SERVICE_NAME Login Thisisthedatabaseservicenameusedtoconnecttothe
database.ItistheSERVICE_NAMEcolumninthev$session
view.

CLIENT_OS_USER Login Thisistheoperatingsystemuseraccountofthe
machinetheuserisconnectingfrom.ItistheOSUSER
columnfromthev$sessionview.

CLIENT_PROGRAM Login Thisistheexecutablefiletheenduserisusingto
connecttothedatabase;forexample,sqlplusw.exe.
ResourceManagerevaluatesthisvaluewithout
considerationofcase,(upperorlower).
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Session Attribute Type Description 

CLIENT_MACHINE Login Thisisthemachinefromwhichtheuserisconnectingto
thedatabase.ItappearsintheMACHINEcolumnofthe
v$sessionview.

MODULE_NAME Runtime Thisisthemodulenamesetbytheapplication
connectingtothedatabase.ItisstoredintheMODULE
columnofthev$sessionviewandissetbycallingthe
DBMS_APPLICATION_INFO.SET_MODULEprocedure.Thisis
anoptionalsetting,andsomeapplicationsdonotuseit.

MODULE_NAME_ACTION Runtime Thisisaconcatenationofthemoduleandactioninthe
formmodule.action.Theapplicationsetsthese
attributesbycallingthefollowingprocedures:

• DBMS_APPLICATION_INFO.SET_MODULE 
• DBMS_APPLICATION_INFO.SET_ACTION 

SERVICE_MODULE Runtime Thisattributeistheconcatenationoftheservicename
usedtoconnecttothedatabase,andtheMODULE
attributeintheformservice.module.

SERVICE_MODULE_ACTION Runtime Thisattributeistheconcatenationoftheservicename,
module,andactionintheformservice.module.action.

ORACLE_FUNCTION Runtime Thisisaspecialattributethatismaintainedinternally
bythedatabase.ItissetwhenrunningRMANorData
Pump.ThisattributecanbesettoBACKUP,toperforma
backup … as backupset,orCOPY,toperformabackup … 
as copy.WhenDataPumpisusedtoloaddataintothe
database,thisattributeissettoDATALOAD.These
attributesareautomaticallymappedtobuilt-in
consumergroupssuchasBATCH_GROUPandETL_GROUP.

Tip:SERVICE_MODULE,ACTIVE_SESS_POOL_P1,andQUEUEING_P1arenotcommonlyusedandmaybe
deprecatedinfuturereleases.:ForattributesotherthanORACLE_USER andSERVICE_NAMEinTable7-2,youcan
alsousewildcardssuchas_and%forsingleandmultiplecharacters,respectively.

Conflictscanoccurbetweenmappingruleswhenauseraccountmatchesmorethanonerule.
Oracleresolvestheseconflictsbyallowingyoutospecifytherelativepriorityofeachattribute.Thisway,
Oraclecanautomaticallydeterminewhichrule(attribute)shouldtakeprecedencewhensession
attributessatisfymultiplemappingrules.ThedefaultprioritiesfortheORACLE_USER and
CLIENT_APPLICATION attributesare6and7,respectively.Inthefollowingexample,I’vepromotedthe
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CLIENT_PROGRAM toposition2,andtheORACLE_USER toposition3.Nowtheclientapplicationestablishing
adatabaseconnectionwilltakeprecedenceovertheclient’sUSERNAME.

BEGIN 
  dbms_resource_manager.clear_pending_area(); 
  dbms_resource_manager.create_pending_area(); 
  dbms_resource_manager.set_consumer_group_mapping_pri( 
    EXPLICIT              => 1,   
    CLIENT_PROGRAM        => 2, 
    ORACLE_USER           => 3, 
    SERVICE_MODULE_ACTION => 4, 
    SERVICE_MODULE        => 5, 
    MODULE_NAME_ACTION    => 6, 
    MODULE_NAME           => 7, 
    SERVICE_NAME          => 8, 
    CLIENT_MACHINE        => 9, 
    CLIENT_OS_USER        => 10 ); 
  dbms_resource_manager.submit_pending_area(); 
END; 

Forexample,usingthemappingrulesandprioritieswe’vecreatedsofar,let’ssayTPODERlogsintothe
database.AccordingtotheORACLE_USERmappingrule,thisuserwouldordinarilybeassignedtothe
REPORTSconsumergroup.ButifTPODERlogsinfromthecompany’sPayrollapplication,hissessionwillbe
mappedtotheAPPSconsumergroup.Thisisbecauseaccordingtotherulepriorities,the
CLIENT_APPLICATIONmappingruletakesprecedenceoverORACLE_USER.Thefollowingqueryshowshow
twodifferentsessionsfromthesameuseraccountgetmappedaccordingtotheusernameandclient
programmappingpriorities.NoticehowonlythePayrollapplication,payroll.exe,overridesthe
REPORTSmappingrule.

SYS:SCRATCH> select s.username                "User",  
                    s.program                 "Program",  
                    s.resource_consumer_group "Resource Group" 
               FROM v$session s, v$process p 
              WHERE ( (s.username IS NOT NULL) 
                AND (NVL (s.osuser, 'x') <> 'SYSTEM') 
                AND (s.TYPE   != 'BACKGROUND') ) 
                AND (p.addr(+) = s.paddr) 
                AND s.username = 'TPODER' 
              ORDER BY s.resource_consumer_group, s.username; 
 
User            Program                                     Resource Group 
----------- ------------------------------------------- -------------------- 
TPODER      payroll.exe                                 APPS 
TPODER      sqlplus@enkdb02.enkitec.com (TNS V1-V3)     REPORTS 
TPODER      toad.exe                                    REPORTS 
TPODER      sqlplusw.exe                                REPORTS 

PlanDirectives
DBRMallocatesdatabaseresourcestoconsumergroupsthroughplan directives.Aplandirective
consistsofoneconsumergroupandoneormoremanagementattributes.Thereisaone-to-one

mailto:sqlplus@enkdb02.enkitec.com
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relationshipbetweenaplandirectiveandaconsumergroup,andnotwodirectivesmaybeassignedto
thesameresourcegroup(withinthesameplan).Aplandirectiveismadeupofalistofmanagement
attributesinakey=valuefashion.Forexample,thefollowinglistingshowshowasetofdirectivesmaybe
definedinDBRM:

DBMS_RESOURCE_MANAGER.CREATE_PLAN_DIRECTIVE( 
   PLAN                  => 'example_plan',  
   GROUP_OR_SUBPLAN      => 'APPS',  
   COMMENT               => 'OLTP Application Sessions',  
   MGMT_P1               => 70, 
   MAX_UTILIZATION_LIMIT => 90,  
   MAX_EST_EXEC_TIME     => 3600 
); 

MGMT_Pn 

Exadata’sIOResourceManagerworkswithDBRMthroughplandirectivesusingtheCPUmanagement
attributesMGMT_Pn,(wherenmaybe1–8),andMAX_UTILIZATION_LIMIT,sogoingforwardtheseattributes
willbethefocusourdiscussion.CPUisallocatedinalevel+percentagemanner.UsageoftheMGMT_Pn
attributedeterminestherelativepriorityinwhichCPUisallocatedtoconsumergroupsacrossthe
variouslevels,where1isthehighestlevel/priority.ThepercentageassignedtotheMGMT_Pnattribute
determineshowavailableCPUresources(unallocatedplusunused)areallocatedwithinaparticular
level.WhateverCPUisunusedorunallocatedfromlevel1isallocatedtolevel2.Unusedandunallocated
CPUfromlevel2isthenpassedtotheconsumergroupsonlevel3.Iftherearetwoconsumergroupson
level2andoneofthemdoesn’tuseitsallocation,theunusedCPUisalwayspassedtothenextlevelin
thePlan.Theotherconsumergrouponlevel2can’tutilizeit.

Figure7-1showsasimpleresourceplanandillustrateshowthislevel+percentagemethodof
allocatingCPUresourcesworks.
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Figure 7-1. Resource directives 

InFigure7-1theAPPSgroupisallocated70%oftotalCPUavailabletothedatabase.Sessionsinthe
REPORTSgrouparethenexthighestpriorityatlevel2andwillbeallocatedhalfoftheunallocatedCPU
(30%)fromlevel1.SessionsintheresourcegroupsMAINTENANCEandOTHER_GROUPSequallyshare
unallocatedCPU(50%)fromlevel2.Thiscanbeexpressedinformulaformasfollows:

APPS=70%  (100%×70%)

REPORTS=15%  ((100%–70%)×50%)
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MAINTENANCE=7.5% (((100%70%)×50%)×50%)

OTHER_GROUPS=7.5% (((100%70%)×50%)×50%)

ResourceManagerisdesignedtomaximizeCPUutilization.Thisisimportanttounderstandbecauseit
meansthattherearetimeswhenconsumergroupsmayactuallyexceedtheirallocation.WhenCPU
resourcesarelimited,plandirectivesdefineguaranteedservicelevelsforconsumergroups.Butwhen
extraCPUisavailable,plandirectivesalsodeterminehowunusedCPUresourcesareallocatedamong
consumergroups.Forexample,ifCPUutilizationintheAPPSgroupfallsbelow70%,halfoftheunused
CPUisredistributedtotheREPORTSgrouponlevel2(mgmt._p2=50%),andhalfisdistributedtothe
consumergroupsonlevel3.IftheREPORTSgroupdoesnotfullyutilizeitsallocationofCPU,theunused
CPUisalsoredistributedtotheconsumergroupsonlevel3.IfyouneedtosetanabsolutelimitonCPU
foraconsumergroup,usetheMAX_UTILIZATION_LIMITdirective.

ResourcePlan
Aresource planisacollectionofplandirectivesthatdeterminehowdatabaseresourcesaretobe
allocated.Youmaycreateanynumberofresourceplansforyourdatabasethatallowyoutomeetthe
specificservicelevelsofyourbusiness,butonlyonemaybeactiveatanygiventime.Youmaydeactivate
thecurrentresourceplanandactivateanotherplanwhenevertheneedsofthebusinesschange.When
theactiveresourceplanchanges,allcurrentandfuturesessionswillbeallocatedresourcesbasedon
directivesinthenewplan.Switchingbetweenvariousresourceplansiscommonlydonetoprovide
suitableallocationsforparticulartimesoftheday,week,ormonth.Forexample,anafter-hoursplan
maybeactivatedintheeveningtofavordatabasebackups,batchjobs,extracts,anddata-loading
activities.Otherapplicationsformaintainingmultipleplansmayincludemonth-endprocessing,year-
endprocessing,andthelike.

The Pending Area 

Resourceplansinthedatabasecannotbedirectlymodified;norcanyoudirectlydefinenewplan
directivesorresourcegroups.Oracleprovidesaworkspacecalledthepending areaforcreatingand
modifyingalltheelementsofaresourceplan.Youcanthinkofitasaloadingzonewhereallthe
elementsofyourresourceplanarestagedandvalidatedtogetherbeforetheyaresubmittedtoDBRM.
Theremaybeonlyonependingareainthedatabaseatanygiventime.Ifapendingareaisalreadyopen
whenyoutrytocreateone,Oraclewilldisplaytheerrormessage,“ORA-29370: pending area is already 
active.”Thependingareaisnotapermanentfixtureinthedatabase.Youmustexplicitlycreateitbefore
youcancreateormodifyresourceplans.Thefollowinglistingshowsthetypicalprocessofcreatinga
pendingarea,validatingyourchanges,andthensubmittingit.Afterthependingareaissubmitted,itis
automaticallyremovedandanewonemustbecreatedifyouwanttoperformanyadditionalworkon
DBRMcomponents.ThefollowinglistingshowshowthePendingAreaiscreated,validated,and
submitted.

BEGIN 
  DBMS_RESOURCE_MANAGER.CREATE_PENDING_AREA();         Create the pending area 
     <create, modify, delete your resource plan> 
  DBMS_RESOURCE_MANAGER.VALIDATE_PENDING_AREA();       Validate your work 
  DBMS_RESOURCE_MANAGER.SUBMIT_PENDING_AREA();         Install your work into DBRM 
END; 
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ResourceManagerViews
Oraclesuppliesanumberofviewsthatreportconfiguration,history,andmetricsforResourceManager.
Let’stakealookatafewoftheviewsthatareusefulforreviewingandmonitoringresourcesinyour
DBRMconfiguration.

V$RSRC_CONSUMER_GROUP: TheV$RSRC_CONSUMER_GROUPviewdisplaysinformation
abouttheactiveresourceconsumergroups.Italsocontainsperformancemetrics
thatareusefulfortuningpurposes.We’lltakeacloserlookatthisviewwhenwe
testaresourceplanlateroninthechapter.

V$RSRC_PLAN: Thisviewdisplaystheconfigurationofthecurrentlyactiveresource
plan.

V$RSRC_PLAN_HISTORY: TheV$RSRC_PLAN_HISTORYviewshowshistoricalinformation
foryourresourceplans,includingwhentheywereactivatedanddeactivated,and
whethertheywereenabledbythedatabaseschedulerorschedulerwindows.

V$RSRC_SESSION_INFO: Thisviewshowsperformancestatisticsforsessionsand
howtheywereaffectedbytheResourceManager.

V$SESSION: TheV$SESSIONviewisnotspecificallyaResourceManagerviewbutits
RESOURCE_CONSUMER_GROUPfieldisusefulfordeterminingwhatresourcegroupa
sessionisassignedto.

DBA_RSRC_CATEGORIES: Thisviewdisplaystheresourcecategoriesthatare
configuredinthedatabase.CategoriesareusedbytheI/OResourceManagerfor
controllingstoragecellI/Oallocationwithinadatabase.

DBA_RSRC_CONSUMER_GROUPS: Thisviewdisplaysalltheconsumergroupsdefinedin
thedatabase.

DBA_RSRC_CONSUMER_GROUP_PRIVS: Thisviewreportsusers,andtheresource
groupstowhichtheyhavebeengrantedpermission.Ausermusthavepermission
toswitchtoaconsumergroupbeforethesession-to-consumergroupmapping
ruleswillwork.

DBA_RSRC_GROUP_MAPPINGS: Thisviewlistsallthevarioussession-to-resource
groupmappingrulesdefinedinthedatabase.

DBA_RSRC_MAPPING_PRIORITY: Thisviewreportsthepriorityofsessionattributes
usedinresolvingoverlapsbetweenmappingrules.

DBA_RSRC_IO_CALIBRATE: ThisviewdisplaystheI/OperformancemetricsDBRM
usesforI/Oresourcemanagement.MaximumreadratesarecapturedforI/O
operationspersecond(IOPS),megabytespersecond(MBPS),andlatenciesfor
datablockreadrequests.

DBA_RSRC_PLANS: Thisviewlistsallresourceplansandthenumberofplan
directivesassignedtoeachplaninthedatabase.

DBA_RSRC_PLAN_DIRECTIVES: Thisviewlistsallresourceplandirectives,resource
allocationpercentages,andlevelsdefinedinthedatabase.
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DBA_USERS: ThisviewisnotactuallyaResourceManagerviewbutitdoesdisplay
theusernameandinitialresourcegroupassignment,inits
INITIAL_RSRC_CONSUMER_GROUPfield.

DBA_HIST_RSRC_CONSUMER_GROUP: Thisviewdisplayshistoricalperformance
metricsforResourceconsumergroups.ItcontainsAWRsnapshotsofthe
V$RSRC_CONS_GROUP_HISTORYview. 

DBA_HIST_RSRC_PLAN: Thisisasimpleviewthatdisplayshistoricalinformation
aboutresourceplanssuchaswhentheywereactivatedanddeactivated.

TheWaitEvent:resmgr:cpuquantum
DBRMallocatesCPUresourcesbymaintaininganexecutionqueuesimilartothewaytheoperating
system’sschedulerqueuesprocessesfortheirturnontheCPU.Thetimeasessionspendswaitinginthis
executionqueueisassignedthewaiteventresmgr: cpu quantum.ACPUquantumistheunitofCPU
time(fractionofCPU)thatResourceManagerusesforallocatingCPUtoconsumergroups.Thisevent
occurswhenResourceManagerisenabledandisactivelythrottlingCPUconsumption.Increasingthe
CPUallocationforasession’sconsumergroupwillreducetheoccurrenceofthiswaiteventandincrease
theamountofCPUtimeallocatedtoallsessionsinthatgroup.Forexample,theCPUquantumwait
eventsmaybereducedfortheAPPSresourcegroup(currently70%atlevel1)byincreasingthegroup’s
CPUallocationto80%.

DBRMExample
Nowthatwe’vediscussedthekeycomponentsofDBRMandhowitworks,let’stakealookatan
exampleofcreatingandutilizingresourceplans.Inthisexamplewe’llcreatetworesourceplanssimilar
totheoneinFigure7-1.OneallocatesCPUresourcessuitablyforcriticalDAYTIMEprocessing,andthe
otherfavorsnight-timeprocessing.

Step 1: Create Resource Groups 

Thefirstthingwe’lldoiscreatetheresourcegroupsforourplan.Thefollowinglistingcreatesthree
resourcegroups,APPS,REPORTS, and MAINTENANCE.Oncewehavetheresourcegroupscreated,we’llbe
abletomapusersessionstothem.

BEGIN 
  dbms_resource_manager.clear_pending_area(); 
  dbms_resource_manager.create_pending_area(); 
  dbms_resource_manager.create_consumer_group( 
    consumer_group => 'APPS',  
    comment        => 'Consumer group for critical OLTP applications'); 
  dbms_resource_manager.create_consumer_group( 
    consumer_group => 'REPORTS', 
    comment        => 'Consumer group for long-running reports'); 
  dbms_resource_manager.create_consumer_group( 
    consumer_group => 'MAINTENANCE', 
    comment        => 'Consumer group for maintenance jobs'); 
  dbms_resource_manager.validate_pending_area(); 



CHAPTER7RESOURCEMANAGEMENT

186

  dbms_resource_manager.submit_pending_area(); 
END; 

Step 2: Create Consumer Group Mapping Rules 

Okay,sothattakescareofourresourcegroups.Nowwe’llcreateoursession-to-resourcegroup
mappings.ThefollowingPL/SQLblockcreatesmappingsforthreeuseraccounts(KOSBORNE,TPODER,and
RJOHNSON),andjustforgoodmeasure,we’llcreateamappingforourTOADusersoutthere.Thiswillalso
allowustoseehowattributemappingprioritieswork.

BEGIN 
  dbms_resource_manager.clear_pending_area(); 
  dbms_resource_manager.create_pending_area(); 
  dbms_resource_manager.set_consumer_group_mapping( 
    attribute      => dbms_resource_manager.oracle_user, 
    value          => 'KOSBORNE', 
    consumer_group => 'APPS'); 
  dbms_resource_manager.set_consumer_group_mapping( 
    attribute      => dbms_resource_manager.oracle_user, 
    value          => 'RJOHNSON', 
    consumer_group => 'REPORTS'); 
  dbms_resource_manager.set_consumer_group_mapping( 
    attribute      => dbms_resource_manager.oracle_user, 
    value          => 'TPODER', 
    consumer_group => 'MAINTENANCE'); 
  dbms_resource_manager.set_consumer_group_mapping( 
    attribute      => dbms_resource_manager.client_program, 
    value          => 'toad.exe', 
    consumer_group => 'REPORTS'); 
  dbms_resource_manager.submit_pending_area(); 
END; 

Onemoreimportantstepistogranteachoftheseuserspermissiontoswitchtheirsessiontothe
consumergroupyouspecifiedinyourmappingrules.Ifyoudon’t,theywillnotbeabletoswitchtheir
sessiontothedesiredresourcegroupandwillinsteadbeassignedtothedefaultconsumergroup,
OTHER_GROUPS.SoifyoufindthatusersessionsarelandinginOTHER_GROUPSinsteadoftheresourcegroup
specifiedinyourmappingrules,youprobablyforgottogranttheswitch_consumer_groupprivilegetothe
user.Rememberthatthiswillalsohappenifthemappingruleassignsasessiontoaconsumergroup
thatisnotintheactiveresourceplan.TheGRANT_OPITONparameterinthenextlistingdetermines
whetherornottheuserwillbeallowedtograntotherspermissiontoswitchtotheconsumergroup.

BEGIN 
  dbms_resource_manager_privs.grant_switch_consumer_group( 
    GRANTEE_NAME   => 'RJOHNSON',    
    CONSUMER_GROUP => 'REPORTS',  
    GRANT_OPTION   =>  FALSE); 
  dbms_resource_manager_privs.grant_switch_consumer_group( 
    GRANTEE_NAME   => 'KOSBORNE',  
    CONSUMER_GROUP => 'APPS',     
    GRANT_OPTION   =>  FALSE); 
  dbms_resource_manager_privs.grant_switch_consumer_group( 
    GRANTEE_NAME   => 'TPODER',  
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    CONSUMER_GROUP => 'MAINTENANCE',    
    GRANT_OPTION   =>  FALSE); 
END; 

Tip:Ifyoutrustyourusersanddevelopersnottoswitchtheirownsessiontoahigher-priorityconsumergroup,
youcangranttheswitch_consumer_grouppermissiontothepublicandmakethingsalittleeasieronyourself.

Step 3: Set Resource Group Mapping Priorities 

Sincewewanttousemorethanthesession’sUSERNAMEtomapsessionstoresourcegroups,we’llneedto
setprioritiesforthemappingrules.ThistellsDBRMwhichrulesshouldtakeprecedencewhenasession
matchesmorethanonerule.ThefollowingPL/SQLblocksetsapriorityfortheclientprogramattribute
higherthanthatofthedatabaseuseraccount:

BEGIN 
  dbms_resource_manager.clear_pending_area(); 
  dbms_resource_manager.create_pending_area(); 
  dbms_resource_manager.set_consumer_group_mapping_pri( 
    explicit              => 1,   
    client_program        => 2, 
    oracle_user           => 3, 
    service_module_action => 4, 
    service_module        => 5, 
    module_name_action    => 6, 
    module_name           => 7, 
    service_name          => 8, 
    client_os_user        => 9, 
    client_machine        => 10 ); 
  dbms_resource_manager.submit_pending_area(); 
END; 

Step 4: Create the Resource Plan and Plan Directives 

Generallyspeaking,resourceplansarecreatedatthesametimeastheplandirectives.Thisisbecause
wecannotcreateanemptyplan.Aresourceplanmusthaveatleastoneplandirective,forthe
OTHER_GROUPSresourcegroup.ThefollowinglistingcreatesaresourceplancalledDAYTIMEanddefines
directivesfortheresourcegroups:APPS,REPORTS,MAINTENANCE,and,ofcourse,OTHER_GROUPS.

BEGIN 
 dbms_resource_manager.clear_pending_area(); 
 dbms_resource_manager.create_pending_area(); 
 dbms_resource_manager.create_plan(  
   plan    => 'daytime',  
   comment => 'Resource plan for normal business hours'); 
 dbms_resource_manager.create_plan_directive( 
   plan             => 'daytime', 
   group_or_subplan => 'APPS', 
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   comment          => 'High priority users/applications', 
   mgmt_p1          => 70); 
 dbms_resource_manager.create_plan_directive( 
   plan             => 'daytime', 
   group_or_subplan => 'REPORTS', 
   comment          => 'Medium priority for daytime reports processing', 
   mgmt_p2          => 50); 
dbms_resource_manager.create_plan_directive( 
   plan             => 'daytime', 
   group_or_subplan => 'MAINTENANCE', 
   comment          => 'Low priority for daytime maintenance', 
   mgmt_p3          => 50); 
 dbms_resource_manager.create_plan_directive( 
   plan             => 'daytime', 
   group_or_subplan => 'OTHER_GROUPS', 
   comment          => 'All other groups not explicitely named in this plan', 
   mgmt_p3          => 50); 
 dbms_resource_manager.validate_pending_area(); 
 dbms_resource_manager.submit_pending_area(); 
END; 

Step 5: Create the Night-Time Plan 

Organizationstypicallyhavedifferentschedulingprioritiesforafter-hourswork.TheNIGHTTIMEplan
shiftsCPUallocationawayfromtheAPPSresourcegrouptotheMAINTENANCEgroup.Thenextlisting
createstheNIGHTTIMEplanwithprioritiesthatfavormaintenanceprocessingoverapplicationsand
reporting.Evenso,50%ofCPUresourcesarereservedfortheAPPSandREPORTSresourcegroupsto
ensurethatbusinessapplicationsandreportsgetsufficientCPUduringoff-peakhours.

BEGIN 
 dbms_resource_manager.clear_pending_area(); 
 dbms_resource_manager.create_pending_area(); 
 dbms_resource_manager.create_plan(  
   plan    => 'nighttime',  
   comment => 'Resource plan for normal business hours'); 
 dbms_resource_manager.create_plan_directive( 
   plan             => 'nighttime', 
   group_or_subplan => 'MAINTENANCE', 
   comment          => 'Low priority for daytime maintenance', 
   mgmt_p1          => 50); 
 dbms_resource_manager.create_plan_directive( 
   plan             => 'nighttime', 
   group_or_subplan => 'APPS', 
   comment          => 'High priority users/applications', 
   mgmt_p2          => 50); 
 dbms_resource_manager.create_plan_directive( 
   plan             => 'nighttime', 
   group_or_subplan => 'REPORTS', 
   comment          => 'Medium priority for daytime reports processing', 
   mgmt_p2          => 50); 
 dbms_resource_manager.create_plan_directive( 
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   plan             => 'nighttime', 
   group_or_subplan => 'OTHER_GROUPS', 
   comment          => 'All other groups not explicitely named in this plan', 
   mgmt_p3          => 100); 
 dbms_resource_manager.validate_pending_area(); 
 dbms_resource_manager.submit_pending_area(); 
END; 

Step 6: Activate the Resource Plan 

Onceourresourceplansarecreated,oneofthemmustbeactivatedforDBRMtostartmanaging
resources.ResourceplansareactivatedbysettingtheinstanceparameterRESOURCE_MANAGER_PLAN,using
theALTER SYSTEMcommand.Iftheplandoesn’texist,thenDBRMisnotenabled.

ALTER SYSTEM SET resource_manager_plan='DAYTIME' SCOPE=BOTH SID='SCRATCH'; 

Youcanautomaticallysettheactivateresourceplanusingschedulerwindows.Thismethodensuresthat
businessrulesforresourcemanagementareenforcedconsistently.Thefollowinglistingmodifiesthe
built-inschedulerwindowWEEKNIGHT_WINDOWsothatitenablesournighttimeresourceplan.Thewindow
startsat6:00PM(hour18)andrunsthrough7:00AM(780minutes).

BEGIN 
 DBMS_SCHEDULER.SET_ATTRIBUTE( 
   Name      => '"SYS"."WEEKNIGHT_WINDOW"',  
   Attribute => 'RESOURCE_PLAN',  
   Value     => 'NIGHTTIME'); 
  
 DBMS_SCHEDULER.SET_ATTRIBUTE( 
  name      => '"SYS"."WEEKNIGHT_WINDOW"', 
  attribute => 'REPEAT_INTERVAL', 
  value     => 'FREQ=WEEKLY;BYDAY=MON,TUE,WED,THU,FRI;BYHOUR=18;BYMINUTE=00;BYSECOND=0'); 
  
 DBMS_SCHEDULER.SET_ATTRIBUTE( 
   name=>'"SYS"."WEEKNIGHT_WINDOW"', 
   attribute=>'DURATION', 
   value=>numtodsinterval(780, 'minute')); 
  
 DBMS_SCHEDULER.ENABLE(name=>'"SYS"."WEEKNIGHT_WINDOW"'); 
END; 
 
Nowwe’llcreateanewwindowthatcoversnormalbusinesshours,calledWEEKDAY_WINDOW.Thiswindow
willautomaticallyswitchtheactiveresourceplantoourDAYTIMEresourceplan.Thewindowstartsat
7:00AM(hour7)andrunsuntil6:00PM(660minutes),atwhichpointourWEEKNIGHT_WINDOWbegins.
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BEGIN 
 DBMS_SCHEDULER.CREATE_WINDOW( 
  window_name     => '"WEEKDAY_WINDOW"', 
  resource_plan   => 'DAYTIME', 
  start_date      => systimestamp at time zone '-6:00', 
  duration        => numtodsinterval(660, 'minute'), 
  repeat_interval => 'FREQ=WEEKLY;BYDAY=MON,TUE,WED,THU,FRI;BYHOUR=7;BYMINUTE=0;BYSECOND=0', 
  end_date        => null, 
  window_priority => 'LOW', 
  comments        => 'Weekday window. Sets the active resource plan to DAYTIME'); 
  
 DBMS_SCHEDULER.ENABLE(name=>'"SYS"."WEEKDAY_WINDOW"'); 
END; 

TestingaResourcePlan
BeforewefinishwithDatabaseResourceManager,let’stestoneofourresourceplanstoseeifitworksas
advertised.ValidatingthepreciseCPUallocationtoeachofourresourcegroupsisaverycomplicated
undertaking,sowewon’tbediggingintoittoodeeply.Butwewilltakealookatthe
V$RSRC_CONSUMER_GROUPviewtoseeifwecanaccountforhowtheCPUresourceswereallocatedamong
ourconsumergroups.Forthetest,we’llusetheSCRATCHdatabase,andtheDAYTIMEresourceplanwe
createdearlier.Theresultsofthetestwill:

• VerifythatsessionsmapproperlytotheirResourceGroups

• ShowhowtoidentifyDBRMwaiteventsinasessiontrace

• VerifythatCPUisallocatedaccordingtoourresourceplan

Figure7-2showsresourceallocationdirectivesfortheDAYTIMEresourceplanwe’llbetesting.




Figure 7-2. DAYTIME resource plan allocation 

IfourDAYTIMEresourceplanisworking,CPUwillbeallocatedaccordingtothefollowingformula.Note
thatthe70%,15%,7.5%,and7.5%allocationsreflectthepercentoftotalCPU.

Level1)APPS=70%  (100%×70%)

Level2)REPORTS=15%  ((100%-70%)×50%)

Level3)MAINTENANCE=7.5% (((100%-70%)×50%)×50%)

Level3)OTHER_GROUPS=7.5% (((100%-70%)×50%)×50%)
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Test Outline 

Nowthatwe'vecreatedourresourceplan,wecantesttoseehowitworks.Followingarethestepswe
willfollowtotestourresourceplan.

1. TurnofftheDatabaseResourceManager.

2. StartasessionusingtheRJOHNSONaccount.

3. Start20concurrentCPUintensivequeriesfromeachoftheuseraccountsthat
maptoourconsumergroups.Theseuseraccountsmaptoresourcegroupsas
follows:

KOSBORNE APPS

RJOHNSON REPORTS

TPODER MAINTENANCE

FRED  OTHER_GROUPS

4. ChecktheconsumergroupassignmentsintheV$SESSION. 
RESOURCE_CONSUMER_GROUPview.Thiscolumnshouldbenull,sinceDBRMis
inactive.

5. Starta10046sessiontraceonanRJOHNSONsession.

6. RunaCPUintensivequeryfromtheRJOHNSONsession.

7. Tailthesessiontracefileandwatchforresmgr:cpu quantumwaitevents.There
shouldn’tbeanyatthispoint,becauseDBRMisinactive.

8. Whiletheloadtestisstillrunning,activatetheDAYTIMEresourceplan.

9. Checktheconsumergroupassignmentsagain.NowthatDBRMisactive,
sessionsshouldbeassignedtotheirrespectiveconsumergroups.

10. ChecktheRJOHNSONsessiontracefileagain.Weshouldseeresmgr:cpu quantum
waiteventsnowthattheDAYTIMEresourceplanisactive.

11. ReviewtheResourceManagermetricsintheV$RSRC_CONSUMER_GROUPviewto
seehowCPUresourceswereallocatedduringthetest.WeshouldseeCPU
allocatedaccordingtothedirectivesinourresourceplan.

Step1:DeactivateDBRM

Now,we’llbeginourtestoftheresourceplan.Thefirstthingwe’lldoisturnoffDBRMbysettingthe
instancedatabaseparameterRESOURCE_MANAGER_PLANto''(anemptystring).

SYS:SCRATCH> alter system set resource_manager_plan=''; 

Step2:LogInasRJOHNSON

Now,we’llstartaSQL*Plussession,logginginasRJOHNSON.
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[enkdb02:rjohnson:SCRATCH] /home/rjohnson/myscripts 
> sqlplus rjohnson/x 
… 
RJOHNSON:SCRATCH> 

Step3:StartLoadTest

Infourseparateterminalwindows,we’llgeneratealoadonthesystembyrunningashellscriptthat
spinsup20SQL*Plussessionsforeachuseraccount.Eachsessionkicksoffthefollowingquery,which
createsaCartesianproduct.Theskewtablehas32,000,000rows,sothejoinwillcreatebillionsoflogical
I/Ooperations.That,alongwiththesumonCOL1,shouldcreatesufficientCPUloadforourtests.The
followinglistingshowsthedefinitionoftheSKEWtable,withindexesontheCOL1andCOL2columns.

CREATE TABLE SKEW ( 
  PK_COL  NUMBER, 
  COL1    NUMBER, 
  COL2    VARCHAR2(30 BYTE), 
  COL3    DATE, 
  COL4    VARCHAR2(1 BYTE) ); 
 
CREATE INDEX SKEW_COL2 ON SKEW (COL2); 
CREATE INDEX SKEW_COL2 ON SKEW (COL2); 

Now,let’sstartthetestqueriesandtakealookattheCPUutilization.Thefollowinglistingshowsthe
querywe’llbeusingforthetest.

-- Test Query -- 
select a.col2, sum(a.col1) 
  from rjohnson.skew a,  
       rjohnson.skew b 
 group by a.col2; 

The burn_cpu.shshellscript,shownnext,executes20concurrentcopiesoftheburn_cpu.sqlscript.We’ll
runthisscriptonceforeachoftheuseraccounts,FRED,KOSBORNE,RJOHNSON, andTPODER.Ourtest
configurationisasingledatabase(SCRATCH),onaquarterrackExadataV2.RecallthattheV2is
configuredwithtwoquad-coreCPUs. 
 
#!/bin/bash 
export user=$1 
export passwd=$2 
export parallel=$3 
 
burn_cpu() { 
  sqlplus -s<<EOF 
  $user/$passwd 
  @burn_cpu.sql 
  exit 
EOF 
} 
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JOBS=0 
while :; do 
  burn_cpu & 
 
  JOBS=`jobs | wc -l` 
  while [ "$JOBS" -ge "$parallel" ]; do 
    sleep 5 
    JOBS=`jobs | wc -l` 
  done 
done 

WithDBRMdisabled,ourtestsessionsputaheavyloadontheCPU.Outputfromthetopcommand
shows26runningprocessesanduserCPUtimeat80.8%:

top - 22:20:14 up 10 days,  9:38, 13 users,  load average: 13.81, 22.73, 25.98 
Tasks: 1233 total,  26 running, 1207 sleeping,   0 stopped,   0 zombie 
Cpu(s): 80.8%us,  4.4%sy,  0.0%ni, 14.7%id,  0.0%wa,  0.0%hi,  0.1%si,  0.0%st 

Step4:CheckConsumerGroupAssignments
Let’stakealookatoursession-to-consumergroupmappings.WhenDBRMisinactive,sessionswill

shownoconsumergroupassignment.ThisisanotherwaytoverifythatResourceManagerisnotactive.

SYS:SCRATCH> SELECT s.username, s.resource_consumer_group, count(*) 
               FROM v$session s, v$process p 
              WHERE ( (s.username IS NOT NULL) 
                AND (NVL (s.osuser, 'x') <> 'SYSTEM') 
                AND (s.TYPE <> 'BACKGROUND') ) 
                AND (p.addr(+) = s.paddr) 
                AND s.username not in ('SYS','DBSNMP') 
              GROUP BY s.username, s.resource_consumer_group  
              ORDER BY s.username; 
 
USERNAME             RESOURCE_CONSUMER_GROUP             COUNT(*) 
-------------------- -------------------------------- ----------- 
FRED                                                           20 
KOSBORNE                                                       20 
RJOHNSON                                                       21 
TPODER                                                         20 

Thequeryoutputshowsatotalof81sessions,consistingoftwentysessionsperuseraccount,plusone
interactiveRJOHNSONsessionthatwe’lltraceinthenextstep.Nosessionsarecurrentlymappedtothe
resourcegroups,becauseDBRMisinactive.

Step5:Start10046SessionTracefortheinteractiveRJOHNSONsession

Nowwe’llstarta10046tracefortheinteractiveRJOHNSONsessionsowecanseetheResourceManager
waiteventsthatwouldindicateDBRMisactivelyregulatingCPUforthissession.RememberthatDBRM
isstillinactive,soweshouldn’tseeanyResourceManagerwaiteventsinthetracefileyet.

RJOHNSON:SCRATCH> alter session set tracefile_identifier='RJOHNSON'; 
RJOHNSON:SCRATCH> alter session set events '10046 trace name context forever, level 12'; 
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Step6:ExecuteaQueryfromtheRJOHNSONSession

Next,we’llexecutealong-running,CPU-intensivequery,fromtheinteractiveRJOHNSONsession.Thisis
thesamequeryweusedfortheloadtestinStep3.

RJOHNSON:SCRATCH> select a.col2, sum(a.col1) 
                    from rjohnson.skew a,  
                         rjohnson.skew b 
                   group by a.col2; 

Step7:ExaminetheSessionTraceFile
Sinceourresourceplanisnotactiveyet,wedon’tseeanyResourceManagerwaiteventsinthetracefile
atthispoint.

[enkdb02:rjohnson:SCRATCH] 
> tail -5000f SCRATCH_ora_2691_RJOHNSON.trc | grep 'resmgr:cpu quantum' 

Step8:ActivateResourceManager

Now,whiletheloadtestisstillrunning,let’senableDBRMbysettingtheactiveresourceplantoour
DAYTIMEplan.Whentheresourceplanisactivated,ourresourcemappingrulesshouldengageandswitch
therunningsessionstotheirrespectiveconsumergroups.

SYS:SCRATCH> alter system set resource_manager_plan='DAYTIME'; 

Step9:CheckConsumerGroupAssignments

Now,let’srunthatqueryagainandseewhatourconsumergroupassignmentslooklike.

SYS:SCRATCH> SELECT s.username, s.resource_consumer_group, count(*) 
               FROM v$session s, v$process p 
              WHERE ( (s.username IS NOT NULL) 
                AND (NVL (s.osuser, 'x') <> 'SYSTEM') 
                AND (s.TYPE <> 'BACKGROUND') ) 
                AND (p.addr(+) = s.paddr) 
                AND s.username not in ('SYS','DBSNMP') 
              GROUP BY s.username, s.resource_consumer_group  
              ORDER BY s.username; 
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USERNAME             RESOURCE_CONSUMER_GROUP             COUNT(*) 
-------------------- -------------------------------- ----------- 
FRED                 OTHER_GROUPS                              20 
KOSBORNE             APPS                                      20 
RJOHNSON             REPORTS                                   20 
TPODER               MAINTENANCE                               21 

Ourusersessionsaremappingperfectly.Thequeryshowsthatallusersessionshavebeenswitched
totheirconsumergroupaccordingtothemappingruleswedefinedearlier.

Step10:ExaminetheSessionTraceFile

Now,let’stakeanotherlookatthesessiontracewestartedinstep2andwatchforDBRMwaitevents
(resmgr:cpu quantum).TheoutputfromthetracefileshowsthewaiteventsOracleusedtoaccountfor
thetimeourinteractiveRJOHNSONsessionspentintheDBRMexecutionqueue,waitingforitsturnonthe
CPU:

[enkdb02:rjohnson:SCRATCH] /home/rjohnson 
> clear; tail -5000f SCRATCH_ora_17310_RJOHNSON.trc | grep 'resmgr:cpu quantum' 
... 
WAIT #47994886847368: nam='resmgr:cpu quantum' ela= 120 location=2 consumer group id=78568  =0 
obj#=78574 tim=1298993391858765 
WAIT #47994886847368: nam='resmgr:cpu quantum' ela= 14471 location=2 consumer group id=78568  
=0 obj#=78574 tim=1298993391874792 
WAIT #47994886847368: nam='resmgr:cpu quantum' ela= 57357 location=2 consumer group id=78568  
=0 obj#=78574 tim=1298993391940561 
WAIT #47994886847368: nam='resmgr:cpu quantum' ela= 109930 location=2 consumer group id=78568  
=0 obj#=78574 tim=1298993392052259 
WAIT #47994886847368: nam='resmgr:cpu quantum' ela= 84908 location=2 consumer group id=78568  
=0 obj#=78574 tim=1298993392141914 
...  

Asyoucansee,theRJOHNSONusersessionisbeinggivenalimitedamountoftimeontheCPU.Theela=
attrbuteinthetracerecordsshowstheamountoftime(inmicroseconds)thatthesessionspentinthe
resmgr:cpu quantumwaitevent.Inthesnippetfromthetracefile,weseethattheRJOHNSONsessionwas
forcedtowaitforatotalof266,786microseconds,or.267CPUseconds.Notethattheoutputshownhere
representsaverysmallsampleofthetracefile.Therewereactuallythousandsofoccurrencesofthewait
eventinthetracefile.Thesumoftheelatimeinthesewaiteventsrepresentstheamountoftimethe
sessionwasforcedofftheCPUinordertoenforcetheallocationdirectivesintheDAYTIMEplan.

Step11:CheckDBRMMetrics

Andfinally,ifwelookattheV$RSRC_CONSUMER_GROUPview,wecanseethevariousmetricsthatOracle
providesformonitoringDBRM.Thesecountersareresetwhenanewresourceplanisactivated.Some
accumulateoverthelifeoftheactiveplan,whileothersareexpressedasapercentageandrepresenta
currentreading.
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Tip:TheV_$RSRCMGRMETRICandV_$RSRCMGRMETRIC_HISTORYviewsarealsoveryusefulformonitoringthe
effectsthatyourDBRMresourceallocationshaveonsessionsinthedatabase.

Table7-3showsthedefinitionsoftheCPU-relatedcolumnswe’reinterestedin.

Table 7-3. CPU-Related Columns in the V$RSRC_CONSUMER_GROUP View 

Column Description 

NAME Theresourcegroupname.

ACTIVE_SESSIONS Thenumberofactivesessionsintheconsumergroup.

EXECUTION_WAITERS Thenumberofactivesessionswaitingforatimesliceinwhichthey
canusetheCPU.

REQUESTS Thecumulativenumberofrequestsmadebysessionsinthe
consumergroup.

CPU_WAIT_TIME ThecumulativeamountoftimethatResourceManagermade
sessionsintheResourceGroupwaitforCPU.Thiswaittimedoes
notincludeI/Owaits,delaysfromqueueorlatchcontention,orthe
like.CPU_WAIT_TIMEisthesumoftheelapsedtimeallocatedtothe
resmgr:cpuquantumwaiteventfortheconsumergroup.

CPU_WAITS Thecumulativenumberoftimessessionsweremadetowait
becauseofresourcemanagement.

CONSUMED_CPU_TIME ThetotalamountofCPUtimeaccumulated(inmilliseconds)by
sessionsintheconsumergroup.

YIELDS Thecumulativenumberoftimessessionsintheconsumergroup
hadtoyieldtheCPUtoothersessionsbecauseofresource
management.

 

Thefollowinglistingisareportyoumayusetodisplaythemetricscollectedinthe
V$RSRC_CONSUMER_GROUPview.Thesemetricsareavaluabletoolfordeterminingtheeffectourresource
allocationshadontheconsumergroupsduringthetest.

col name                        format a12            heading "Name" 
col active_sessions             format 999            heading "Active|Sessions" 
col execution_waiters           format 999            heading "Execution|Waiters" 
col requests                    format 9,999,999      heading "Requests" 
col cpu_wait_time               format 999,999,999    heading "CPU Wait|Time" 
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col cpu_waits                   format 99,999,999     heading "CPU|Waits" 
col consumed_cpu_time           format 99,999,999     heading "Consumed|CPU Time" 
col yields                      format 9,999,999      heading "Yields" 
 
SELECT DECODE(name, '_ORACLE_BACKGROUND_GROUP_', 'BACKGROUND', name) name, 
       active_sessions, execution_waiters, requests,  
       cpu_wait_time, cpu_waits, consumed_cpu_time, yields 
  FROM v$rsrc_consumer_group 
ORDER BY cpu_wait_time; 
 
               Active Execution               CPU Wait         CPU      Consumed 
Name         Sessions   Waiters Requests          Time       Waits      CPU Time     Yields 
------------ -------- --------- -------- ------------- ----------- ------------- ---------- 
BACKGROUND         34         0       76             0           0             0          0 
APPS               30        13       30    87,157,739  11,498,286    47,963,809    365,611 
REPORTS            30        27       31   145,566,524   2,476,651    10,733,274     78,950 
MAINTENANCE        30        29       30   155,018,913   1,281,279     5,763,764     41,368 
OTHER_GROUPS       34        29      131   155,437,715   1,259,766     5,576,621     40,168 



InthisreportyoucanseehowResourceManagerallocatedCPUresourcestotheconsumergroups
accordingtoourplandirectives.NoticetheBACKGROUNDresourcegroup
(named_ORACLE_BACKGROUND_GROUP_).Databasebackgroundprocessesareassignedtothisspecialgroup.
Processesincludedinthisgroupincludepmon,smon,dbw,lgwr,andahostofotherfamiliarbackground
processesthatmanagethedatabase.Assigningperformance-criticalprocessestothisgroupistheway
ResourceManagerexcludesthemfromresourcemanagement.Forallotherconsumergroups,youcan
seethatResourceManagerforcedsessionstoyieldtheprocessorinordertodistributeCPUresources
accordingtoourresourcedirectives.ThenumberofyieldsandCPUwaitsareofinterest,butnotas
tellingastheCPUwaittimeandCPUtimeconsumed.ThepercentagesinFigure7-3showhowCPUand
waittimewereallocatedamongourconsumergroups.





Figure 7-3. DAYTIME resource plan allocation 
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AccordingtoResourceManager,theAPPSgroupconsumed68.48%ofthetotalCPUusedbyforeground
processes,whichisveryclosetothe70%weallocateditinourresourceplan.At15.33%,theREPORTS
groupwasalmostaperfectmatchtothe15%ourplancalledfor.TheMAINTENANCEgroupused8.23%,
whichwasalittlehighbutstillaverygoodfitwiththe7.5%wedefinedforit.TheOTHER_GROUPSused
7.63%CPU,whichagainwasnearlyaperfectmatchwithourplandirectiveof7.5%.Weshouldmention
thatatfirsttheallocationsinthisreportwerenotproportionedverycloselytotheallocationsinour
resourceplan.WehadtoletthestresstestrunforseveralminutesbeforeDBRMwasabletogetthe
numbersfine-tunedtothelevelsweseeinFigure7-3.

Note:InordertogetCPUutilizationtolineupwiththeresourceplan,eachconsumergroupmustbefully
capableofutilizingitsallocation.GettingamatchbetweenCPUutilizationandconsumergroupCPUallocationis
furthercomplicatedbymulti-levelresourceplansandthewayResourceManagerredistributesunconsumedCPU
tootherconsumergroups.Multi-levelresourceplansarenotcommoninreal-worldsituations.Mostofthetime,
simplesingle-levelresourceplansaresufficient(andmucheasiertomeasure).

Inconclusion,eventhoughthetestresultsshowminorvariancesbetweenCPUallocatedinourplan
directivesandCPUutilizationreported,youcanseethatDBRMwas,infact,managingCPUresources
accordingtoourplan.Thetestalsoverifiedthatusersessionsproperlyswitchedtotheirrespective
consumergroupsaccordingtoourmappingruleswhentheresourceplanwasactivated.

DatabaseResourceManagerhasbeenavailableforanumberofyearsnow.Itisaveryelegant,
complex,andeffectivetoolformanagingtheserverresourcesthataretheverylifebloodofyour
databases.Unfortunately,inourexperience,itisrarelyused.Thereareprobablyseveralreasonsforthis.
DBAsarecontinuallybarragedbycomplaintsthatqueriesruntoolongandapplicationsseemsluggish.
Weareoftenreluctanttoimplementanythingthatwillslowanyonedown.Thisisoftencompounded
whenmultipleorganizationswithinthecompanysharethesamedatabaseorserver.Itisadifficulttask
toaddressprioritieswithinacompanywhereitcomestodatabaseperformance;andthedecisionis
usuallyoutofthecontrolofDBAs,whoareresponsibleforsomehowpleasingeveryone.Soundfamiliar?
Oursuggestionwouldbetostartsmall.Separatethemostobviousgroupswithinyourdatabaseby
priority.Prioritizingad-hocqueriesfromOLTPapplicationswouldbeagoodplacetostart.Witheach
stepyouwilllearnwhatworksanddoesn’tworkforyourbusiness.Sostartsmall.Keepitsimple,and
implementresourcemanagementinsmall,incrementalsteps.

Instance Caging 
WhileResourceManagerplandirectivesprovisionCPUusagebyconsumergroupwithinthedatabase,
instance cagingprovisionsCPUatthedatabaseinstancelevel.Withoutinstancecaging,theoperating
systemtakessoleresponsibilityforschedulingprocessestorunontheCPUsaccordingtoitsown
algorithms.Foregroundandbackgroundprocessesamongalldatabasesinstancesarescheduledonthe
CPUswithoutrespecttobusinesspriorities.Withoutinstancecaging,sessionsfromonedatabasecan
monopolizeCPUresourcesduringpeakprocessingperiodsanddegradeperformanceofotherdatabases
ontheserver.Conversely,processesrunningwhentheloadonthesystemisverylighttendtoperform
dramaticallybetter,creatingwideswingsinresponsetimefromonemomenttothenext.Instance
cagingallowsyoutodynamicallysetanabsolutelimitontheamountofCPUadatabasemayuse.And
becauseinstancecagingenforcesamaximumlimitontheCPUavailabletotheinstance,ittendsto
smoothoutthosewideperformanceswingsandprovidemuchmoreconsistentresponsetimestoend
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users.Thisisnottosaythatinstancecaginglocksthedatabaseprocessesdownonaspecificsetof
physicalCPUcores(atechniquecalledCPU affinity);allCPUcoresarestillutilizedbyalldatabase
backgroundandforegroundprocesses.Rather,instancecagingregulatestheamountofCPUtime(%of
CPU)adatabasemayuseatanygiventime.

InstancecagingalsosolvesseverallessobviousproblemscausedbyCPUstarvation.Someinstance
processesarecriticaltooverallhealthandperformanceoftheOracledatabase.Forexample,ifthelog
writerprocess(LGWR)doesn’tgetenoughtimeontheprocessor,thedatabasecansufferdramatic,
system-widebrownoutsbecausealldatabasewriteactivitycomestoascreechingahaltwhileLGWRwrites
criticalrecoveryinformationtotheonlineredologs.InsufficientCPUresourcescancausesignificant
performanceproblemsandstabilityissuesifProcessMonitor(PMON)cannotgetenoughtimeonthe
CPU.ForRACsystems,theLockManagementServer(LMS)processcanevencausesporadicnode
evictionsduetoCPUstarvation,(we’veseenthisoneanumberoftimes).

Note:Clusterwarewasheavilyupdatedinversion11.2(andrenamedGridInfrastructure).Accordingtoour
Oraclesources,CPUstarvationleadingtonodeevictionisrarelyanissueanymorethankstochangesin11.2.

InstancecagingdirectlyaddressesCPUprovisioningformultitenantdatabaseenvironments,
makingitaveryusefultoolfordatabaseconsolidationefforts.Forexample,let’ssayyouhavefour
databases,eachrunningonaseparateserver.TheseserverseachhavefouroutdatedCPUs,so
consolidatingthemontoanewserverwith16brand-newCPUcoresshouldeasilyprovideperformance
thatisatleastonparwithwhattheycurrentlyhave.Whenyoumigratethefirstdatabase,theendusers
areecstatic.Queriesthatusedtorunforanhourbegincompletinginlessthan15minutes.Youmove
theseconddatabase,andperformanceslowsdownabitbutisstillmuchbetterthanitwasontheold
server.Thequeriesnowcompleteinalittlelessthan30minutes.Asyouproceedtomigratethe
remainingtwodatabases,performancedeclinesevenfurther.Toaggravatethesituation,younowfind
yourselfwithmixedworkloadsallcompetingforthesameCPUresourcesduringpeakperiodsoftheday.
Thisisacommonthemeindatabaseconsolidationprojects.Performancestartsoffgreat,butdeclinesto
apointwhereyouwonderifyou’vemadeabigmistakebringingseveraldatabasestogetherunderthe
sameroof.Andevenifoverallperformanceisbetterthanitwasbefore,theperceptionofthefirstclients
tobemigratedisthatitisactuallyworse,especiallyduringpeakperiodsoftheday.Ifyouhadused
instancecagingtosettheCPUlimitforeachdatabasetofourcoreswhentheyweremoved,response
timeswouldhavebeenmuchmorestable.

ConfiguringandTestingInstanceCaging
Configuringinstancecagingisverysimple.ActivatingaresourceplanandsettingthenumberofCPU
coresareallthatisrequired.Recallthattheactiveresourceplanissetusingthedatabaseparameter
RESOURCE_PLAN.ThenumberofCPUsissetusingtheCPU_COUNTparameter,whichdeterminesthenumber
ofCPUstheinstancemayuseforallforegroundandbackgroundprocesses.Bothparametersare
dynamic,soadjustmentscanbemadeatanytime.Infact,schedulingthesechangestooccur
automaticallyisaveryusefulwaytoadjustdatabaseprioritiesatvarioustimesofthedayorweek
accordingtotheneedsofyourbusiness.Forexample,month-endandyear-endprocessingarecritical
timesforaccountingsystems.Ifyourdatabaseserverisbeingsharedbymultipledatabases,allocating
additionalprocessingpowertoyourfinancialdatabaseduringheavyprocessingcyclesmightmakealot
ofsense.
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Now,let’stakealookatinstancecaginginaction.Forthisexamplewe’lluseourSCRATCHandSNIFF
databasestodemonstratehowitworks.Thesearestandalone(non-RAC)databasesrunningonan
ExadataV2databaseserverwithtwoquadcoreCPUs.TheNehalemchipsetishyper-threaded,sothe
databaseactually“sees”16virtualcores(orCPUthreads),asyoucanseeinthefollowinglisting.

SYS:SCRATCH> show parameter cpu_count 
 
NAME                              TYPE        VALUE 
--------------------------------- ----------- ------------------------------ 
cpu_count                         integer     16   

Note:ManyCPUchipsetstodayimplementhyper-threading.WhenaCPUuseshyper-threading,eachCPU
threadisseenbytheoperatingsystem(andsubsequentlyOracledatabaseinstances)asaseparateCPU.Thisis
whytwoquadcorechipsappearas16CPUs,ratherthantheexpected8.ExadataV2,X2,andX2-8modelsfeature
chipsetsthatemployhyper-threading,soforpurposesofourdiscussion,wewillusethetermsCPU coreandCPU 

threadssynonymously.

We’llbeusingthebuilt-inresourceplan,DEFAULT_PLAN,forthesetests.Figure7-4showstheCPU
resourceallocationforthisplan.Notethatunderthedefault_plan,allusersotherthanSYSandSYSTEM
willbemappedtotheOTHER_GROUPSresourcegroup.

SYS:SCRATCH> show parameter resource_plan 
 
NAME                              TYPE        VALUE 
--------------------------------- ----------- ------------------------------ 
resource_manager_plan             string      DEFAULT_PLAN 
 



Figure 7-4. DEFAULT_PLAN resource allocation 

Forthistest,we’llusethesamescriptweusedfortestingourDBRMresourceplansintheprevious
section.Again,theburn_cpu.shscriptwithaparameterof20willspinup20concurrentsessions,each
runningthetestquery.ThisshoulddrivetheCPUutilizationuptoapproximately80%.Oncethe
sessionsarerunning,we’llusethetopcommandtoseetheeffectinstancecaginghasontheserverCPU
load.Let’sstartoutbygettingabaseline.Todothis,we’llrunthetestwithinstancecagingandResource
Managerturnedoff.RecallthatthesetestsarerunningonaquarterrackExadataV2,whichisconfigured
withtwoquad-corehyper-threadedCPUs.SothedatabaseinstancesseeaCPU_COUNTof16.
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> burn_cpu.sh kosborne x 20 
 
top - 18:48:11 up 2 days,  6:53,  4 users,  load average: 15.91, 5.51, 2.09 
Tasks: 903 total,  25 running, 878 sleeping,   0 stopped,   0 zombie 
Cpu(s): 82.9%us,  1.8%sy,  0.0%ni, 15.1%id,  0.0%wa,  0.1%hi,  0.2%si,  0.0%st 

Asyoucansee,runningtheburn_cpu.shscriptdrovetheCPUusageupfromarelativelyidle0.3%,
to82.9%,with25runningprocesses.Now,let’sseewhathappenswhenweresetthecpu_countto8,
whichis50%ofthetotalCPUontheserver.Noticethatthenumberofrunningprocesseshasdropped
from25to10.TheCPUtimeinuserspacehasdroppedto46.1%,justoverhalfofwhatitwas.

SYS:SCRATCH> alter system set cpu_count=8; 
 
top - 19:15:10 up 2 days,  7:20,  4 users,  load average: 4.82, 5.52, 8.80 
Tasks: 887 total,  10 running, 877 sleeping,   0 stopped,   0 zombie 
Cpu(s): 46.1%us,  0.7%sy,  0.0%ni, 52.3%id,  0.8%wa,  0.0%hi,  0.1%si,  0.0%st 

Now,we’llsettheCPU_COUNTparameterto4.Thatishalfoftheprevioussetting,soweshouldseethe
CPUutilizationdropbyabout50%.Afterthat,we’lldroptheCPU_COUNTto1toillustratethedramatic
effectinstancecaginghasondatabaseCPUutilization.NoticethatwhenwesetthenumberofCPUsto
4,ourutilizationdroppedfrom46%to25%.Finally,settingCPU_COUNTto1furtherreducesCPU
utilizationto4.8%.

SYS:SCRATCH> alter system set cpu_count=4; 
 
top - 19:14:03 up 2 days,  7:18,  4 users,  load average: 2.60, 5.56, 9.08 
Tasks: 886 total,   5 running, 881 sleeping,   0 stopped,   0 zombie 
Cpu(s): 25.1%us,  0.8%sy,  0.0%ni, 74.1%id,  0.0%wa,  0.0%hi,  0.0%si,  0.0%st 
 
SYS:SCRATCH> alter system set cpu_count=1; 
 
top - 19:19:32 up 2 days,  7:24,  4 users,  load average: 4.97, 5.09, 7.81 
Tasks: 884 total,   2 running, 882 sleeping,   0 stopped,   0 zombie 
Cpu(s):  4.8%us,  0.8%sy,  0.0%ni, 94.0%id,  0.2%wa,  0.0%hi,  0.1%si,  0.0%st   

Thistestillustratedtheeffectofinstancecagingonasingledatabase.Nowlet’sconfiguretwo
databasesandseehowinstancecagingcontrolsCPUresourceswhenmultipledatabasesareinvolved.

Inthenexttwotestswe’lladdanotherdatabasetothemix.TheSNIFFdatabaseisidenticaltothe
SCRATCHdatabaseweusedintheprevioustest.Inthefirstofthenexttwotests,we’llrunabaselinewith
instancecagingturnedoffbysettingCPU_COUNTsetto16inbothdatabases.Thebaselinewillrun16
concurrentcopiesofthetestqueryoneachdatabase.We’llletitrunforafewminutesandthentakea
lookattheCPUutilizationofthesedatabasesaswellasthereadingsfromthetopcommand.Theactive
resourceplanforbothdatabasesissettoDEFAULT_PLAN,andCPU_COUNTissetto16.

[enkdb02:SCRATCH] > burn_cpu.sh kosborne x 16 
 
[enkdb02:SNIFF] > burn_cpu.sh kosborne x 16 

Figure7-5showsasummaryofoursecondtest.Eachline,representingasessionforegroundprocess,
showsthepercentageofoneCPUcore.Thisissummedanddividedby16(CPUcores)togetthe
percentageoftotalCPUconsumed.Asexpected,thedistributionofCPUbetweenourtwodatabasesis
approximatelyequalat44.6%and45.3%.LookingattheTotalConnectionCPU,wecanseethatthe
databasesaccountedforabout90%oftotalCPUtimefortheserver.



CHAPTER7RESOURCEMANAGEMENT

202

 

Figure 7-5. Test summary: two databases, instance caging turned off 

Thesourceforthedatareflectedinthissummarywascollectedasfollows:

% of 1 Core:IndividualprocessCPUfromthe%CPUcolumnfromthetopcommand.

% of Total CPU:Resultof%of1Core/16cores(CPUthreads).

User:Cpu(s): nn.nn%us fromthetopcommand.

Kernel:Cpu(s): nn.nn%syfromthetopcommand.

Idle:Cpu(s): nn.nn%idfromthetopcommand.

Total CPU:SumofUser,Kernel,andIdle.

Total Connection CPU:Sumof%ofTotalCPUforeachdatabase.

Total Other + Idle CPU: TotalCPU–TotalConnectionCPU.

SCRATCH %:%ofTotalCPU(SCRATCH)/TotalConnectionCPU.

SNIFF %:%ofTotalCPU(SNIFF)/TotalConnectionCPU.

The‘SCRATCH%’,and‘SNIFF%’numbersarewhatwe’reinterestedin.Theyrepresentthepercentage
oftotalCPUusedbyallsessionsineachofthesedatabases.Asyoucanseefromthesummary,the
databasesweresplitatapproximately50%each.
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Nowlet’srunthesameloadtestwithinstancecagingconfiguredfora75/25splitonthenumberof
coresassignedtoSCRATCHandSNIFFrespectively.Inthistest,SCRATCHgets12CPUs(75%of16cores),and
SNIFFgets4CPUs(25%of16cores).

SYS:SCRATCH> alter system set cpu_count=12; 
SYS:SNIFF> alter system set cpu_count=4; 

Figure7-6showstheresultsofoursecondtest.Thesplitisn’tperfect.Itisclosertoan80/20split.
NotcapturedinthesetestswastheamountofCPUconsumedbyallthedatabasebackgroundprocesses,
sothatmayaccountforthesomeofthedifference.ItisalsoimportanttounderstandthatOracle’s
ResourceManageroperatesintheuserspaceoftheO/Sprocessmodel,ratherthanthekernelspace.So
itcannotdirectlycontroltheamountofCPUaprocessconsumesinsidethekernel;itcanonlyinfluence
thisbythrottlingprocessesintheuserspace.Inoursummary,weseethattheSCRATCHdatabasesessions
consumed78.79%oftotalsessionCPU,whiletheSNIFFdatabaseused21.21%oftotalsessionCPU.Even
thoughthesplitisn’tperfect,itdoesshowthatinstancecagingmadeasolidefforttomanagethese
databasestothe75/25splitwedefined.Now,thisisnottosaythatinstancecaginglocksthedatabase
processesdownonaspecificsetofphysicalCPUcores.AllCPUcoresarestillutilizedbyalldatabase
backgroundandforegroundprocesses.Rather,instancecagingregulatestheamountofCPUtime(%of
CPU)adatabasemayuseatanygiventime.

 

 

Figure 7-6. Test summary: two databases, instance caging, 75% / 25% split 
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Over-Provisioning
Over-provisioningreferstothepracticeofallocatingmoreCPUstothedatabasesthanareactually
installedintheserver.Thisisusefulwhenyourserverhostsmultipledatabaseswithcomplementing
workloadschedules.Forexample,ifalltheheavyprocessingfortheSCRATCHdatabaseoccursatnight,
andtheSNIFFdatabaseisonlybusyduringDAYTIMEhours,itwouldn’tmakesensetoartificiallylimit
thesedatabasesto8CPUthreadseach(8×8).AbetterCPUallocationschememightbemoreonthe
orderof12×12.Thiswouldalloweachdatabasetofullyutilize12coresduringbusyperiods,whilestill
“reserving”4coresforoff-peakprocessingbytheotherdatabase.DBAswhoconsolidatemultiple
databasesontoasingleserverareawarethattheirdatabasesdon’tusetheirfullCPUallocation
(CPU_COUNT)allofthetime.Over-provisioningallowsunusedCPUtobeutilizedbyotherdatabasesrather
thansittingidle.Over-provisioninghasbecomeapopularwayofmanagingCPUresourcesinmixed
workloadenvironments.Obviously,over-provisioningCPUintroducestheriskofsaturatingCPU
resources.Keepthisinmindifyouareconsideringthistechnique.Besureyouunderstandtheworkload
schedulesofeachdatabasewhendeterminingthemostbeneficialCPUcountforeachdatabase.

InstancecaginglimitsthenumberofCPUcoresadatabasemayuseatanygiventime,allowing
DBAstoallocateCPUtodatabasesbasedontheneedsandprioritiesofthebusiness.Itdoesthisthrough
theuseoftheinstanceparameterCPU_COUNT.OurpreferencewouldhavebeentoallocateCPUbasedon
apercentageofCPUratherthenumberofcores.ThiswouldgivetheDBAmuchfiner-grainedcontrol
overCPUresourcesandwouldbeespeciallyusefulforserverenvironmentsthatsupportnumerous
databases.ButCPU_COUNTistightlycoupledwithOracle’sCostBasedOptimizer(CBO),whichusesthe
numberofCPUsforitsinternalcostingalgorithms.Itwouldn’tmakesensetoallowtheDBAtosetthe
percentageofprocessingpowerwithoutmatchingthatwiththevaluetheCBOusesforselectingoptimal
executionplans.Itprobablywouldhavebeenamuchmoredifficultefforttoimplementsuchachange
totheoptimizer.Bethatasitmay,instancecagingisapowerfulnewfeaturethatwe’vebeenwaitingfor,
foralongtimeandisamajoradvancementdatabaseresourcemanagement.

I/O Resource Manager 
EarlierinthischapterwediscussedOracle’sDatabaseResourceManager,whichmanagesCPU
resourceswithinadatabasethroughconsumergroupsandplandirectives.Sessionsareassignedto
resourcegroups,andplandirectivesmanagetheallocationofresourcesbyassigningvaluessuchasCPU
percentagetoresourcemanagementattributessuchasMGMT_P1..8.DBRM,however,islimitedto
managingresourceswithinthedatabase.

DBRMmanagesI/OresourcesinasomewhatindirectmannerbylimitingCPUandparallelism
availabletousersessions(throughconsumergroups).ThisisbecauseuntilExadatacamealong,Oracle
hadnopresenceatthestoragetier.ExadataliftsI/OResourceManagementabovethedatabasetierand
managesI/Oatthestoragecellinaverydirectway.DatabasesinstalledonExadatasendI/Orequeststo
cellsrvonthestoragecellsusingaproprietaryprotocolknownasIntelligentDatabaseprotocol(iDB).
UsingiDB,thedatabasepacksadditionalattributesineveryI/Ocalltothestoragecells.Thisadditional
informationisusedinanumberofways.Forexample,IORMusesthetypeoffile(redo,undo,datafile,
controlfile,andsoon)forwhichtheI/Owasrequestedtodeterminewhethercachingtheblocksinflash
cachewouldbebeneficialornot.ThreeotherattributesembeddedintheI/Orequestidentifythe
database,theconsumergroup,andtheconsumergroup’scategory.Thesethreesmallbitsofadditional
informationareinvaluabletoOracle’sintelligentstorage.Knowingwhichdatabaseismakingthe
requestallowsIORMtoprioritizeI/Orequestsbydatabase.Categoriesextendtheconceptofconsumer
groupsonExadataplatforms.Categoriesareassignedtoconsumergroupswithinthedatabaseusing
DatabaseResourceManager.Commoncategories,definedinmultipledatabases,canthenbeallocated
asharedI/Opriority.Forexample,youmayhaveseveraldatabasesthatmapusersessionstoan
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INTERACTIVEcategory.I/OrequestscomingfromtheINTERACTIVEcategorymaynowbeprioritizedover
othercategoriessuchasREPORTS,BATCH,orMAINTENANCE.

IORMprovidesthreedistinctmethodsforI/Oresourcemanagement:Interdatabase,Category,and
Intradatabase.Thesemethodsmaybeusedindividuallyorincombination.Figure7-7illustratesthe
relationshipofthesethreeI/Oresourcemanagementmethods.
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Figure 7-7. Three methods for I/O resource management 

Interdatabase IORM (Interdatabase Resource Plan):IORMdeterminesthepriority
ofanI/Orequestbasedonthenameofthedatabaseinitiatingtherequest.
InterdatabaseIORMisusefulwhenExadataishostingmultipledatabasesandyou
needtomanageI/Oprioritiesamongthedatabases.

IORM Categories (Category Resource Plan): IORMdeterminesthepriorityofan
I/Orequestamongmultipledatabasesbythecategorythatinitiatedtherequest.
ManagingI/ObycategoryisusefulwhenyouwanttomanageI/Oprioritiesby
workloadtype.Forexample,youcancreatecategorieslikeAPPS,BATCH,REPORTS,
MAINTENANCEineachofyourdatabasesandthensetanI/Oallocationforthese
categoriesaccordingtotheirimportancetoyourbusiness.IftheAPPScategoryis
allocated70%,thensessionsassignedtotheAPPScategoryinalldatabasesshare
thisallocation.

Intradatabase IORM (Intradatabase Resource Plan):UnlikeInterdatabaseand
CategoryIORM,IntradatabaseIORMisconfiguredatthedatabasetierusing
DBRM.DBRMhasbeenenhancedtoworkinpartnershipwithIORMtoprovide
fine-grainedI/Oresourcemanagementamongresourcegroupswithinthe
database.ThisisdonebyallocatingI/Opercentageandprioritytoconsumer
groupsusingthesamemechanismusedtoallocateCPU,theMGMT_Pnattribute.For
example,theSALESdatabasemaybeallocated50%usingInterdatabaseIORM.That
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50%maybefurtherdistributedtotheAPPS,REPORTS,BATCH,andOTHER_GROUPS
consumergroupswithinthedatabase.ThisensuresthatI/Oresourcesareavailable
forcriticalapplications,anditpreventsmisbehavingorI/O-intensiveprocesses
fromstealingI/Ofromhigher-prioritysessionsinsidethedatabase.

HowIORMWorks
IORMmanagesI/OatthestoragecellbyorganizingincomingI/Orequestsintoqueuesaccordingthe
databasename,category,orconsumergroupthatinitiatedtherequest.Itthenservicesthesequeues
accordingtotheprioritydefinedforthemintheresourceplan.IORMonlyactivelymanagesI/O
requestswhenneeded.Whenacelldiskisnotfullyutilized,cellsrvissuesI/Orequeststoit
immediately.Butwhenadiskisheavilyutilized,cellsrvinsteadredirectstheI/Orequeststothe
appropriateIORMqueuesandschedulesI/Ofromtheretothecelldiskqueuesaccordingtothepolicies
definedinyourIORMplans.Forexample,usingourSCRATCHandSNIFFdatabasesfromearlierinthis
chapter,wecoulddefinea75%I/OdirectivefortheSCRATCHdatabase,anda25%I/Odirectiveforthe
SNIFFdatabase.Whenthestoragecellshaveexcesscapacityavailable,theI/Oqueueswillbeservicedin
afirst-in-first-out(FIFO)manner.Duringoff-peakhours,thestoragecellswillprovidemaximum
throughputtoalldatabasesinaneven-handedmanner.Butwhenthestoragecellbeginstosaturate,the
SCRATCHqueuewillbescheduled75%ofthetime,andtheSNIFFqueuewillbescheduled25%ofthetime.
I/Orequestsfromdatabasebackgroundprocessesarescheduledaccordingtotheirrelativepriorityto
theforegroundprocesses(clientsessions).Forexample,whilethedatabasewriterprocesses(DBWn)are
givenpriorityequaltothatofforegroundprocesses,performancecriticalI/Orequestsfrombackground
processesthatmaintaincontrolfiles,andredologfilesaregivenhigherpriority.

Note:IORMonlymanagesI/Oforphysicaldisks.I/Orequestsforobjectsintheflashcacheoronflash-based
griddisksarenotmanagedbyIORM.

IORM Architecture 

Figure7-8illustratesthearchitectureofIORM.Foreachcelldisk,cellsrv(Cellserv)maintainsanIORM
queueforeachconsumergroup,andeachbackgroundprocess(high,medium,andlowpriority),for
eachdatabaseaccessingthestoragecell.BymanagingtheflowofI/OrequestsbetweentheIORM
queuesandthediskqueues,cellsrvprovidesveryeffectiveI/Oprioritizationatthestoragecells.I/O
requestssenttothestoragecellincludetagsthatidentifythedatabaseandtheconsumergroupissuing
therequest,aswellasthetypeofI/O(redo,controlfile,andsoon).Fordatabasesthatdonothavean
Intradatabaseresourceplandefined,foregroundprocessesareautomaticallymappedtotheconsumer
groupOTHER_GROUPS.Threeseparatequeuesaremaintainedforbackgroundprocessessothatcellsrv
mayprioritizeschedulingaccordingtothetypeofI/Orequest.Forexample,redoandcontrolfileI/O
operationsaresenttothehigh-priorityqueueforbackgroundprocesses.IORMschedulesI/Orequests
fromtheconsumergroupqueuesaccordingtotheI/OdirectivesinyourIORMPlan.
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Figure 7-8. IORM architecture 

Limiting Excess I/O Utilization 

Ordinarily,whenexcessI/Oresourcesareavailable(allocatedbutunusedbyotherconsumergroups),
IORMallowsaconsumergrouptousemorethanitsallocation.ForexampleiftheSCRATCHdatabaseis
allocated60%atlevel1,itmayconsumeI/Oresourcesabovethatlimitifotherdatabaseshavenotfully
utilizedtheirallocation.YoumaychoosetooverridethisbehaviorbysettinganabsolutelimitontheI/O
resourcesallocatedtospecificdatabases.ThisprovidesmorepredictableI/Operformanceformulti-
tenantdatabaseserverenvironments.TheLIMITIORMattributeisusedtosetacapontheI/Oresources
adatabasemayuseevenwhenexcessI/Ocapacityisavailable.ThefollowinglistingshowsanIORM
planthatcapstheSCRATCHdatabaseat80%.

alter iormplan dbPlan=( - 
   (name=SCRATCH,   level=1, allocation=60, limit=80), - 
   (name=other,     level=2, allocation=100)) 

Bytheway,maximumI/Olimitsmayalsobedefinedattheconsumergrouplevel,byusingthe
MAX_UTILIZATION_LIMITattributeinyourDBRMresourceplans.
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Note:Inmostcases,asingle-levelI/Oresourceplanissufficient.AstheydowithDBRM,multi-levelIORM
resourceplansincreasethecomplexityofmeasuringtheeffectivenessofyourallocationscheme.

Whenusingmulti-levelallocationschemes,it’simportanttounderstandthatI/Oresourcesallocatedbutunusedby
adatabase,category,orconsumergrouponlevel1areimmediatelypassedtothenextlevel.Forexample,ifyou
havedatabasesAandBallocated70%/30%onlevel1,anddatabaseCisallocated100%atlevel2,thenif
databaseAusesonly50%ofitsallocation,theremaining20%ispassedtodatabaseC.DatabaseBcannot
capitalizeonI/OresourcesallocatedbutunusedbydatabaseA,becauseAandBareonthesamelevel.Thisisa
subtlebutimportantdistinctionofmulti-levelplans.Ifyouarenotcareful,youcanfindyourselfunintentionally
givingexcessI/Oresourcestolessimportantdatabasesatlowerlevelsratherthanmakingthoseresources
availabletoyourhigher-prioritydatabasesonlevel1.

Workload Optimization 

TooptimizeI/Operformance,IORMdistinguishesbetweensmallandlargeI/Orequests.Requestsless
than128Kinsize,typicallyassociatedwithOLTPtransactions,arecategorizedassmall(SM)requests.
Requests128Kinsizeorgreater,whicharegenerallyassociatedwithDWtransactions,arecategorizedas
large(LG)requests.ThedistinctionbetweensmallandlargeI/Orequestsisimportantbecausethe
algorithmsusedforoptimizinglow-latencyI/Orequests(smallrequests)andhigh-throughputI/O
requests(largerequests)arepolaropposites.ForOLTPtransactions,lowlatencyismostimportant.For
example,consideranenduserwaitingforaquickZIPcodesearchtopopulatethescreen.Toprovide
optimizedperformanceforlow-latencyrequests,largeI/Orequestsmustbemanagedinsuchawaythat
theydon’tfullyconsumetheI/Oresourcesofthestoragecell.Conversely,DWtransactionsrequirehigh
throughputtomaximizeperformance.TooptimizeI/Oforthroughput,thestoragecellmustservice
manyconcurrentlargeI/Orequestssothatitisfullyconsumed.Bycomparingthelarge(LG)andsmall
(SM)I/OrequestsintheIORMmetrics,youcandeterminewhetheryourdatabasesleanmoretowarda
DWworkloadoranOLTPworkload.Recently,OracleaddedanewattributetoIORM,knownasthe
optimizationobjective.ThisattributedeterminestheoptimizationmodeIORMwillusewhen
managingcelldiskI/Oqueues.TheoptionalvaluesfortheIORMobjectiveattributeareasfollows:

low_latency: Thissettingprovidesoptimizationforapplicationsthatareextremely
sensitivetoI/Olatency.ItprovidesthelowestpossibleI/Olatencies,by
significantlylimitingdiskutilization.Inotherwords,throughput-hungry
applicationswillbesignificantly(negatively)impactedbythisoptimization
objective.

high_throughput: ThissettingprovidesthebestpossiblethroughputforDW
transactions,byattemptingtofullyutilizetheI/Ocapacityofthestoragecells.Itis
theoppositeoflow_latencyandassuch,itwillsignificantly(negatively)impact
diskI/Olatency.

Balanced: Thissettingattemptstostrikeabalancebetweenlowlatencyandhigh
throughput.ThisisdonebylimitingdiskutilizationforlargeI/Ooperationstoa
lesserdegreethanthelow_latencyobjectivedescribedabove.Usethisobjective
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whenworkloadsaremixedandyouhavenoapplicationsthatrequireextremely
lowlatency.

Auto: ThissettingallowsIORMtodeterminethebestoptimizationobjectivefor
yourworkload.Cellsrvcontinuouslymonitorsthelarge/smallI/Orequestsand
appliestheoptimizationmethodonabest-fitbasis.If75%ormoreoftheI/O
operationsfromaconsumergrouparesmallI/O(lessthan128K),thenitis
consideredtobealatency-orientedconsumergroupandismanagedaccordingly.

ThedefaultsettingforanIORMplanobjectiveis‘’(anemptystring).Theobjectivemaybesetusingthe
CellCLIalter iormplan objective objectivecommandasfollows:

CellCLI> alter iormplan objective = low_latency 
IORMPLAN successfully altered 
 
CellCLI> list iormplan attributes objective 
         low_latency 

MethodsforManagingI/OonExadata
Asintroducedearlier,therearethreemethodsformanagingI/OontheExadataplatform:Interdatabase
IORM,CategoryIORM,andIntradatabaseIORM.AllthreeaddressspecificneedsformanagingI/O.
InterdatabaseIORMallocatesI/Oresourcesbydatabasename,CategoryIORMallocatesI/Oresources
bycommoncategoriesamongdatabases,andIntradatabaseIORMmanagesI/Owithinthedatabase
usingDBRMresourcegroups.YoucanchoosetouseanyoneofthemethodsformanagingyourI/O
resources,oryoucombinethemtoimplementamoresophisticatedresourceplan.Whenthesemethods
areusedtogether,OracleschedulesI/Ointhefollowingorder:1)allocationamongcategories,2)
allocationamongdatabases,and3)allocationamongconsumergroupswithineachcategorywithin
eachdatabase.We’llshowhowallthisworksalittlelater.

Interdatabase I/O Resource Management 

InterdatabaseI/OresourcemanagementreferstotheIORMfeaturethatmanagesI/Opriorityamong
multipledatabasesbydatabasename.InterdatabaseIORMallocatesI/Oresourcesacrossmultiple
databasesbymeansofanIORMplanconfiguredoneachstoragecell.TheIORMplandefinesallocation
prioritiesusingI/Odirectives.EachstoragecellmanagesitsownI/OqueuesbasedonthelocalIORM
plandefinedinthecell.IORMplansshouldbeidenticalforallstoragecellsinthestoragegrid.Ifyou
havesplityourExadatastoragecellsintomultiplestoragegrids,thenIORMplansmaydifferfromgridto
grid,buttheyshouldstillbeidenticalamongstoragecellmemberswithineachstoragegrid.Wediscuss
configuringmultiplestoragegridsinChapter14.Figure7-9illustrateshowI/Oallocationpoliciesare
organizedwithintheIORMplan.





CHAPTER7RESOURCEMANAGEMENT

210

Database
Level 1 I/O
Allocation

Level 2 I/O
Allocation

Level 3 I/O
Allocation

SCRATCH 60%

80%

I/OResourcePlan

I/O
R

es
ou

rc
e

Di
re

ct
iv

es

100%

SNIFF

OTHER


Figure 7-9. Interdatabase IORM plan 

InFigure7-9,ourSCRATCHdatabase,thehighest-prioritydatabase,isguaranteed60%ofthetotalI/Oon
level1.Onlevel2,ourSNIFFdatabasetakesits80%sliceoftheremaining40%ofunallocatedI/Ofrom
level1.AnyunusedI/Ofromlevel1alsocascadesdowntolevel2.InadditiontoanyunconsumedI/O
fromlevels1and2,databasesonlevel3willequallysharetheunallocated16%oftotalI/O,(16%=80%×
20%).NotethatanydatabasesthatdonotexplicitlyappearintheactiveI/Oresourceplanwill
automaticallybeassignedtotheOTHERgroup.

ConfiguringInterdatabaseIORM

InterdatabaseI/OResourceManagerisconfiguredusinganIORMplan.Thisplandeterminesthe
databaseI/Oprioritiesforthestoragecell.IORMplansarecreatedusingtheCellCLIcommandALTER 
IORMPLAN.TherecanbeonlyoneIORMplanperstoragecell,regardlessofhowmanyASMinstances
(clusteredorsingleinstance)useitforstorage.CreatinganInterdatabaseIORMplanisfairlysimple.The
firststepistodeterminewhatyourallocationpolicyshouldbeforeachdatabase.Youwillusethese
allocationpoliciestodefinethedirectivesforyourIORMplan.TheLEVELattributespecifiestheprioritya
databaseshouldbegivenrelativetootherdatabasesintheplan.TheALLOCATIONattributedetermines
thepercentageofI/OadatabasewillbegivenoutofthetotalI/Oavailableonitslevel.Thefollowing
exampledemonstrateshowyoutocreateanIORMplantoimplementtheallocationpoliciesillustrated
inFigure7-9.

CellCLI> ALTER IORMPLAN - 
 dbPlan=( - 
   (name=SCRATCH,   level=1, allocation=60), - 
   (name=SNIFF,     level=2, allocation=80), - 
   (name=other,     level=3, allocation=100)) 
 
IORMPLAN successfully altered 
 
TheCellCLIcommandlist iormplan detaildisplaysournewIORMplan.NoticethatthecatPlan
attributeisempty.ThisisaplaceholderfortheCategoryIORMplanwe’llbelookinginthenexttopic.
 
CellCLI> list iormplan detail 
         name:                   enkcel01_IORMPLAN 
         catPlan: 
         dbPlan:                 name=SCRATCH,level=1,allocation=60 
                                 name=SNIFF,level=2,allocation=80 
                                 name=other,level=3,allocation=100 
         status:                 inactive 
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Theaggregateallocationforalldatabasesonalevelmaynotexceed100%.Ifthesumofallocationson
anylevelexceeds100%,CellCLIwillthrowanerror.Forexample,thefollowinglistingshowstheerror
CellCLIproduceswhenover100%isallocatedonlevel1:

CellCLI> ALTER IORMPLAN - 
 dbPlan=( - 
   (name=SCRATCH,   level=1, allocation=60), - 
   (name=SNIFF,     level=1, allocation=80), - 
  (name=other,  level=3, allocation=100)) 
 
CELL-00006: IORMPLAN contains an invalid allocation total. 
 
BeforeourInterdatabaseIORMPlancanmanageI/Oresources,itmustbeactivatedusingtheCellCLI
commandALTER IORMPLAN ACTIVE.Fornow,we’llleaveitturnedoff.Later,inthe“UnderstandingIORM
Metrics”sectionofthechapter,we’lltestourInterdatabaseIORMPlananddiscusshowtheeffectsof
IORMcanbemonitoredatthestoragecells.

Category IORM 

TheI/OResourceManager(IORM)extendstheconceptofresourcegroupswithanewattributeknown
asacategory.WhileresourcegroupsallowDBRMtomanageresourceswithinadatabase,categories
provideI/Oresourcemanagementamongmultipledatabases.Forexample,supposeourtwodatabases
(SCRATCHandSNIFF)havesimilarworkloads.TheybothhostOLTPapplicationsthatdoshort,time-
sensitivetransactions.Duringbusinesshours,thesetransactionsmusttakepriority.Thesedatabases
alsodoafairamountofbatchprocessing,suchasrunningreportsandmaintenancejobs.Thebatch
processingtakesalowerpriorityduringbusinesshours.Thesetwoworkloadscanbemanagedand
prioritizedusingIORMcategories.ThecategoriesAPPS_CATEGORYandBATCH_CATEGORYcanbedefinedin
bothdatabasesforhigh-priorityapplicationsandlong-running,lower-priorityactivities,respectively.If
APPS_CATEGORYisallocated70%onlevel1,thennomatterhowheavilyloadedthestoragegridis,sessions
assignedtothiscategory,forbothdatabases,willbeguaranteedaminimumof70%ofallI/O.

ConfiguringCategoryIORM

SettingupCategoryIORMisfairlystraightforward.Onceyou’vecreatedyourDBRMconsumergroups,
youwillcreatecategoriesinthedatabaseandassignthemtoyourconsumergroups.Thefinalstepisto
createanIORMplaninthestoragecellstoestablishI/Oallocationandpriorityforeachcategory.You
candefineasmanyaseightlevelsinyourCategoryIORMPlan.Figure7-10illustratestherelationship
betweenconsumergroups,categories,andtheCategoryIORMPlan.
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Figure 7-10. IORM resource management by category 

Forthisexercise,we’llcreatetwonewcategories,APPS_CATEGORY,andBATCH_CATEGORY,andassign
themtotheAPPS,REPORTS,andMAINTENANCEresourcegroupswecreatedearlierinthechapter.The
followinglistingcreatesournewcategoriesandassignsthemtotheresourcegroups.Rememberthat
youwillneedtorunthesecommandsonalldatabasesparticipatingintheIORMCategoryPlan.For
illustrationpurposes,we’llkeepthenumberofcategoriestotwo.TheREPORTSandMAINTENANCEresource
groupswillbeassignedtothecategoryBATCH_CATEGORY.

BEGIN 
  dbms_resource_manager.clear_pending_area(); 
  dbms_resource_manager.create_pending_area(); 
 
  -- Create Categories -- 
  dbms_resource_manager.create_category( 
     category => 'APPS_CATEGORY', 
     comment  => 'Category for Interactive Applications'); 
  dbms_resource_manager.create_category( 
     category => 'BATCH_CATEGORY', 
     comment  => 'Reports & Maintenance Jobs'); 
 
  -- Assign Consumer Groups to Categories -- 
  dbms_resource_manager.update_consumer_group( 
     consumer_group => 'APPS', 
     new_category   => 'APPS_CATEGORY'); 
  dbms_resource_manager.update_consumer_group( 
     consumer_group => 'REPORTS', 
     new_category   => 'BATCH_CATEGORY'); 
  dbms_resource_manager.update_consumer_group( 
     consumer_group => 'MAINTENANCE', 
     new_category   => 'BATCH_CATEGORY'); 
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  dbms_resource_manager.submit_pending_area(); 
END; 
/ 
 
PL/SQL procedure successfully completed. 

Tocheckyourresource-group-to-categorymappings,querytheDBA_RSRC_CONSUMER_GROUPSviewas
follows.NoticethattheOTHER_GROUPSconsumergroupwasassignedtotheOTHERcategory.Thatmapping
iscreatedautomaticallybyOracleandcannotbealtered.

SYS:SCRATCH> SELECT consumer_group, category 
               FROM DBA_RSRC_CONSUMER_GROUPS 
              WHERE consumer_group  
                 in ('APPS','REPORTS','MAINTENANCE','OTHER_GROUPS') 
              ORDER BY category; 
 
CONSUMER_GROUP                 CATEGORY 
------------------------------ ------------------------------ 
APPS                           APPS_CATEGORY 
REPORTS                        BATCH_CATEGORY 
MAINTENANCE                    BATCH_CATEGORY 
OTHER_GROUPS                   OTHER 

NowwecancreateanewCategoryIORMPlanonthestoragecellsandsetI/Olimitsonthesecategories.
Beforewedo,though,we’lldroptheInterdatabaseIORMPlanwecreatedinthepreviousexample.
RememberthateachstoragecellmaintainsitsownIORMplan,soyouwillneedtorunthesecommands
oneverycellinyourstoragegrid.

CellCLI> alter iormplan dbplan= '' 
 
IORMPLAN successfully altered 

Nowwe’rereadytocreateourCategoryIORMPlan.Thefollowingcommandcreatesaplaninwhich
APPS_CATEGORYandBATCH_CATEGORYareallocated70%and30%,respectively,ofthetotalCellI/Oatlevel
1.Thedefaultcategory,OTHER, isallocated100%onlevel2.

 
CellCLI> alter iormplan catplan=(                  - 
  (name=APPS_CATEGORY,    level=1, allocation=70), - 
  (name=BATCH_CATEGORY,   level=1, allocation=30), - 
  (name=OTHER,            level=2, allocation=100) - 
) 
 
IORMPLAN successfully altered 

Again,we’llusetheCellCLIcommandlist iorm detailandconfirmthatourCategoryIORMPlan
isconfiguredthewaywewantit:



CellCLI> list iormplan detail 
         name:                   enkcel01_IORMPLAN 
         catPlan:                name=APPS_CATEGORY,level=1,allocation=70 
                                 name=BATCH_CATEGORY,level=1,allocation=30 
                                 name=OTHER,level=2,allocation=100 
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         dbPlan: 
         status:                 inactive 

BecausewedroppedtheInterdatabaseplanfromthepreviousexercise,thedbPlanfieldisempty.
We’llreinstallthatplanagainwhenwearereadytotestourresourceplans.NotethattheIORMPlanis
inactive.We’llleaveourCategoryPlaninactivefornow.Later,intheIORMmetricssectionofthe
chapter,we’lltestourCategoryIORMPlananddiscusshowtheeffectsofIORMcanbemonitoredatthe
storagecells.

Intradatabase IORM 
InthecaseofInterdatabaseI/Oresourcemanagement,cellsrvidentifiesI/Orequestsbyatag
containingthedatabasenameissuingtherequest.CategoryI/Oresourcemanagementworksina
similarway,usingatagintheI/Orequesttoidentifythecategoryissuingtherequest.Thethird,and
final,typeofI/OresourcemanagementavailableontheExadataplatformisIntradatabaseIORM.
IntradatabaseI/OresourcemanagementisconfiguredineachdatabaseusingDBRM’smanagement
attributes,MGMT_P1..8.YoumayrecallfromearlierinthechapterthattheMGMT_Pnattributesarewhat
DBRMusestomanageCPUresources.DBRMusesCPUallocationdirectivestodefineprioritiesamong
consumergroupswithinthedatabase.BytyingI/OallocationstoCPUallocations,IORMcarriesforward
theseprioritiestothestoragelayer,thusmaintainingaconsistentprovisioningschemeforboth.

ConfiguringIntradatabaseIORM

IntradatabaseIORMisnotterriblydifficulttoimplement.Infact,inamannerofspeaking,wehave
alreadydoneso.IntheDBRMsectionofthischapter,wecreatedconsumergroups,resourceplans,and
plandirectivesthatmanagedCPUresourceswithintheSCRATCHdatabase.OntheExadataplatform,
whenaDBRMresourceplanisactivated,thedatabasetransmitsadescriptionoftheplan,including
MGMT_Pndirectives,toallcellsinthestoragegrid.Thisalsohappensanytimecellsrvisstartedonthe
storagecells.Sowhetheryou’reinstallinganewcellintothestoragegrid,rebootingacell,orbouncing
cellsrvservices,yourIntradatabaseresourceplanwillbepushedtothecellautomatically.IfIORMis
activeonthecell,itwillgenerateanIntradatabasePlanandbeginmanagingI/Oprioritiesaccordingto
yourresourcedirectives.Figure7-11illustratestheprocessofconfiguringandactivatingIntradatabase
IORM.
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Figure 7-11. An Intradatabase I/O resource plan 

InFigure7-11,weseethecallstoDBMS_RESOURCE_MANAGERthatcreatedourresourceplanand
plandirectivesfortheSCRATCHandSNIFFdatabases.ThesedirectivesareusedtoassignCPUandI/O
allocationfortheresourcegroupsAPPS,REPORTS,MAINTENANCE,andOTHER_GROUPS.WhentheDAYTIMEplan
isactivated,itsdefinitionissenttocellsrvonthestoragecells.Whencellsrvreceivestheresource
plan,itgeneratesanIntradatabaseIORMPlan,configuresI/Oqueuesforeachconsumergroup,and
beginstomanageI/Oresources.

BringingItAllTogether
Asdiscussedearlier,eachofthethreeIORMmanagementmethodsmaybeusedindividuallyorin
combination.Let’stakealookathowallthreemethodsworktogethertomanageI/O.Now,thisisthe
partwhereyourcollegeaccountingprofessorwouldsay“eachlessonbuildsonthelast,soifyouskipped
classlastweek,youmayfeelalittlelosttoday.”Inthisexercise,we’llbeusingalloftheelementsof
DBRMandIORMwe’vediscussedinthischapter.Toavoidconfusionandsaveyouthetroubleof
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thumbingthroughthepagesyou’vealreadyread,Table7-4showsasummaryofhowwe’veconfigured
OracleResourceManagerfortheSCRATCHandSNIFFdatabasesinthischapter.

Table 7-4. Summary of DBRM / IORM Resource Allocation 

I/O Management Type Allocation Assignment 

Category IORM 

Categories 

 APPS_CATEGORY

 BATCH_CATEGORY

 OTHER 





70%atlevel1

30%atlevel1

100%atlevel3



Consumer Groups 

 APPS

 REPORTS,MAINTENANCE

 OTHER_GROUPS

Interdatabase IORM 

Databases 

 SCRATCH

 SNIFF

 OTHER 





60%atlevel1

80%atlevel2

100%atlevel3



Databases 

 SCRATCH

 SNIFF

 Allothers

Intradatabase IORM 

Consumer Groups 

 APPS

 REPORTS

 MAINTENANCE

 OTHER_GROUPS





70%atlevel1

50%atlevel2

50%atlevel3

50%atlevel3



User Accounts 

 KOSBORNE

 RJOHNSON

 TPODER

 Allotheruseraccounts


ThereisafixedorderofprecedencebetweenthethreeIORMmethodswe’vediscussed.AsI/O

requeststraversethelayersoftheIORMstack,theyaredividedandallocatedbythenextmethod.Atthe
topoftheIORMhierarchy,100%ofI/Oresourcesareavailablebecausethestoragecellisnotsaturated
byI/Orequests.ThenextlevelofthehierarchyisCategoryIORM,whichallocatesI/Oata70/30split
betweenthecategoriesAPPS_CATEGORYandBATCH_CATEGORY(atlevel1).AnyunconsumedI/Obetween
thesetwogroupsisavailabletotheOTHERcategoryatlevel2.

NextintheIORMhierarchyistheInterdatabasePlan.Atthedatabaselevel,the70%allocatedtothe
APPS_CATEGORYcategoryisfurtherdivided,giving60%totheSCRATCHdatabaseonlevel1,and80%tothe
SNIFFdatabaseatlevel2.Anyotherdatabasereceives20%oftheunallocatedI/Ofromlevel2,aswellas
accesstoanyI/OthatwasnotconsumedbytheSCRATCHandSNIFFdatabasesonlevels1and2.

ThethirdandfinaltieroftheIORMhierarchyisIntradatabaseIORM.OurIntradatabaseplan
furtherdividesI/OallocationintothefourDBRMconsumergroupswecreatedinthedatabases.The
APPSconsumergroupgetstoppriorityat70%onlevel1.TheREPORTSgroupisallocated50%atlevel2.
MAINTENANCEandOTHER_GROUPSsharea50/50splitofI/Othatwasunallocatedorunconsumedatlevels1
and2.
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Now,thisisnottoimplythatallresourcemanagementmethodsmustbeconfiguredtogether.You
mayinsteadchoosetousejustoneofthemethods,oranycombinationoftwo,formanagingI/O.For
exampleifwehadconfiguredCategoryIORMalonethenasillustratedinFigure7-12,nofurther
restrictionofI/Oresourceswouldbeperformed.I/Oresourceswouldbesplitat70/30betweenthe
categories,APPS_CATEGORYandBATCH_CATEGORY.Similarly,youmaychoosetoimplementInterdatabase
IORMbyitself,inwhichcaseI/Owillbeallocatedstrictlyata60/80splitbetweensessionsintheSCRATCH
andSNIFFdatabases,respectively.Ifyouhaveonlyonedatabaseandneedtomanagediffering
workloads,thenIntradatabaseIORMisyouronlyoption.WhenIntradatabaseIORMisusedbyitself,I/O
ismanagedaccordingtoyourDBRMPlandirectivesalone.Figure7-12showshowI/Ocallsareallocated
astheyfilterthrougheachlayerofIORM.


No IORM

Interdatabase
IORM

Intradatabase
IORM

APPS
29.4%

APPS
15.68%

APPS
12.6%

APPS
6.72%

RPTS.
3.36%

RPTS.
2.7%

RPTS.
1.44%

RPTS.
6.3%

MAINT.
3.15%

MAINT.
1.68%

MAINT.
1.35%

MAINT.
0.72%

APPS_CATEGORY

70%

70%

70%

70%

50%

50%

70%

50%

50%

70%

50%

50%

50%

50%

60% 60%80% 80%

9.6%18%42%

SCRATCH SCRATCHSNIFF SNIFF

22.4%

30%

30%

BATCH_CATEGORY

All User IO
100%

Category
IORM



Figure 7-12. IORM method heirarchy 

InFigure7-12,allocationsforthedefaultconsumergroupOTHER_GROUPSandthedefaultcategoryOTHER
arenotshown,becauseofspaceconstraints.InFigures7-13,14,and15weseethecalculationsusedto
allocateI/OresourcesasshowninFigure7-12.TheOTHER_GROUPSconsumergroupandOTHERcategory
areshownherealongwiththeirallocation.Figures7-13through7-15showsatabularrepresentationof
theresourceplansalongwiththeirallocationpercentage.Alsodisplayedintheseexamplesarethe
formulasusedtocalculatetheallocation.



CHAPTER7RESOURCEMANAGEMENT

218



Figure 7-13. Category IORM calculations 



Figure 7-14. Interdatabase IORM calculations 
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Figure 7-15. Intradatabase IORM calculations 

IORMMonitoringandMetrics
I/OperformancemetricsarecollectedandmaintainedforIORMinthestoragecell.Thesemetrics

maybeusedtodeterminetheeffectsyourIORMplanhasonthedatabases,categories,andresource
groupresourcedirectivesyoudefinedinyourenvironment.Forexample,youcanseehowmuchI/Oa
particulardatabaseisusingcomparedtootherdatabases.ByobservingtheactualI/Odistributionfor
yourIORMconsumergroups,youcandeterminewhetheradjustmentsneedtobemadetoprovide
adequateI/Oresourcesforapplicationsusingyourdatabases.Inthissectionwe’lllookathowthese
metricsareorganizedandtapintothevaluableinformationstoredthere.

Understanding IORM Metrics 

WhenanIORMplanisdefinedinthestoragecell,cellsrvcreatesI/Oconsumergroupscorresponding
totheI/OdirectivesdefinedintheIntradatabase,Category,andIntradatabaseIORMPlans.For
example,thefollowingI/OconsumergroupswerecreatedinthestoragecellsfromourIORMplanfor
theSCRATCHandSNIFFdatabases:
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Interdatabase: SCRATCH,

 SNIFF  

 OTHER 

 

Category: APPS_CATEGORY

 BATCH_CATEGORY

 OTHER 

 

Intradatabase: APPS

 REPORTS

 MAINTENANCE

 OTHER_GROUPS 

  
Every60seconds,cellsrvcollectskeyperformancemetricsfromtheI/Oqueuesandstoresthemin

theMETRICCURRENTobject.Notethatwesaidobject,nottableorfile.CellsrvisaJavaprogram,writtenby
Javadevelopers,notSQLdevelopers.Sounfortunately,thesemetricsarenotstoredinthefamiliar
tabularformatDBAshavecometoknowandlove.Insteadoftables,columns,androws,thesemetrics
arestoredinobjectsandattributes.ThefollowinglistingshowsthestructureoftheMETRICCURRENTobject
alongwithafewsamplerecords.

CellCLI> describe metriccurrent 
        name 
        alertState 
        collectionTime 
        metricObjectName 
        metricType 
        metricValue 
        objectType 
 
CellCLI> LIST METRICCURRENT – 
        WHERE name = 'CT_IO_RQ_LG' – 
          AND objecttype = 'IORM_CATEGORY' - 
   ATTRIBUTES name, objecttype, metricObjectName, metricValue 
 
Name           objectType     metricObjectName  metricValue 
-------------- -------------- ----------------- ------------------- 
CT_IO_RQ_LG    IORM_CATEGORY  APPS_CATEGORY     0 IO requests      
CT_IO_RQ_LG    IORM_CATEGORY  BATCH_CATEGORY    16,079 IO requests 
CT_IO_RQ_LG    IORM_CATEGORY  OTHER             2,498 IO requests 
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Note:MetricsarecollectedforI/Orequeststoflashcache,flash-basedgriddisks,andphysicaldisks(grid
disks).However,IORMonlymanagesI/Oresourcesforphysicaldisks,sometricsforthephysicaldiskswillbethe
focusofthisdiscussion.

Whenanewcollectionisrun,theprevioussetofmetricsismovedtotheMETRICHISTORYobject,
whereitiskeptforaperiodoftime.Metrichistoryisretainedforthenumberofdaysspecifiedinthe
METRICHISTORYDAYS attributeofcell,(thedefaultis7days).Forexample,thenextlistingshowsthat
cellsrvwillmaintainarollinghistoryof7days.

CellCLI> list cell attributes name, metricHistoryDays 
         enkcel01        7 

Ifyoudeterminethat7daysisnotsufficienthistoryforyourneeds,youcanmodifytheretentionperiod
withtheCellCLIcommandalter cell.Thefollowinglistingshowshowyoucanchangetheretention
foryourstoragecellsto14days.

CellCLI> alter cell  metricHistoryDays='14' 
Cell enkcel01 successfully altered 
 
CellCLI> list cell attributes name, metricHistoryDays 
         enkcel01        14 

WorkloadManagement

IORMmetricsprovideinsightintohowcellsrvisallocatingI/Oresourcesamongtheconsumersinyour
storagegrid.CellsrvkeepstrackofI/Orequestsbroadlycategorizedas“smallrequests”and“large
requests.”Bycomparingthelarge(LG)andsmall(SM)I/OrequestsintheIORMmetrics,youcan
determinewhetheryourdatabasesleanmoretowardaDWworkload(highthroughput)oranOLTP
workload(lowlatency).OraclerecentlyaddedanewoptiontotheIORMplancalledobjectivethattells
IORMtooptimizethecelldiskI/Oqueuesforlowlatency,highthroughput,orsomethinginbetween.
TheIORMmetricIORM_MODEwasaddedtocapturetheobjectiveinuseduringthecollectionperiod.By
comparingtheIORM_MODEwiththeactualworkloadonyourstoragecells,youcandeterminewhetherthe
currentIORMobjectiveisappropriateornot.Forexample,ifyoufindthatamajorityofI/Ooperations
inthestoragecellsaregreaterthan128Kandthuslarge(LG),thenIORMshouldbesettooptimizefor
highthroughput(objective=high_throughput).Oracleusesathresholdof75%largeI/OwhentheIORM
objectiveissettoauto,sothatshouldgiveyouanideaofwhatismeantby“majority.”Formore
informationontheIORMobjectiveandpossiblesettings,refertotheWorkloadOptimizationsection
earlierinthischapter.TheIORM_MODEmetriccanbeobservedusingthefollowingCellCLIcommand.

CellCLI> list metriccurrent iorm_mode 
         IORM_MODE       enkcel01        0 

PossiblesettingsfortheIORM_MODEattributeareasfollows:

• 1,IORMobjectivewassettolow_latency,

• 2,IORMobjectivewassettobalanced

• 3,IORMmodewassettohigh_throughput
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AnIORM_MODErangingbetween1and2,orbetween2and3,indicatesthemodewaschangedduring
thepollingperiod.ItalsoindicatestheproximitytotheIORMobjective.Thismightoccur,forexample,if
theobjectivewassettoautoandduringthepollingperiodtheworkloadshiftedsignificantlyfromsmall
I/OrequeststolargeI/Orequests.BycomparingtheIORM_MODEmetricovertime,youcandeterminehow
volatileyourworkloadis.AconstantlychangingworkloadmaygiveinsightintowhereI/OResource
Managementisneededthemost.

Themetricswe’reinterestedinforIORMmonitoringhaveanobjectTypeofIORM_DATABASE,
IORM_CATEGORY,andIORM_CONSUMER_GROUP.Thesemetricsarefurtherorganizedbythenameattributein
theMETRICCURRENTobject.Thenameofthemetricisaconcatenationofabbreviationsthatindicatethe
typeofI/Oconsumergroup,thetypeofstoragedevice,andadescriptivename.Theelementsofthename
attributeappearasfollows:

{consumer_type}_{device type}_{metric} 

Whereconsumer_typerepresentstheIORMresourcegroupandisoneofthese:

DB=InterdatabaseIORMPlan

CT=CategoryIORMPlan

CG=IntradatabaseIORMPlan

Anddevice_typeisthetypeofstoragethatservicedtheI/Orequestandisoneofthefollowing:

FC=flashcache

FD=Flash-basedgriddisk

‘’=Ifneitheroftheabove,thenthemetricrepresentsI/Otophysicaldisks

Thelastpartoftheattribute,{metric},isthedescriptivenameofthemetric.Themetricnamemaybe
furtherqualifiedbySM’orLG,indicatingthatitrepresentssmallI/OrequestsorlargeI/Orequests.For
example:

CG_FC_IO_RQ_LG: ThetotalnumberoflargeI/Orequestsservicedfromflash
cache(FC),forDBRMconsumergroups.

CG_FD_IO_RQ_LG: ThetotalnumberoflargeI/Orequestsservicedfromflash-
basedgriddisks(FD),forDBRMconsumergroups.

CG_IO_RQ_LG: ThetotalnumberoflargeI/Orequestsservicedfromphysicaldisks
(griddisks),forDBRMconsumergroups.

Table7-5describeseachoftheIORMconsumergroupperformancemetricscapturedbycellsrvusing
theseabbreviations.
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Table 7-5. Description of the Name Attribute of IORM METRICCURRENT 

Name Description 

{CG, CT, DB}_IO_BY_SEC MegabytespersecondscheduledforthisI/Oconsumer.

{CG, CT, DB}_IO_LOAD AverageI/OloadforthisI/Oconsumer.

{CG, CT, DB}_IO_RQ_{SM, LG} ThecumulativenumberofsmallorlargeI/Orequestsfrom
thisI/Oconsumer.

{CG, CT, DB}_IO_RQ_{SM, LG}_SEC ThenumberofsmallorlargeI/Orequestspersecondissued
bythisI/Oconsumer.

{CG, CT, DB}_IO_WT_{SM,LG} Thecumulativetime(inmilliseconds)thatI/Orequestsfrom
theI/Oconsumerhavespentwaitingtobescheduledby
IORM.

{CG, CT, DB}_IO_WT_{SM,LG}_RQ Derivedfrom{CG,CT,DB}_IO_WT_{SM,LG}above.Itstoresthe
averagenumberofwaits(inmilliseconds)thatI/Orequests
havespentwaitingtobescheduledbyIORMinthepast
minute.AlargenumberofwaitsindicatesthattheI/O
workloadofthisI/Oconsumerisexceedingitsallocation.For
lower-priorityconsumersthismaybethedesiredeffect.For
high-priorityconsumers,itmayindicatethatmoreI/Oshould
beallocatedtotheresourcetomeettheobjectivesofyour
organization.

{CG, CT, DB}_IO_UTIL_{SM, LG} ThepercentageoftotalI/OresourcesconsumedbythisI/O
consumer.



Allcumulativemetricsaboveareresetto0whenevercellsrvisrestarted,theIORMplanisenabled,orthe
IORMplanchangesforthatI/Oconsumergroup.Forexample,iftheCategoryIORMplanischanged,
thefollowingcumulativemetricswillbereset:

CT_IO_RQ_SM 

CT_IO_RQ_LG 

CT_IO_WT_SM 

CT_IO_WT_LG 

TheseIORMmetricsarefurthercategorizedusingthemetricObjectNameattribute.Interdatabase
resourceplanmetricsfortheSCRATCH,andSNIFFdatabasesarestoredindetailrecords,where
metricObjectName issettothecorrespondingdatabasename.Inasimilarfashion,metricsforCategory
IORMPlansareidentifiedwithametricObjectNamematchingtheCategoryname.IORMconsumer
groupsareidentifiedbyaconcatenationofthedatabasenameandthenameoftheDBRMconsumer
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group.Forexample,thefollowinglistingshowshowtheI/OResourceGroupsforourSCRATCHandSNIFF
databaseswouldberepresentedintheMETRICCURRENTandMETRICHISTORYobjects.

objectType              metricObjectName             
----------------------- ---------------------------- 
IORM_DATABASE           SCRATCH 
IORM_DATABASE           SNIFF 
IORM_CATEGORY           APPS_CATEGORY 
IORM_CATEGORY           BATCH_CATEGORY 
IORM_CATEGORY           OTHER 
IORM_CONSUMER_GROUP     SCRATCH.APPS 
IORM_CONSUMER_GROUP     SCRATCH.MAINTENANCE 
IORM_CONSUMER_GROUP     SCRATCH.REPORTS 
IORM_CONSUMER_GROUP     SCRATCH.OTHER_GROUPS 
IORM_CONSUMER_GROUP     SNIFF.APPS 
IORM_CONSUMER_GROUP     SNIFF.MAINTENANCE 
IORM_CONSUMER_GROUP     SNIFF.REPORTS 
IORM_CONSUMER_GROUP     SNIFF.OTHER_GROUPS 

Background Processes 

Aswediscussedearlier,databasebackgroundprocessesareautomaticallyassignedtobuilt-inIORM
consumergroupsaccordingtopriority.Table7-6showsthesespecialIORMconsumergroups,along
withadescriptionofwhattheyareusedfor.

Table 7-6. Built-In Consumer Groups for Background Processes 

Consumer Group Description 

_ASM_ I/OrelatedtoOracleASMvolumemanagement

_ORACLE_BG_CATEGORY_ High-priorityI/Orequestsissuedfromthedatabase
backgroundprocesses

_ORACLE_MEDPRIBG_CATEGORY_ Medium-priorityI/Orequestsissuedfromthedatabase
backgroundprocesses

_ORACLE_LOWPRIBG_CATEGORY_ Low-priorityI/Orequestsissuedfromthedatabase
backgroundprocesses

Mining the Metrics 

Nowthatyouhaveaprettygoodideaofwhattypesofmetricsarecollectedbycellsrv,andhowtogetto
them,let’stakealookathowthisinformationcanbereportedandinterpreted.First,however,we
shouldmentionthatasareportingtool,CellCLIisverylimited.Forexample,multiplefilterscanbe
appliedtoyoursearchcriteriausing=,LIKE,orAND,butthelackofanORverb,andthelackof
parenthesesforsettingprecedence,makeitsomewhatcumbersome;ifnotutterlyinadequatefor
reporting.Also,thereisnoaggregationfunctionality.Forexample,thereisnowaytorollupthesmall
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andlargeI/Orequestsforadatabaseandpresentthemas“TotalI/ORequests.”Thelongandshortofit
is,youarebetterofftojustdumpoutalltherowsyouareinterestedin,loadthemintoadatabase,and
useSQL*Plustoreportthem.Now,let’stakealookatsomesimpleLISTcommandsforextractingIORM
metricsalongwithasampleoftheoutputtheygenerate.

ReportingIORMDatabaseMetrics

ThisfirstlistingreportsI/OmetricsforourDatabaseIORMPlan,(name like 'DB_IO_.*').The
objectType = ‘IORM_DATABASE’isn’treallynecessary;we’vejustincludedittoillustratethatthisisthe
onlyobjectTypestoredforthismetric.

CellCLI> LIST METRICCURRENT - 
        WHERE name LIKE 'DB_IO_.*' - 
          AND objectType = 'IORM_DATABASE' - 
   ATTRIBUTES name, objectType, metricObjectName, metricValue, collectionTime 
... 
DB_IO_BY_SEC  IORM_DATABASE SCRATCH  453 MB/sec 2011-03-29T07:04:46-05:00 
DB_IO_BY_SEC  IORM_DATABASE SMITHERS 17 MB/sec  2011-03-29T07:04:46-05:00 
DB_IO_BY_SEC  IORM_DATABASE SNIFF    0 MB/sec   2011-03-29T07:04:46-05:00 
DB_IO_LOAD    IORM_DATABASE SCRATCH  7          2011-03-29T07:04:46-05:00 
... 

ReportingIORMCategoryMetrics

ToreportI/OmetricsforourCategoryResourcePlan,thenamefilterischangedto'CT_IO_.*'.Addingan
additionalfilteronthe ObjectName metric (not like '_.*'), eliminatesOracle’sautomatically
maintainedcategoriessuchas _ASM_, and _ORACLE_BG_CATEGORY_. 

CellCLI> LIST METRICCURRENT -  
        WHERE name LIKE 'CT_IO_.*' - 
          AND metricObjectName NOT LIKE '_.*' - 
   ATTRIBUTES name, objecttype, metricObjectName, metricValue, collectionTime 
... 
CT_IO_UTIL_LG IORM_CATEGORY APPS_CATEGORY  0 %  2011-03-29T06:39:45-05:00 
CT_IO_UTIL_LG IORM_CATEGORY BATCH_CATEGORY 12 % 2011-03-29T06:39:45-05:00 
CT_IO_UTIL_LG IORM_CATEGORY OTHER          13 % 2011-03-29T06:39:45-05:00 
CT_IO_UTIL_SM IORM_CATEGORY APPS_CATEGORY  0 %  2011-03-29T06:39:45-05:00 
CT_IO_UTIL_SM IORM_CATEGORY BATCH_CATEGORY 0 %  2011-03-29T06:39:45-05:00 
CT_IO_UTIL_SM IORM_CATEGORY OTHER          0 %  2011-03-29T06:39:45-05:00 
... 

ReportingIORMConsumerGroupMetrics

ToreportI/Ometricsforourconsumergroups,wereplacethenamefilterwith CG_IO_.*,whichdisplays
I/Ometricsforconsumergroups.TheadditionalfiltersformetricObjectNameremoveotherdatabases
fromtheoutputaswellasconsumergroupsthatOraclecreatesforbackgroundprocesses,suchas
_ORACLE_BACKGROUND_GROUP_.ThecollectionTimewasomittedfromthesampleoutputbecauseofspace
constraints.
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     LIST METRICCURRENT                                - 
    WHERE name like 'CG_IO_.*'                         - 
       and objectType = 'IORM_CONSUMER_GROUP'          - 
       and metricObjectName like 'SCRATCH.*'           - 
       and metricObjectName not like 'SCRATCH\._.*'    - 
ATTRIBUTES name, objecttype, metricObjectName, metricValue, collectionTime 
... 
CG_IO_LOAD   IORM_CONSUMER_GROUP     SCRATCH.APPS            0 … 
CG_IO_LOAD   IORM_CONSUMER_GROUP     SCRATCH.MAINTENANCE     4 … 
CG_IO_LOAD   IORM_CONSUMER_GROUP     SCRATCH.OTHER_GROUPS    4 … 
CG_IO_LOAD   IORM_CONSUMER_GROUP     SCRATCH.REPORTS         0 … 
... 

Testing IORM Plans 

Earlierinthechapter,wepostponedtestingourIORMplans.Nowthatyouunderstandhowtomonitor
IORM,wecanrunastresstestandtakealookatthemetricscollectedbycellsrvtoseewhateffectour
IORMplanshadonperformance.Forthistest,we’llgeneratealoadonthestoragecellsbyrunning
severalconcurrentfull-tablescansonourSCRATCHandSNIFFdatabases.We’llletthemrunforafew
minutesandthencollectthedatabase,category,andconsumergroupmetricsforourtestdatabases.As
withourDBRMtestsearlierinthischapter,validatingthepreciseallocationsforeachI/Oconsumerisa
verycomplicatedundertaking,becauseanyI/Oresourcesthatareallocatedbutunusedarepassedto
otherconsumergroups,categories,anddatabases.Thisisparticularlytruewhenimplementingmulti-
levelresourceplans.Thefocusofthistestwillbetoverifythatcellsrviscollectingmetricsforeach
database,category,andconsumergroup,andthattherelativeI/Outilizationnumbersforeach
consumergrouparewithinareasonablerangeconsideringtheirresourceallocations.Referbackto
Figures7-13through7-15fortheI/Oallocationsforeachofourresourceplans.

TestOutline

Nowthatwe'vecreatedourI/Oresourceplan,wecantesttoseehowitworks.Followingarethesteps
wewillfollowtotestourresourceplan.

1. ActivatetheDAYTIMEresourceplanintheSCRATCHandSNIFFdatabases.Also,activate
theDatabaseandCategoryIORMplansineachstoragecell.

2. Inbothdatabases,startthreeconcurrentfulltablescansfromeachaccountthat
mapstoourconsumergroups.Theseuseraccountsmaptotheconsumergroupsas
follows:

KOSBORNE APPS

RJOHNSON REPORTS

TPODER MAINTENANCE

FRED OTHER_GROUPS
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3. Allowthequeriestorunforafewminutes,andthen,whiletheyarestillrunning,we’ll
dumptheIORMmetricsfordatabase,category,andconsumergroupstoafile.This
datawillbecleanedupandloadedintoanOracledatabaseforreporting.

Step1:ActivateResourceManager

Beforewestarttheloadtest,weneedtoverifythatourDAYTIMEresourceplanisactivatedinthe
databases.

SYS:SCRATCH> show parameter resource_manager_plan 
 
NAME                                 TYPE        VALUE 
------------------------------------ ----------- ------------------------------ 
resource_manager_plan                string      DAYTIME 
 
SYS:SNIFF> show parameter resource_manager_plan 
 
NAME                                 TYPE        VALUE 
------------------------------------ ----------- ------------------------------ 
resource_manager_plan                string      DAYTIME 
 
We also need to to check our IORM Plan on each storage cell to ensure they are active. 
 
CellCLI> list iormplan detail 
         name:                   enkcel03_IORMPLAN 
         catPlan:                name=APPS_CATEGORY,level=1,allocation=70 
                                 name=BATCH_CATEGORY,level=1,allocation=30 
                                 name=OTHER,level=2,allocation=100 
         dbPlan:                 name=SCRATCH,level=1,allocation=60 
                                 name=SNIFF,level=2,allocation=80 
                                 name=other,level=3,allocation=100 
         objective:              auto 
         status:                 active 

Step2:StartLoadTest

Next,we’llstartourloadtestbyrunningtheburn_io.shscriptineightseparateterminalsessions,one
foreachuseraccountintheSCRATCHandSNIFFdatabases.Thisscriptissimilartotheburn_cpu.shscript
weusedtotestourDBRMresourceplanearlier.Thescripttakesthreeparameters:USERNAME,PASSWORD,
andPARALLEL.ThePARALLELparameterdetermineshowmanyquerieswillberunconcurrently.Forour
test,we’llrunthreesessionsfromeachuseraccount.Thequeryis

select distinct segment_name from kosborne.bigtab 

TheSQLscriptturnsoffoutputfromthequery,(set TERMOUT off)toreducetheoverheadonthe
databaseserver.Thebigtabtablecontains194million(repeating)rowsfromthedba_segmentsview.

[enkdb02:SCRATCH] /home/rjohnson/myscripts 
> burn_io.sh {kosborne, tpoder, rjohnson, fred} x 3 
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 [enkdb02:SNIFF] /home/rjohnson/myscripts 
> burn_io.sh {kosborne, tpoder, rjohnson, fred} x 3 

Step3:DumpIORMMetricstoaFile.

We’llallowthestresstesttorunforawhileandthengathertheIORMmetricsfromthestoragecells.The
followinglistingshowstheCellCLIcommandforreportingIORMmetrics.Thesemetricsaremaintained
oneachcell,sowe’llneedtorunthiscommandoneachstoragecellandmergetheresultsforfurther
analysis.

CellCLI> spool iorm_enkcel01_metrics.dat 
 
CellCLI>  LIST METRICCURRENT - 
         WHERE objectType LIKE 'IORM_.*' 
 
CellCLI> spool spool off 

AnalyzingtheResults

Aftercleaninguptheoutputfromcellsrv,wecanloaditintoatableinordertorunsomequeries
againstit.Thestructureofthistableisasfollows:

SYS:SCRATCH> desc iorm_metrics 
 Name                  Null?    Type 
 --------------------- -------- -------------- 
 CELL_ID                        VARCHAR2(8) 
 NAME                           VARCHAR2(19) 
 OBJECT_TYPE                    VARCHAR2(19) 
 METRIC_NAME                    VARCHAR2(40) 
 COLLECTION_TIME                VARCHAR2(25) 
 METRIC_VALUE                   NUMBER 
 INC                            VARCHAR2(18) 

Foreaseinreporting,we’llcreateaviewforeachofourthreeI/Oconsumergroups,filteringoutactivity
fromASM,flashcacheandflash-basedgriddisks,andbackgroundprocesses.

-- IORM Category View -- 
CREATE OR REPLACE FORCE VIEW RJOHNSON.CT_IORM_METRICS AS 
    SELECT name, 
           OBJECT_TYPE, 
           METRIC_NAME, 
           SUM (METRIC_VALUE) metric_value, 
           MAX (INC) inc 
      FROM iorm_metrics 
     WHERE name LIKE 'CT\_%' ESCAPE '\'   IORM Category records 
       AND name NOT LIKE 'CT\_FC\_%' ESCAPE '\'  Flash Cache records 
       AND name NOT LIKE 'CT\_FD\_%' ESCAPE '\'  Flash-based grid disks 
       AND metric_name NOT LIKE '%\_' ESCAPE '\'  ASM, background processes, etc. 
  GROUP BY name, OBJECT_TYPE, METRIC_NAME 
  ORDER BY name, OBJECT_TYPE, METRIC_NAME; 
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-- IORM Database View (interdatabase IORM metrics) 
CREATE OR REPLACE FORCE VIEW RJOHNSON.DB_IORM_METRICS AS 
    SELECT name, 
           OBJECT_TYPE, 
           METRIC_NAME, 
           SUM (TO_NUMBER (TRIM (METRIC_VALUE))) metric_value, 
           MAX (INC) inc 
      FROM iorm_metrics 
     WHERE name LIKE 'DB\_%' ESCAPE '\'  IORM Database records 
       AND name NOT LIKE 'DB\_FC\_%' ESCAPE '\' 
       AND name NOT LIKE 'DB\_FD\_%' ESCAPE '\' 
       AND METRIC_NAME IN ('SCRATCH', 'SNIFF') 
  GROUP BY name, OBJECT_TYPE, METRIC_NAME 
  ORDER BY name, OBJECT_TYPE, METRIC_NAME; 
 
-- IORM Consumer Group View (intradatabase IORM metrics) 
CREATE OR REPLACE FORCE VIEW RJOHNSON.CG_IORM_METRICS AS 
    SELECT name, 
           OBJECT_TYPE, 
           METRIC_NAME, 
           SUM (METRIC_VALUE) metric_value, 
           MAX (INC) inc 
      FROM iorm_metrics 
     WHERE name LIKE 'CG\_%' ESCAPE '\'  IORM Consumer Group records 
       AND name NOT LIKE 'CG\_FC\_%' ESCAPE '\' 
       AND name NOT LIKE 'CG\_FD\_%' ESCAPE '\' 
       AND (metric_name LIKE 'SCRATCH%' OR metric_name LIKE 'SNIFF%') 
       AND metric_name NOT LIKE '%\_' ESCAPE '\' 
  GROUP BY name, OBJECT_TYPE, METRIC_NAME 
  ORDER BY name, OBJECT_TYPE, METRIC_NAME; 

YoumayhavenoticedtheSUM(METRIC_VALUE)functionintheviewdefinitions.Whileitisimportantto
understandtheworkloadmixofyourdatabases,thepurposeofthisexerciseistoverifytheeffectiveness
ofourIORMResourcePlan.Tothatend,we’llsubtotalthesmallandlargeI/Ometricssothatwecansee
howallI/Oisdistributed.ImportingtheIORMmetricsfromourtableintoaspreadsheet,wecancreate
piegraphsforeachIORMconsumergroup.Theresultinggraphsshouldreflecttheproportionsforeach
IORMconsumerinourIORMplan.ThereareseveralinterestingmetricscapturedintheMETRICCURRENT
objectatthestoragecell,butwe’llfocusonIO_BY_SEC.ThismetricrepresentstheI/Orequeststhatwere
senttothecelldiskqueuesforexecution.ItshouldgiveusaprettygoodideaofhowI/Orequestswere
prioritized.

Onemorethingbeforewetakealookattheresultsofourtest.Whilethefiltersweappliedtoour
viewssimplifiedtheoutput,theyalsoeliminatedsomeI/Ofromtheresults.Forexample,the
_ORACLE_BACKGROUND_GROUP_metricaccountedforameasurableamountofI/Ointhestoragecellsbutis
notreflectedintheanalysis.That’sacceptable,though,becausethepointofthisexerciseisnotto
preciselyreconciletheresultsofourtestwiththeIORMallocationscalledforinourplandirectives(a
verytediousprocess).Rather,thepurposeistoshowhowI/Oisactuallyallocatedinthestoragecells
duringpeakperiodswhenIORMisactive.SowhiletheresultsareexpectedtoresembleourIORMplans,
theyarenotexpectedtomatchprecisely.
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CategoryMetrics

IORMprioritizesI/Oinahierarchicalmanner(illustratedinFigure7-12).OurCategoryPlanisatthetop
ofthehierarchy,sothat’swherewe’llstart.RecallthatourplanallocatesI/OfortheAPPSandBATCH
categoriesata70%/30%ratioonlevel1.Atlevel2,theOTHERcategoryisallocated100%oftheunused
I/OfromtheAPPSandBATCHcategories.Figure7-16showstheratioofI/Orequestsservicedpersecond
(inmegabytes),onbehalfofeachcategory.Rememberthattheloadfromeachcategorywasthesame.
NoticethatAPPS_CATEGORYreceivedapproximately63%oftheI/O,whileBATCH_CATEGORYreceivedabout
30%.TheOTHERcategoryreceivedtheremaining8.3%ofI/O.YoumaybesurprisedattheamountofI/O
thatOTHERreceived.ThiswasbecauseoftheallocatedbutunusedI/Oresourcesitinheritedfromthe
APPSand/orBATCHcategoriesatlevel1.




Figure 7-16. I/O operations scheduled per second, by category 

DatabaseMetrics

NextintheIORMhierarchyisourInterdatabaseIORMPlan.ThisplancallsfortheSCRATCHdatabaseto
beallocated60%oftheI/Oatlevel1,andtheSNIFFdatabasetoreceive80%atlevel2.Figure7-17shows
theratioofI/OrequestsscheduledonbehalfoftheSCRATCHandSNIFFdatabases.Again,thenumberof
requestscomingfromthesedatabaseswasthesame.Accordingtothemetricscollectedduringour
stresstest,I/OwasallocatedtotheSCRATCHandSNIFFdatabasesataratioof64%/36%respectively.





CHAPTER7RESOURCEMANAGEMENT

231



Figure 7-17. I/O operations scheduled per second, by database 

ConsumerGroupMetrics

ThefinallevelintheIORMhierarchyisourIntradatabaseIORMPlan.Figure7-18showstheallocation
directivesforIORMconsumergroupsinourIntradatabaseIORMPlan.RememberthatourIORM
consumergroupsaretiedtotheDBRMconsumergroupsthroughtheMGMT_P1..8(CPU)attributes.
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Figure 7-18. IORM intradatabase plan 

Figure7-19showstheactualratioofI/OrequestsscheduledforourIORMconsumergroupsduring
ourstresstest.AquickglanceatthepiecharttellsusthatourIORMplanwasdefinitelymanagingI/O
resourcesattheconsumergrouplevel.YoucanseethattheAPPSconsumergroupdoesinfacttake
priorityoverallothergroups.Asexpected,I/OisdisproportionatelyallocatedtotheAPPSgroupinthe
SCRATCHdatabase(43.87%)comparedtotheAPPSgroupintheSNIFFdatabase(19.13%).Thisisbecauseof
theinfluenceourInterdatabaseResourcePlanhasoverourIntradatabaseResourcePlan.Recallthatour
InterdatabasePlangrantsahigherprioritytotheSCRATCHdatabase(60%atlevel1)thantheSNIFF
database(80%atlevel2).TheotherIORMconsumergroupsfollowasimilarpattern.
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Figure 7-19. I/O operations scheduled per second, by consumer group 

Other Processes Managed by IORM 

ThereareafewinternalprocessesmanagedbyIORMthatdon’tquitefitanywhereelseinthischapterso
we’lldiscussthemhere.Theseinternalprocessesare:

• FastFileCreation

• ETL(extract,transform,load)

• RecoveryManager

ExadataprovidesafeaturecalledFastFileCreationforcreatingandextendingdatabasedatafiles.It
providesextremelyfastI/Oforcreatingandgrowingfilesinthestoragegrid.Generallyspeaking,thisisa
goodthing.ButhowdoesExadatamanagethepriorityofcertain,lowpriority,highlyI/Ointensive
processes?TheanswerisIORM.

FastFileCreation

ExadataprovidesafeaturecalledFast File Creation,whichbringsalltheI/Oresourcesofthestoragecells
tobearinordertomakequickworkofcreatingandextendingtablespacedatabasefiles.Butasyou
mightimagine,ifrununchecked,FastFileCreationcanstealvaluableresourcesfromotherdatabase
critical,andbusinesscriticalprocesses.Topreventthis,theFASTFILECREfunction,whichperformsFast
FileCreation,ismappedtoahiddenIORMconsumergroupandassignedaprioritybelowthatofall
otherdatabaseforegroundandbackgroundprocesses.Whenthestoragecellsarebusy,FastFile
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Creationisthrottledbacksoitdoesn’tdegradeotherprocesses.Butwhenthestoragecellsarenotbusy,
IORMallowsittoconsumeallavailableI/Oresources.

IfyouwanttoincreasethepriorityofFastFileCreation,addanewconsumergroupmappingruleto
switchittoanotherconsumergroup(withhigherpriority).Themappingrulemustusethemapping
attributeDBMS_RESOURCE_MANAGER.ORACLE_FUNCTIONwithavaluesettothenameoftheFastFileCreation
function,FASTFILECRE.Forexample,wecanreassigntheFASTFILECREfunctiontotheMAINTENANCE
consumergroupwecreatedearlierinthechapterasfollows.

  
BEGIN 
  DBMS_RESOURCE_MANAGER.CREATE_PENDING_AREA(); 
  DBMS_RESOURCE_MANAGER.SET_CONSUMER_GROUP_MAPPING( 
    DBMS_RESOURCE_MANAGER.ORACLE_FUNCTION,  
    'FASTFILECRE', 'MAINTENANCE'); 
  DBMS_RESOURCE_MANAGER.SUBMIT_PENDING_AREA(); 
END; 
/ 

Note:Thepriorityforextendingexistingdatafilescannotbemodified.Themappingproceduredescribedhere
onlyincreasespriorityforcreatingnewtablespacesoraddingdatafilestoexistingtablespaces.

ETL

Dependingonthedatabase,extract,transform,andload(ETL)processesmaybeconsideredlow-
priority,ortheymaybeabsolutely-missioncriticaltothebusiness.Oracleprovidestwobuilt-inDBRM
resourceplanstomanagethepriorityfortypicalETLprocesses.TheETL_GROUPissetupwithlower
priorityinthebuilt-inDW_PLANresourceplanand,asthenameimplies,isgivenamuchhigherpriorityin
thebuilt-inETL_CRITICAL_PLANresourceplan.Figures7-20and7-21showthedefaultsettingsforthese
tworesourceplans.





Figure 7-20. DW_PLAN resource plan 
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Figure 7-21. ETL_CRITICAL_PLAN resource plan 

DataPumprunsunderthebuilt-in DATALOAD function,whichbydefaultmapstotheETL_GROUP
consumergroup.Otherprograms,suchasSQLLoader,mayalsobemappedtotheETL_GROUPusing
mappingruleswediscussedearlierinthechapter.Forexample,theSQLLoadercommandismappedto
theETL_GROUPconsumergroupasfollows:

BEGIN 
  DBMS_RESOURCE_MANAGER.CREATE_PENDING_AREA(); 
  DBMS_RESOURCE_MANAGER.SET_CONSUMER_GROUP_MAPPING   
    (DBMS_RESOURCE_MANAGER.CLIENT_PROGRAM, 'SQLLDR', 'ETL_GROUP'); 
  DBMS_RESOURCE_MANAGER.SUBMIT_PENDING_AREA(); 
END; 
/ 

RecoveryManager

ExadatarequiresASMforadatabasetoaccessthestoragegrid.Assuch,RecoveryManager(Rman)isthe
requiredtoolforexecutingdatabasebackupandrecovery.BackupsareaveryI/O-intensiveoperation.
Foranumberofyearsnow,RmanhasprovidedtwowaystomanagetheloadbackupsputontheI/O
subsystem:backupchannelsandrate.Thenumberofbackupchannelscanbeusedtoincreaseor
decreaseperformanceandload.Finer-grainedcontrolisprovidedthroughtherateparameter,which
controlstherateinbytespersecondthatRmanstreamstothebackupchannels.ExadataprovidesIORM
managementforRmanbymappingbackupoperationstotheBACKUPfunctionandcopyoperationstothe
COPYfunction.Bydefault,theBACKUP,andCOPYfunctionsmaptothebuilt-inBATCH_GROUPconsumer
group.SimilartotheFASTFILECREfunctionwedescribedforFastFileCreation,theBACKUPand COPY 
functionsmaybemappedtoanyotherconsumergroupinordertoadjusttheirIORMpriorities.For
example,wecanremaptheBACKUPfunctiontoourMAINTENANCEconsumergroupasfollows:

BEGIN 
  DBMS_RESOURCE_MANAGER.CREATE_PENDING_AREA(); 
  DBMS_RESOURCE_MANAGER.SET_CONSUMER_GROUP_MAPPING 
    (DBMS_RESOURCE_MANAGER.ORACLE_FUNCTION, 'BACKUP', 'MAINTENANCE'); 
 
  DBMS_RESOURCE_MANAGER.SET_CONSUMER_GROUP_MAPPING 
    (DBMS_RESOURCE_MANAGER.ORACLE_FUNCTION, 'COPY', 'MAINTENANCE'); 
DBMS_RESOURCE_MANAGER.SUBMIT_PENDING_AREA(); 
END; 
/ 
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Summary 
OneofthebiggestchallengesforDBAsiseffectivelymanagingsystemresourcestomeetbusiness
objectives.OvertheyearsOraclehasdevelopedarichsetoffeaturesthatmakeresourcemanagementa
reality.Unfortunately,thesefeaturesarerarelyimplementedduetotheircomplexity.Butmakeno
mistake,asserversbecomemorepowerfulandefficient,databaseconsolidationisgoingtobecome
increasinglycommon.ThisisespeciallytrueoftheExadataplatform.Understandinghowtoleverage
databaseandI/Oresourcemanagementisgoingtobecomeanincreasinglyimportanttoolforensuring
thatyourdatabasesmeetthedemandsofyourbusiness.Thebestadvicewecanofferistokeepthings
simple.AttemptingtomakeuseofeverybellandwhistleinOracleResourceManagercanleadto
confusionandundesirableresults.Ifyoudonothaveaspecificneedformulti-levelresourceplans,then
sticktothesingle-levelapproach;theyareeasytoimplementandmeasure,andtheyworkgreatinmost
situations.Categoryplansareanotherrarelyneededfeature.Amajorityofthesituationsyouwillface
canberesolvedbyimplementingasimple,single-levelInterdatabaseResourcePlan.Soagain,start
small,keepitsimple,andaddfeaturesasyouneedthem.
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Configuring Exadata 

OracleoffersanoptionalservicethathandlestheprocessofinstallingandconfiguringyourExadata
DatabaseMachinefromstarttofinish.Manycompaniespurchasethisservicetospeeduptheir
implementationtimeandreducethecomplexityofintegratingExadataintotheirITinfrastructure.If
you’rereadingthischapter,youmaybeconsideringperformingtheconfigurationyourself,orperhaps
you’rejustinterestedingainingabetterunderstandingofhowit’sdone.Theprocesswe’lldiscusshere
closelyresemblestheinstallationprocessOracleuses,largelybecausewewillbeusingthesameutility
OracleusestoconfigureExadata.TheutilityiscalledOneCommand.Ittakessite-specificinformation
youprovideandperformstheentireconfigurationfromnetwork,tosoftware,tostorage.Whenthe
processiscomplete,yourExadataDatabaseMachinewillbefullyfunctional,includingastarter
database.

Exadata Network Components 
Oracledatabasenetworkrequirementshaveevolvedovertheyears,andwithExadatayouwillnoticea
fewnewtermsaswellastheadditionofanewnetwork.Traditionally,Oracledatabaseserversrequired
onepublicnetworklinktoprovideadministrativeaccess(typicallySSH),anddatabaseaccess(SQL*Net).
Withtheintroductionof11gR2GridInfrastructure(formerlyknownasOracleClusterware),Oracle
coinedanewtermforthisnetwork,theclient access network.OntheExadataplatform,administrative
anddatabasetraffichavebeenseparatedwiththecreationofanewnetworkforadministrativeaccess.
Thisnewnetworkisknownasthemanagement network.Theclientaccessnetworkisnolonger
accessiblethroughSSHandisusedonlybytheOraclelistenerforincomingSQL*Netconnections.In
Exadataterms(andmostlyinthecontextofconfiguration),thesetwonetworksarereferredtoasNET0
(managementnetwork),andNET1(clientaccessnetwork).

ThenumberandtypeofEthernetportsonthecomputenodesandstoragecellsvariesbetweenthe
V2,X2-2,andX2-8modelsofExadata.Hardwarespecificationsforeachmodelaredetailedinthe
Exadata Database Machine Owner’s Guide.Ataminimum,though,allmodelsprovideatleastfour
embedded1GigabitEthernetports.OracleidentifiestheseportsasNET0,NET1,NET2,andNET3.As
noted,NET0isusedforthemanagementnetwork,andNET1isusedfortheclientaccessnetwork.In
RACenvironmentsitisacommonpracticetobondtwoEthernetdevicestogethertoprovidehardware
redundancyfortheclientaccessnetwork.OnExadata,thisisdonebybondingtheNET1andNET2ports
together.TheNET3interfaceisunassignedandavailabletobeconfiguredasanoptionalnetwork.


TheManagementNetwork
ExadataDatabaseMachineshaveanEthernetswitchmountedintherackthatservicesthemanagement
network.Themanagementnetworkconsistsofthefollowinglinks:
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• Oneuplinkfromthemanagementswitchtoyourcompany’smanagement
network.

• OnelinktoNET0oneachcomputenodeandstoragecell

• OnelinktotheILOMoneachcomputenodeandstoragecell

• OnelinkfortheKVM

• Onelinkforeachofthetwointernalpowerdistributionunits(PDUs).Thisis
optionalandisonlyneededifyouwanttomonitorelectricalcurrentremotely.

ILOM 

Inadditiontothemanagementnetworkinterface(NET0),computenodesandstoragecellscome
equippedwithanIntegratedLightsOutManager(ILOM).TheILOMisanadaptercardineachcompute
nodeandstoragecellthatoperatesindependentlyoftheoperatingsystem.TheILOMbootsupassoon
aspowerisappliedtotheserverandprovidesWebandSSHaccessthroughthemanagementnetwork.
TheILOMallowsyoutoperformmanyofthetasksremotelythatwouldotherwiserequirephysical
accesstotheservers,includinggainingaccesstotheconsole,poweringthesystemoffandon,and
rebootingorresettingthesystem.Additionally,theILOMmonitorstheconfigurationandstateofthe
server’sinternalhardwarecomponents.TheILOMislinkedviaEthernetporttothemanagementswitch
withintheExadataenclosure.

KVM 

ExadataalsofeaturesaninternalKVM(keyboard,video,andmouse)formanagingthesystem.Asyou
mightexpect,theKVMisaslide-outtraywithakeyboard,touchpad,andflip-upmonitoraccessible
fromthefrontoftherack.TheKVMalsoprovidesremoteWebaccesstotheoperatingsystemconsoleof
allcomputenodesandstoragecells.LiketheILOM,theKVMislinkedviaEthernetporttotheinternal
managementswitch.

Note:TheX2-8modelofExadatadoesnotcomewithaKVM.ComputenodesinV2andX2-2systemsarea2U
formfactorandonanExadatafullrackconfigurationtakeupatotalofeightslots.Thecomputenodes(2)onthe
X2-8occupyfiveslotseachforatotaloftenslotsintherack;displacingthe2UKVMswitch.

TheClientAccessNetwork
TheclientaccessnetworkisusedbytheOraclelistenertoprovideSQL*Netconnectivitytothe
databases.Thisnetworkhastraditionallybeenreferredto,inRACterminology,asthepublic network.
Oneortwolinks(NET1,NET2)fromeachdatabaseserver(computenode)connectdirectlytoyour
corporateswitch.OraclerecommendsbondingNET1andNET2toprovidehardwareredundancyfor
clientconnections.Iftheseportsarebonded,theneachlinkshouldterminateataseparateswitchto
providenetworkredundancy.
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ThePrivateNetwork
TheprivatenetworkisservicedbytheinternalInfiniBand(IB)switches.ThisnetworkmanagesRAC
Interconnecttraffic(cachefusion,heartbeat),aswellasiDBtrafficbetweenthedatabasegridandthe
storagegrid.Thisnetworkisself-containedwithintheInfiniBandnetworkswitchfabricandhasno
uplinktoyourcorporatenetwork.Thenetworkconfigurationcanbefoundintheifcfg-ib0andifcfg-
ib1configurationfilesinthe/etc/sysconfig/network-scriptsdirectory.Theyareconfiguredasbonded
devices,andthemasterdevicefileisifcfg-bondib0.Forexample,thefollowinglistingshowsthe
Infinibandnetworkconfigurationfilesfromoneofthedatabaseserversinourlab.Noticehowthe
MASTERparameterisusedtomapthesenetworkdevicestothebondib0device.


/etc/sysconfig/network-scripts/ifcfg-bondib0 
DEVICE=bondib0 
USERCTL=no 
BOOTPROTO=none 
ONBOOT=yes 
IPADDR=192.168.12.6 
NETMASK=255.255.255.0 
NETWORK=192.168.12.0 
BROADCAST=192.168.12.255 
BONDING_OPTS="mode=active-backup miimon=100 downdelay=5000 updelay=5000 num_grat_arp=100" 
IPV6INIT=no 
MTU=65520 
 
/etc/sysconfig/network-scripts/ifcfg-ib0 
DEVICE=ib0 
USERCTL=no 
ONBOOT=yes 
MASTER=bondib0 
SLAVE=yes 
BOOTPROTO=none 
HOTPLUG=no 
IPV6INIT=no 
CONNECTED_MODE=yes 
MTU=65520 
 
/etc/sysconfig/network-scripts/ifcfg-ib1 
DEVICE=ib1 
USERCTL=no 
ONBOOT=yes 
MASTER=bondib0 
SLAVE=yes 
BOOTPROTO=none 
HOTPLUG=no 
IPV6INIT=no 
CONNECTED_MODE=yes 
MTU=65520 

NoticethattheMTUsizefortheIBnetworkdevicesissetto65,520(bytes).MTUstandsfor
MaximumTransmissionUnitanddeterminesthemaximumsizeofanetworkpacketthatmaybe
transmittedacrossthenetwork.TypicalEthernetnetworkssupportanMTUsizeofupto1,500bytes.In
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recentyears,theJumboFramestechnologyhasbecomeapopularwaytoimprovedatabase
performancebyreducingthenumberofnetworkroundtripsrequiredforcachefusionbetweencluster
nodesinanOracleRACcluster.ConventionallyJumboFramessupportsanMTUofupto9,000bytes.
ButsomeimplementationsmaysupportanevenlargerMTUsize.

Note:Onlythedatabaseserversareconfiguredwitha64KMTU.PresumablythisistobenefitTCP/IPtraffic
betweenthedatabaseservers,andbetweenthedatabaseserversandanyexternalhostthatislinkedtotheIB
switch.YoumaybesurprisedtoknowthattheIBportsonthestoragecellsareconfiguredwiththestandard1,500
byteMTUsize.ThelargeMTUsizeisnotnecessaryonthestoragecells,becauseI/Obetweenthedatabasegrid
andthestoragegridutilizestheRDSprotocol,whichismuchmoreefficientfordatabaseI/Oandbypassesthe
TCP/IPprotocolstackaltogether.

About the Configuration Process 
ConfiguringOracledatabaseservershasalwaysbeenamanualandsomewhaterror-proneprocess,
especiallyforRACenvironments.Exadatacanbeconfiguredmanuallyaswell,butthecomplexitiesof
theplatformcanmakethisariskyundertaking.Oraclehasgreatlysimplifiedtheconfigurationprocess
byprovidingautilitycalledOneCommand.Thistoolusesinputparametersyouprovide,anditcarries
outallofthelow-leveltasksforyou.Evenso,gatheringalltherightinformationrequiredby
OneCommandwilllikelybeacollaborativeeffort,especiallywiththenetworkingcomponents.Figure
8-1illustratestheExadataconfigurationprocessusingOneCommand.
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Figure 8-1. The configuration process 

AsindicatedinFigure8-1,thefirststepintheprocessistofillouttheconfigurationworksheet
includedintheExadatadocumentationset.Thepurposeofthisworksheetistoaidyouingatheringall
theinformationyouwillneedtoconfigureyoursystem.Whenfillinginthenetworkingcomponentsof
theworksheetyouwillneedtoenlistthehelpofyournetworkadministratortoreserveIPaddressesand
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registernewnetworknameswiththedomainnameserver.It’simportanttounderstandhowthese
configurationsettingsareused,sowe’llspendasubstantialamountoftimediscussingthemin“Step1:
TheConfigurationWorksheet.”

Onceyouhavecompletedtheconfigurationworksheet,youwilltransferthatinformationtothe
DBMConfigurator(dbm_configurator.xls).ThisisanExcelspreadsheetthatgeneratesalltheparameter
anddeploymentfilesOneCommandneedsforconfiguringyoursystem.Inadditiontoparameterand
deploymentfiles,theDBMConfiguratorgeneratesthecheckip.shscriptyoushouldusetoverifyyour
networksettings.ThisscriptvalidatestheformatoftheIPaddressesyouentered,checkstoseeifanyof
themarealreadyinuse,andverifiesthatthenetworknamesyouspecifiedcanberesolvedbyyourDNS
server.Oncethisisdone,youarereadytouploadthesefilestoExadata.

BeforerunningOneCommand,youwillneedtostagetheinstallationmediafortheGrid
Infrastructureandthedatabase(includinganyOracle-prescribedpatches).Thefinalstepoftheprocess
istoexecuteOneCommand.Itsoperationconsistsofmultiplestepsthatconfigureallthecomponentsof
yourExadataDatabaseMachine.Thetop-levelscriptthatrunsOneCommandiscalleddeploy112.sh
(112presumablystandsfor11gR2).Thisscriptcanberunend-to-end,executingallofthesteps
automatically,oryoumayspecifyasteptorunusingcommand-lineoptions.Westronglyrecommend
runningthesestepsoneatatime.Doingsomakesitmucheasiertotroubleshootifastepfailsto
completesuccessfully.

Note:RatherthancreateanExadata-specificreleaseoftheirGridInfrastructure,ASM,andRDBMSproducts,
OraclechosetointegratetheExadataspecificcoderightintothesame11gR2productyouwouldinstallonnon-
Exadataplatforms.Whentheydidthis,OracleprovidedamechanismforreleasingExadata-specificpatchesthat
couldbemanagedseparatelyfromthemainstreamproductandcoinedanewterm,bundle patches.Bundle
patchesareOracle’swayoftrackinganddistributingfixesfortheirstoragecellsoftwareaswellasExadata-
specificfixesfortheGridInfrastructure,ASM,anddatabasesoftware.

WhenyoutakedeliveryofyourExadataDatabaseMachine,certaintaskswillhecompletedbyan
Oraclehardwaretechnician.Thesetasksincludeconnectingallthenetworkedcomponentsinsidethe
ExadatarackandconfiguringIPaddressesfortheprivatenetwork(IBswitch).Whenthisprocessis
complete,allcomputenodesandstoragecellswillbeconnectedtogetherthroughtheIBswitch.
OneCommandisonlyrunfromthefirstcomputenodeandusestheprivatenetworktoexecute
configurationcommandsonotherserversandstoragecells,aswellastoinstalltheGridInfrastructure
andRDBMSsoftwareonalldatabaseservers.Thereisnoplaceintheconfigurationworksheetorthe
DBMConfiguratortospecifythenetworkaddress,andthedefaultis192.168.10.Ifthisnetworkaddress
isalreadyinuseelsewhereinyournetworkinfrastructure,thismaycreateroutingproblemslater.Be
suretomentionthistoyourOracledeliverycoordinatorearlyintheprocesssotheycannegotiatean
appropriatenetworkaddressforyourInfiniBandnetwork.

Configuring Exadata 
ThefirststepinconfiguringExadataisgenerallytoworkthroughtheconfiguration worksheet.Ifyouare
comfortablewiththeprocess,youcanoptoutofstep1andenteryourparametersdirectlyintotheDBM
Configuratorasyougatherthem.Butdon’tunderestimatethevalueoftheconfigurationworksheet.Itis
anintegralpartoftheprocessOracleuses;andforgoodreason.EvenexperiencedExadatatechnicians
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continuetousetheconfigurationworksheet.Itisagoodcommunicationtoolandhelpstoensurethat
theinstallationgoessmoothly.

Step1:TheConfigurationWorksheet
TheconfigurationworksheetisprovidedbyOracleaspartoftheExadatadocumentationset.The
documentationisnotdownloadablefromanyoftheOracleWebsites.Instead,itisinstalledinthe
/usr/share/doc/oracle/Exadatadirectoryofthestoragecells.Simplyconnecttooneofthecellsasroot,
celladmin,orcellmonitoranddownloadittoyourlaptop.Openthewelcome.htmlfileinyourWeb
browserandyouwillseeacompletelistofallthedocumentsinHTMLandPDFformat.Theoneyouare
lookingforislabeledExadataDatabaseMachineConfigurationWorksheets. Theworksheetisfairlywell
documented,butwe’llgothroughithereandtalkalittlemoreaboutsomeoftheparametersand
settingsyouwillneedtoprovide.Theinformationcollectedintheworksheetfallsintofourgeneral
categories:

• Exadataconfigurationparameters

• Oracleenvironmentparameters

• Networksettings

• Cellalertnotificationparameters

We’llbefollowingaslightlydifferentformathere,butwe’lldiscussalloftheconfiguration
settingsandparametersfromtheOracledocumentationandaddingsomecommentaryalong
theway.

Exadata Configuration Parameters 

Exadataconfigurationparametersaresystem-widesettings,someofwhichareusedforgeneratingyet
otherparametersusedintheconfigurationprocess.Forexample,theExadataDatabaseMachineName
youprovideintheworksheetisusedasahostnameprefixforallnetworkhostnamesinyourExadata
system,includingcomputenodes,storagecells,networkswitches,ILOMs,andtheKVM.Itisalsoused
asaprefixfortheclusternameandSCANnamerequiredbyGridInfrastructure.

Note:WerecentlynoticedthatthenewversionoftheDBMConfiguratornowappendstheExadataDatabase
MachineNametotheASMdiskgroupnames.Forexample,ifthemachinenameis‘exa,’thentheConfigurator
generatesadiskgroupnameofDATA_EXA,ratherthanDATA_DG,forthedatadiskgroup.Thisisthedefault
behavior,butitmaybeoverriddenbeforegeneratingyourconfigurationfiles.We’lltalkmoreaboutnamingyour
ASMdiskgroupsin“Step2:TheDBMConfigurator.”Youmaynoticethatsomeoftheotherchaptersofthisbook,
Chapter15,forexample,usetheoldnamingconvention.

Table8-1showstheExadataconfigurationparametersyouwillenterintheconfiguration
worksheet.
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Table 8-1. Exadata Configuration Parameters 

Configuration Parameter Description 

ExadataDatabaseMachinename Themachinename(max4characters)isused
asaprefixforallnetworkhostnamesinyour
Exadataconfiguration.

TypeofSystem ThisisthetypeofExadataconfiguration.
Chooseoneofthefollowingconfigurations:
X2-8FullRack,X2FullRack,X2HalfRack,or
X2QuarterRack.

DiskType ThisisthetypeofdiskdrivesyourExadata
systemisconfiguredwith.Chooseoneofthe
followingconfigurations:HighPerformance,
HighCapacity.

Country ThisisthecountryinwhichExadatawill
reside;forexample:UnitedStates.

TimeZone ThisisthetimezoneinwhichExadataresides.
Forexample:America/Chicago.

WorkloadType Thisfieldisusedtodefinethepredominant
workloadtypefordatabasesonthesystem.
ChooseeitherDWfordatawarehouseor
OLTPforonlinetransactionprocessing.

BackupMethod Theinstallationprocessusesthebackup
methodtodeterminethesizesforASMdisk
groups.ChoosebetweenBackupsInternalto
OracleandBackupsExternaltoOracle.

ProtectionLevel Thisfielddetermineswhattypeofredundancy
youwishtouseforyourASMdiskgroups.
Chooseoneofthefollowing:HighforALL,
HighforDATA,HighforRECO,orNormalfor
ALL.

ExadataSmartFlashCache Allflashdisksareconfiguredasflashcache.


Someoftheparameters,likeCountryandTimeZone,areprettystandardfarewhenconfiguring

servers.OtherparametersareExadata-specificandwillbenewtoyou.Onethingyoumaynoticeright
awayisthatthereisnowaytonameyourASMdiskgroupsintheconfigurationworksheet.Ifyoudon’t
likethedefaultnamesofDATA_{machine_name}andRECO_{machine_name},youwillhavetheopportunity
tochangethemlaterintheDBMConfigurator.TheExadataconfigurationparametersaredescribedas
follows:
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Exadata Database Machine Name:Thisparametercanbe1–4charactersin
lengthandisusedtogeneratenetworkhostnamesfornetworkendpointsin
yourExadataframe.ItisalsousedtonametheRACclusterandtheSimple
ClientAccessName(SCAN)requiredbyRAC.Forexample,amachinenameof
exaproducesaclusternameof‘exa_cluster’andaSCANnameofexa-
scan.ourcompany.com.Thisparameteriscase-sensitiveforallbutthediskgroup
namepostfix,ifany,inwhichcaseitisforcedtouppercase.Thefollowing
listingshowsthemanagementnetworkhostnamesgeneratedforthedatabase
serversandstoragecellsinaquarterrackconfiguration.Instep2,we’lltakea
lookatacompletelistingofthenamesprefixedwiththemachinenamefora
quarterrackconfiguration.

# Management Network 
exadb01.ourcompany.com     exadb01 
exadb02.ourcompany.com     exadb02 
exacel01.ourcompany.com    exacel01 
exacel02.ourcompany.com    exacel02 
exacel03.ourcompany.com    exacel03 

IfthereisachanceyouwilleverhavemorethanoneExadatasysteminyourdatacenter,
considerenumeratingyourmachinenametoprovideuniqueness.Forexampleamachine
nameofexa1allowsforfuturesystemstobenamedexa2,exa3,andsoon.

Type of System:Thetypeofsystemdetermineshowmanycomputenodesand
storagecellsareinyourconfiguration.Thisfieldispresentedasadrop-down
list,illustratedinFigure8-2.



Figure 8-2. The Type of System drop-down 

Thisparameterisusedtodeterminehowmanycomputenodesandstorage
cellsyoursystemhaswhengeneratingIPaddressesandhostnames.We’lltalk
moreaboutthislater,inthe“NetworkSettings”section,butOneCommand
generatessequentialIPaddressesbystartingwithabaseaddressforthefirst
hostandthenincrementingfromthataddressforeachhost.Forexample,if
yourmanagementIPsstartat192.168.8.201,thenthefollowingIPaddresses
willbegeneratedforthecomputenodesandstoragecellsinaquarterrack.

192.168.8.201 exadb01.ourcompany.com
192.168.8.202 exadb02.ourcompany.com
192.168.8.203 exacel01.ourcompany.com
192.168.8.204 exacel02.ourcompany.com
192.168.8.205 exacel03.ourcompany.com
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Note:ThewayOneCommandassignsIPaddressessequentiallyfromabaseaddresscanbeproblematicwhen
addingcomputenodesandstoragecellstoyourconfiguration.We’lltalkmoreaboutthislaterinthechapterwhen
welookatupgradingExadata.

Disk Type:Thisfieldispresentedasadrop-downlist.ExadataX2modelscome
intwoflavors,HighCapacityDisksandHighPerformanceDisks.High-capacity
diskshaveacapacityof2terabytes,whilehighperformancediskshavea
capacityof600gigabytes.Thisinformationisusedtocalculatecelldiskandgrid
disksizesfortheinstallation.

Workload Type:Severalsettingsfromtheconfigurationworksheetareusedto
createastarterdatabaseduringtheinstallationprocess.Theseparametersare
usedtocreateadatabasetemplatethatisinturnusedbytheDatabase
ConfigurationAssistant(dbca)attheendoftheinstallationprocess.The
workloadtypeyouspecifydetermineswhetheryourdefaultdatabaseis
optimizedforOLTPorDWworkloads.InstanceparameterssuchasSGA_TARGET
andPGA_TARGETaresizedbasedontheWorkloadTypeyouspecifiedforyour
database.

Backup Method:Thissettingdetermineshowyourdiskgroupsaresizedduring
theinstallationprocess.DiskspaceisallocatedtotheDATAandRECOdiskgroups
asfollows:

Backups Internal to Exadata:IfyouplantousetheFastRecoveryArea
(FRA)tostoreonlinedatabasebackups,chooseBackupsInternalto
Oracle.Whenthisallocationschemeisselected,diskspacefortheDATA
andRECOdiskgroupswillbeallocatedasfollows:

DATA:40%

RECO:60%

Backups External to Exadata:Ifyouareplanningtobackupyour
databasesdirectlytotape,NFS,orsomeotherstorageexternalto
Exadata,chooseBackupsExternaltoExadata.Whenthisallocation
schemeischosen,diskspacewillbeallocatedtotheDATAandRECOdisk
groupsasfollows:

DATA:80%

RECO:20%

Protection Level:Thisdetermineswhatlevelofredundancywillbeconfigured
foryourASMdiskgroups,DATAandRECO.SimilartotheTypeofSystemfield,
thisfieldispresentedasadrop-downlistfromwhichyoucanchoosethe
redundancyforyourdiskgroups.Keepinmindthatnormalredundancyhalves
theusablespaceinyourdiskgroups.Normalredundancyistheminimum
allowableredundancylevel.Highredundancyprovidesthebestprotection
fromdiskandstoragecellfailures,butitdoessoatthecostofreducing
availablespacebytwothirds.Thefollowingcombinationsaresupported:
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High For All:Thisconfigurationcansignificantlyreduceavailablespace
inyourdiskgroups.AccordingtoOracle,itisbestusedwhenthebackup
methodchosenisBackupsExternaltoOracle.

High For DATA: Inthisconfiguration,ASMredundancyissettohighfor
DATA,whileRECOissettonormalredundancy.Thisisbestsuitedfor
systemsthatbackupthedatabasestoexternalstorage,suchastape,
VTL,NFS,andsoon.

High For RECO:Inthisconfiguration,highredundancyisusedforRECO
andnormalredundancyisusedfortheDATAdiskgroup.This
configurationisbestsuitedfordatabasesthatbackuptotheFRA.

Normal For ALL: Thisconfigurationusesnormalredundancyforalldisk
groups.Whileitprovidesquiteabitmoreusablespaceinthedisk
groups,keepinmindthatthesimultaneouslossofonediskdrivefrom
twostoragecellswillcauseASMtodismountyourdiskgroups.Ifthat
happens,yourdatabasesusingthosediskgroupswillalsobeoffline.

Asyouconsiderwhichprotectionschemeisrightforyou,thinkaboutyourpain
tolerancewhereitcomestosystemoutages.Normalredundancyprovides
morestorageandlessprotectionfromdisk/cellfailures.Unlessyoucanafford
foryourdatabasestobedownforanextendedperiodoftime,youshouldlean
towardhighredundancyfortheDATAdiskgroup.Ifyoucanaffordanoutage
whiletransientdisk/cellfailuresareresolved,orinaworst-casescenario,wait
forafulldatabaserecovery,thenperhapshighredundancyfortheRECOdisk
groupisabetterfit.Ifspaceisverytightandyoucantoleratethesetypesof
outages,thenyoumayconsidersettingredundancyforalldiskgroupsto
normal.

TheredundancylevelforyourSYSTEM_DG(orDBFS_DG)diskgroup,whichstores
theOCRandVotingfiles,willbeautomaticallysettothemaximumlevel
supportedbyyourExadatarackconfiguration.Highredundancyisnot
supportedonquarterrackconfigurations,sonormalredundancyisthebest
youcandoforthem.Forhalfrackandfullrackconfigurations,redundancywill
alwaysbesettohighfortheSYSTEM_DGdiskgroup.

KevinSays:Protectionlevelisaverysensitiveandseeminglypoliticallychargedtopic.Themannerinwhich
ASMchoosespartnerdisksleavesanynormalredundancydiskgroupatmuchgreaterriskofdatalossfroma
double-diskfailurethanwouldbethecasewithtraditionalRAID-styleprotection.Whiletheremaybehundredsof
disksthatcouldfailsimultaneouslyinadoublediskfailure,it’sjustamatterof(bad)luckwhichonesfail.Ifthe
“wrongtwodisks”inanormalredundancysituationhappentofail,theadministratorwillhavetodealwithdata
loss.Forthisreason,theauthorsarecorrecttopointoutwhichhigh-redundancyschemeisrecommendedbased
onthebackupstrategyprotectingthesystem.
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ThetopicofASMnormalredundancyprotectionfromdoublediskfailurescenariosisnotExadata-specific.
However,untiltheadventofExadata,customersrarelytrustedtheirdatatoASMprotection—optinginsteadfor
externalredundancy.

Exadata Smart Flash Cache:Thereisnomentionoftheflashcacheinthe
configurationworksheetbutthereisintheDBMConfigurator.

Oracle Environment Parameters 

ThenextsetofparametersisusedtodefinetheO/Suserandgroupaccounts,aswellasthelocationfor
theGridInfrastructure(Clusterware)anddatabasesoftwareinstallation.Theseparametersarewell
knowntoDBAswhohavebeenthroughanOracleRAC11gR2installationortwo.Table8-2showsthe
parametersyouwillneedtoprovide.Theparametersinitalicscannotbemodifiedintheconfiguration
worksheet andareincludedforinformationalpurposesonly.Someofthem,however,canbechanged
whenyoufillouttheDBMConfiguratorlater.

Table 8-2. Oracle Environment Parameters 

Environment Parameter Default Value 

GridInfrastructureusername oracle

GridInfrastructureuseridentifier 1000

RAChomeusername oracle

RAChomeidentifier 1001

Oracleinventorygroupname oinstall

Oracleinventorygroupidentifier 1001

RAChomeDBAgroupname dba

RAChomeDBAgroupidentifier 1002

RAChomeOPERgroupname racoper

RAChomeOPERgroupidentifier 1003

ASMDBAgroupname asmdba

ASMDBAgroupidentifier 1004
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Environment Parameter Default Value 

ASMADMINgroupname asmadmin

ASMADMINgroupidentifier 1006

Oraclesoftwareownerpassword welcome 

GridInfrastructure(Clusterware)home
basedirectory

/u01/app/{version}/grid 

Where:versioniscurrently11.2.0 

Oracledatabasehomebasedirectory
(ORACLE_BASE)

/u01/app/oracle 

Oracledatabasehome(ORACLE_HOME)
directory

/u01/app/oracle/product{version}/db_home1 

Versioniscurrently11.2.0 

OracleInventorydirectory /u01/app/oraInventory 

Databasename dbm

Databasecharacterset AL32UTF8 

Databasenationalcharacterset AL16UTF16 

Databaseblocksize 8192 

ASMdiskgroups DATA for the default data file location; RECO for 
the fast recovery area 

Note: Default DATA and RECO disk group size 
depends on the type of system (quarter, half, or 
full rack), the type of disk drives (high capacity 
or high performance), and the type of backup. 

StartingIPAddressfortheInfiniBand
privatenetwork1

192.168.10.1 

SubnetmaskforInfiniBandprivate
network

255.255.252.0 



TheInfiniBandprivatenetworkismorecommonlyknowntoDBAsastheprivate Interconnect.Thisfield
showsstartingIPaddressfortherangeofIPstheRACclusterwilluseforclusterInterconnecttraffic
(heartbeat,cachefusion,andsoon).IfforsomereasonyouhavechangedtheIPaddressesfortheIB
networkyouwillneedtoalsomakethatadjustmentintheDBMConfiguratorwhenyoutransferthe
worksheetparameterslater.
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Note:OneCommanddoesnotallowyoutomodifythecharactersetparameters.Sothedefaultdatabase
createdwillusetheAL32UTF8databasecharacterset,andAL16UTF16nationalcharacterset.Afterthe
installationiscomplete,youmaychoosetodropthedefaultdatabaseandcreateyourowndatabasesthatmeet
thespecificrequirementsofyourenvironment.KeepinmindthatOraclerecommendsusingUnicodeforallnew
databaseimplementations.

Network Settings  

ThefinalsetofconfigurationparametersiswhereyouspecifythenetworksettingsforExadata.
OneCommandsupportstheconfigurationofuptofournetworks,identifiedasNET0throughNET3.
NET0andNET1arerequiredandareusedforthemanagementnetworkandclientaccessnetwork,
respectively.NET2andNET3areoptionalnetworksyoumaychoosetoconfigureifneeded.Table8-3
showsallthenetworksettingsusedtoconfigureExadata.

Table 8-3. Network Settings 

Network Setting Description 

Domainname Yournetworkdomainname.Forexample:ourcompany.com

IPaddressofthenameserver(s) TheIPaddressofoneormoreofyournetworknameservers.

IPaddressoftheNetworkTime
Protocol(NTP)server(s)

TheIPaddressofoneormoreNTPserversforservertime
synchronization.

ManagementNetwork(NET0)
StartingIPaddress

ThestartingIPaddressforthemanagementnetwork.IP
addressesforallmanagementnetworkend-pointswillderive
sequentiallyfromthisIPaddress.Thisnetworkmustbe
separatefromallothernetworksonExadata.

ManagementNetwork(NET0)
Subnetmask

Thesubnetmaskforthemanagementnetwork.

ManagementNetwork(NET0)
GatewayIPaddress

TheIPaddressofthegatewayforthemanagementnetwork.

ClientAccessNetwork(NET1)
StartingIPaddress

Theclientaccessnetworkisconfiguredonthecompute
nodes.ItistheinterfaceusedbythedatabaseSCANlisteners.
ClientapplicationsconnecttothedatabasethroughtheNET1
interface.Thisnetworkmustbeseparatefromallother
networksonExadata.

ClientAccessNetwork(NET1)
Subnetmask

ThesubnetmaskfortheClientAccessNetwork.
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Network Setting Description 

ClientAccessNetwork(NET1)
GatewayIPaddress

ThegatewayfortheClientAccessNetwork.

ClientAccessNetwork(NET1)
Channelbonding

OraclerecommendstheClientAccessNetworkEthernet
devices(eth1andeth2)bebondedtoprovideredundancyfor
clientconnectionstothedatabase.YesorNointhisfield
determineswhetherornotNET1willbeconfiguredfor
channelbonding.Ifitis,itwillbebondedtowiththeNET2
interface.

AdditionalNetwork(NET2)
StartingIPaddress

IfchannelbondingisnotusedfortheClientAccessNetwork,
thenNET2isavailableasanadditionalnetworkinterface
(eth2).ThisfieldisthestartingIPaddressfortherangeofIPs
assignedtoNET2acrossthedatabaseservers.Ifconfigured,
thisnetworkmustbeseparatefromallothernetworkson
Exadata.

AdditionalNetwork(NET2)
Subnetmask

ThesubnetmaskfortheNET2networkinterface.

AdditionalNetwork(NET2)
GatewayIPaddress

TheIPaddressofthegatewayusedbytheNET2network.

AdditionalNetwork(NET2)
Networkhostnamesuffix

Thissuffixisappendedtothehostnameoneachofthe
databaseserverstoidentifytheNET2network.

AdditionalNetwork(NET3)
StartingIPaddress

NET3isanoptionalnetworkavailableonthedatabase
servers.ThisistheIPaddressforthesequentialrangeofIPs
fortheNET3network.Thisnetworkmustbeseparatefromall
othernetworksonthesystem.

AdditionalNetwork(NET3)
Subnetmask

ThesubnetmaskfortheNET3network.

AdditionalNetwork(NET3)
GatewayIPaddress

TheIPaddressofthegatewayfortheNET3network.

AdditionalNetwork(NET3)
Networkhostnamesuffix

Thissuffixisappendedtothehostnameoneachofthe
databaseserverstoidentifytheNET3network.

PDU-AIPaddress Thepowerdistributionunit(PDU)hasanEthernetinterface
(eth0)andcanbeconfiguredonthenetworkbyassigningitan
IPaddress.ThisfielddefinestheIPaddressforthePDU.



CHAPTER8CONFIGURINGEXADATA

251

Network Setting Description 

PDU-BIPaddress ExadataisequippedwitharedundantPDUthatcanalsobe
configuredonthenetworkbyassigningitanIPaddress.This
fielddefinesthenetworkforthePDU.

 

Thedomainname,DNSserver,andNTPserversettingsareallstandardnetworksettings.
TheseshouldbespecifiedasyouwouldforanyotherOracledatabaseserveronyour
network.Theremainingnetworksettingsaredescribedasfollows:

Management Network (NET0):Themanagementnetworkisusedfor
administrativeaccesstothedatabaseserversandstoragecells.Youcanthinkof
thisnetworkasyourSSHentrypointforloggingintothecomputenodes,
storagecells,andIBswitches.Themanagementnetworkisservicedbythe
internalCisconetworkswitch.Onlyonenetworkdropisrequiredtouplinkthe
Ciscomanagementswitchtoyourcompanynetwork.Themanagement
networkalsoincludestheILOMinterfacesonthecomputenodesandstorage
cells.

Client Access Network (NET1):TheclientaccessnetworkprovidesSQL*Net
accesstothedatabase.ThisisthenetworkusedbytheSCANListenersto
establishclientconnectionstothedatabase.Onlythedatabaseserversusethis
network;storagecellsarenotassignedanIPaddressonthisnetwork.Andeven
thoughthedatabaseservershaveanIPonthisnetwork,youcannotconnectto
theseIPaddressesusingSSH,becauseSSHisnotconfiguredtolistenonthis
network.Onenetworkdrop(minimum)isrequiredforeachdatabaseserverto
provideaccessthroughyourcompanynetwork.Ifchannelbondingisusedto
providehardwareredundancy,youwillneedtwodropsperdatabaseserver.
Thecablepairsfromthedatabaseserversshouldbeconnectedtoredundant
networkswitchestoprovidefullnetworkredundancy.Ifchannelbondingis
configuredfortheclientaccessnetwork,OneCommandconfiguresthese
devicesintheifcfg-eth1andifcfg-eth2configurationfilesinthe
/etc/sysconfig/network-scriptsdirectory.Theyarebondedtothebondeth0
devicedefinedintheifcfg-bondeth0file.Forexample,thefollowinglisting
showshowthemasterbonddeviceisreferencedbytheeth1andeth2slave
devices.

# egrep 'DEVICE|MASTER|SLAVE' ifcfg-bondeth0 ifcfg-eth1 ifcfg-eth2 
ifcfg-bondeth0:DEVICE=bondeth0 
ifcfg-eth1:DEVICE=eth1 
ifcfg-eth1:MASTER=bondeth0 
ifcfg-eth1:SLAVE=yes 
ifcfg-eth2:DEVICE=eth2 
ifcfg-eth2:MASTER=bondeth0 
ifcfg-eth2:SLAVE=yes  

Channel Bonding (NET1):OraclerecommendsthatyouconfigureNICbonding
fortheclientaccessnetworktoprovidenetworkredundancy.Ifyouchooseto
bondtheclientaccessnetwork,OneCommandwilluseNET2asthesecondary
networkdevice.
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Additional Network (NET2):Ifchannelbondingisnotconfiguredfortheclient
accessnetwork,NET2ismaybeusedtoconfigureanadditionalnetwork.

Additional Network (NET3):TheNET3deviceisavailableasanadditional
networkifneeded.

Tip:Inadditiontothenetworkdeviceswe’vediscussedhere,eachExadataX2-2computenodefeaturestwo
10gigabitEthernet(10gE)networkports.Theseportsarenotreadytobeusedrightoutofthebox.Youmustfirst
purchaseandinstallSFPtransceivermodulesinordertoconnectthemtoyournetworkswitch.EachExadataX2-8
computenodehaseightofthese10gEports.Ifyourbackupmediaserversupports10gE,thenthisnetworkcould
beusedtoimprovetheperformanceofyourdatabasebackups.

CellAlertNotificationParameters

Thecellsrvmanagementservice(oneachstoragecell)monitorsthehealthofthestoragecellsandis
capableofsendingoutSMTPandSNMPnotificationsifproblemsarise.ConfiguringemailandSNMP
alertnotificationsforthestoragecellsisoptionalbuthighlyrecommended.Table8-4describesthe
variousparametersusedtoconfigureCellAlertNotifications.

Table 8-4. Cell Alert Notification Parameters 

Configuration Parameter Description 

SMTPServer ThisisthenameoftheSMTPserverthestoragecellswilluse
forroutingemailalertnotifications.Forexample:
mail.corporate.com.

SMTPPort ThisistheSMTPemailportusedforroutingemail
notifications.Forexample:25,or465.

smtpUseSSL Thisfieldindicateswhetherornotyouremailserverrequires
secureconnectionsusingSSL.ValidresponsesareYesand
No.

smtpToAddr Thisfieldshouldbefilledinwithacomma-delimitedlistof
emailaddressesfordistributingemailalerts.Forexample:
dba@corporate.com,john.doe@corporate.com.

smtpFromAddr Thisisthereturnaddressforemailalerts.Forexample:
exadata@corporate.com.

smtpFrom Thisemailaddressappearsinthe“From”fieldofemail
alerts.Forexample:Exadata Database Machine.

mailto:dba@corporate.com
mailto:john.doe@corporate.com
mailto:exadata@corporate.com
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Configuration Parameter Description 

smtpUser Thisistheusernamethestoragecellwilluseforloggingin
totheSMTPserver.

smtpPwd ThispasswordisusedtoestablishsessionswithyourSMTP
server.IfyourSMTPserverdoesnotrequireauthentication,
thisfieldmaybeleftblank.

snmpSubscriber Thisisthehost,port,andcommunityforreceivingSNMP
alertnotifications.Theportandcommunityattributesare
optional.Thedefaultportis162,andthedefaultcommunity
is‘public’.Forexample:snmp.corporate.com,162,public.

Youmayenteronlyonetargethere,butadditionalSNMP
targetscanbeaddedaftertheinstallationiscomplete.

Step2:TheDBMConfigurator
Onceyou’vecompletedtheconfigurationworksheet,theinformationyougatheredcanbetransferredto
theDBM(DatabaseMachine)Configurator.TheDBMConfiguratorisanExcelspreadsheet
(dbm_configurator.xls)thatgeneratesalltheinputfilesOneCommandwillneedtocarryoutthe
installationprocess.Thespreadsheetislocatedinthe/opt/oracle.SupportTools/onecommanddirectory
oneverycomputenode.TheDBMConfiguratorisheavilydocumentedintheExadataDatabase Machine 
Owner’s Guide,sowewon’tbediscussingallofthefieldshere.Butwewilltakealookathowafewof
themareusedintheinstallationprocess.Table8-5describesafewofthekeydata-entryfieldsfromthe
spreadsheet.

Table 8-5. DBM Configurator 

Field Description 

CustomerName Thisfieldisusedwhencreatingthebasedirectoryforthe
outputfilesgeneratedbytheConfigurator.Forexampleifthe
customernameis“OurCompany”thenadirectorynamed
C:\dbmachine_OurCompanywillbecreatedtostoretheoutput
files.

ExadataDatabaseMachineName Aswediscussedearlier,themachinenameisusedasaprefix
fornetworkhostnamesandasasuffixforASMdiskgroup
names.Additionally,itisalsousedforthetargetdirectoryname
(insidethebasedirectorymentionedabove)forstoringthe
outputfiles.ThisallowstheConfiguratortomanagethe
configurationofmultipleDatabaseMachineconfigurations.
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Field Description 

DataDiskgroupName



ThenamefortheASMDATAdiskgroupisgenerated
automaticallyintheform:DATA_{machine_name}.Thedefault
namecanbechangedhere,asneeded,beforegeneratingyour
parameterfiles.

RecoDiskgroupName ThenamefortheASMRECOdiskgroupisgenerated
automaticallyintheform:RECO_{machine_name}.Thedefault
namecanbechangedhere,beforegeneratingyourparameter
files.



TheDBMConfiguratorprocessisasfollows:

1. Entertheconfigurationparametersfromtheconfigurationworksheetintothe
DBMConfigurator.

2. ClicktheGeneratebuttonontherightsideofthespreadsheet.Abriefreport
showingthetopologyofyoursystemisgeneratedatthebottomofthe
spreadsheet.Scrolldowntoreviewyoursettingsandmakecorrectionstothe
outputasneeded.Whenyouarefinishedmakingchanges,youarereadyto
createtheoutputfiles.

3. ThelaststepistoclicktheCreateConfigFilesbutton.Thisgeneratesthe
parameteranddeploymentfilesusedbyOneCommand.Italsocreatesan
installation templateinaseparatespreadsheettabintheConfigurator.The
informationinthetemplateconsistsmostlyoftheinputparametersyou
providedinaneasy-to-readformat.Reviewthetemplatecarefullyandmake
changesinthedataentryortopologyreportareasasneeded.Ifyoumustgo
backandmakeanychanges,youshouldclicktheGenerateandCreateConfig
Filesbuttonsagainsothatyourchangesarewrittentotheoutputfiles.

Caution:Becarefulwhenfillingoutthespreadsheet.It’sveryeasyforatypotoslipthroughandcauseyou
problemslater.Thetopologyreportgeneratedbelowthedataentryfieldsisusefulforcatchingerrorsinthehost
namesandIPaddressesyouentered.ThisreportiscreatedwhenyouclicktheGeneratebutton.

Step3:UploadParameterandDeploymentFiles
TheDBMConfiguratorgeneratesanumberoffilesthatwillbeusedtoconfigureyourExadataDatabase
Machine.ThesefilesaresavedintheC:\dbmachine_{company_name}\{machine_name}directory.Thefiles
areprimarilyusedbyOneCommandtoperformtheinstallationandconfigurationprocess.Butafewof
thefilesareusedbyotherprocesses.Forexample,thecheckip.shscriptusesthedbm.datfiletoperform
networkreadinesstestspriortorunningOneCommand.Thesefileswillbeneededforvarioustasks
goingforwardintheconfiguration,andtheymustbeuploadedtothefirstcomputenodeonyour
Exadataplatform.
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ThereareacoupleofwaystotransfertheparameteranddeploymentfilestoExadata.Onemethod
involvessettinguptemporarynetworkaccesstothefirstcomputenode.Thisnetworkconfigurationwill
bereplacedwithpermanentnetworksettingsbyFirstbootorApplyConfiginsubsequentsteps.The
otheroptionistosavethefilestoaportableUSBflashdriveandthen,usingtheUSBportonthefront
panelofthefirstcomputenode,copythefilestotheOneCommanddirectory.We’lltalkaboutwhere
thatdirectoryisinthefollowingexample.TheUSBapproachisasfollows:

1. ConnecttheUSBflashdrivetoyourlaptopandcopythedirectorycontaining
yourconfigurationfilestotheUSBdrive.Forexample: 

mkdir e:\exa 
copy C:\dbmachine_OurCompany\exa e:\exa 
 
C:\> copy dbmachine_OurCompany\exa e:\exa 
dbmachine_OurCompany\exa\all_group 
dbmachine_OurCompany\exa\all_ib_group 
dbmachine_OurCompany\exa\all_nodelist_group 
dbmachine_OurCompany\exa\cell_group 
dbmachine_OurCompany\exa\cell_ib_group 
dbmachine_OurCompany\exa\checkip.sh 
dbmachine_OurCompany\exa\config.dat 
dbmachine_OurCompany\exa\databasemachine.xml 
dbmachine_OurCompany\exa\dbm.dat 
dbmachine_OurCompany\exa\dbmachine.params 
dbmachine_OurCompany\exa\dbMachine_exa 
dbmachine_OurCompany\exa\dbs_group 
dbmachine_OurCompany\exa\dbs_ib_group 
dbmachine_OurCompany\exa\hosts.sample 
dbmachine_OurCompany\exa\preconf-11-2-1-1-0.csv 
dbmachine_OurCompany\exa\preconf-11-2-1-2-2.csv 
dbmachine_OurCompany\exa\preconf-11-2-2-1-0.csv 
dbmachine_OurCompany\exa\preconf.csv 
dbmachine_OurCompany\exa\priv_ib_group 
       19 file(s) copied. 

2. RemovetheUSBflashdrivefromyourlaptopandconnectittotheUSBport
onthefrontpanelofthefirstcomputenodeinyoursystem.Theserversare
numberedfrombottomtotopintherack,sothebottom-mostcomputenode
istheoneyouarelookingfor.

3. UsingtheExadataKVM,logintothefirstcomputenodeasrootandcheckthe
/var/log/dmesgfiletodeterminethedevicenameassignedtotheUSBflash
drive.Forexample,youshouldseeamessagesomethinglikethefollowing: 

… Attached scsi removable disk sdb

Youcanconfirmthepartitionanddevicenameusingthefdiskcommandas
follows:

# fdisk -l /dev/sdb 
 
Disk /dev/sdb: 2038 MB, 2038431744 bytes 
251 heads, 62 sectors/track, 255 cylinders 
Units = cylinders of 15562 * 512 = 7967744 bytes 
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   Device Boot  Start   End      Blocks   Id  System 
/dev/sdb1   *       1   256     1990624    c  W95 FAT32 (LBA) 

4. CreateadirectoryyoucanuseasamountpointfortheUSBflashdrive.For
example,/mnt/usb.

5. MounttheUSBdeviceusingthefollowingcommand. 

# mount -t vfat /dev/sdb1 /mnt/usb  

6. Copythefilestotheonecommanddirectoryasfollows: 

# cp /mnt/sdb1/exa/* /opt/oracle.SupportTools/onecommand 

7. UnmounttheUSBflashdriveasfollows: 

# umount /mnt/usb 

8. YoucannowremovetheUSBflashdrivefromthecomputenode.

Table8-6describeswhatthesefilesareandhowtheyareusedintheinstallationandconfiguration
process.

Table 8-6. Parameter and Deployment Files 

File Name Description 

dbs_ib_group ThisfilecontainstheprivatenetworkIPaddress,longnetwork
hostname,andshortnetworkhostnameforallcompute
nodes.Theformatissimilartowhatyouwouldseeinthe
/etc/hostsfile,intheform:ip_address long_name short_name

cell_ib_group Thisfilecontainsinformationsimilartothatofthe
dbs_ib_groupfile,buttheinformationpertainstothestorage
cells.

priv_ib_group Thisfileisacombinationofthedbs_ib_groupand
cell_ib_groupfilesandisusedfortopopulatethe/etc/hosts
file.

all_group Thisfilecontainsthehostnamesforalldatabaseserversand
storagecellsintheExadataDatabaseMachine;Forexample,
exadb01,exacel01

all_ib_group Thisfilecontainstheprivatehostnamesforallserversand
storagecellsintheconfiguration.Forexample:exadb01-priv
andexacel01-priv.

all_nodelist_group Thisfileisacombinationoftheall_groupandall_ib_group
files.
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File Name Description 

cell_group Thisfilecontainsalistofthehostnamesforallstoragecellsin
yourconfiguration.Forexample:exacel01,exacel02,exacel03,
andsoon.

dbs_group Thisfilecontainsalistofthehostnamesforallcomputenodes
inyourconfiguration.Forexample: exadb01,exadb02,exadb03,
andsoon.

hosts.sample Thisisasamplehostsfilethatisinstalledin/etc/hostswhen
thereisnoDNSserveravailable.

checkip.sh Thisisthenetworkvalidationscriptyouwillrunbeforerunning
theOneCommandutility.Amongotherthings,itverifiesaccess
totheNTPserver,checksnameresolutionusingyourDNS
server,andcheckstoseeifanyoftheIPaddressesinyour
configurationarealreadyinuse.We’lltalkmoreabout
checkip.shinstep4.

dbm.dat ThisfilecontainsyournetworkhostnamesandIPaddresses.It
isusedbythecheckip.shscripttovalidatethenetworksettings
youspecified.Whenyouarerunningthecheckip.shscript,this
filemustbeinthesamedirectory.

config.dat Thisfilecontainsalltheconfigurationparametersandnetwork
settingsfromtheDBMConfiguratorinaname=valueformat.

dbmachine.params ThisistheinputparameterfileusedbyOneCommandto
configureyoursystem.

dbMachine_{machine_name} ThisfileisusedtogeneratetheInstallationTemplate,which
showsupinaseparatespreadsheettabintheDBM
ConfiguratorafteryouclicktheCreateConfigFilesbutton.

preconf.csv Thisisthe1Firstbootconfigurationfileusedbyrelease
11.2.2.1.0andlaterofthecellsoftwareimage.

preconf-11-2-1-1-0.csv Thisisthe1Firstbootconfigurationfileusedbyreleases
11.2.1.2.3,and11.2.1.2.6ofthecellsoftwareimage.

preconf-11-2-1-2-2.csv The1Firstbootconfigurationfileusedbyrelease11.2.1.3

preconf-11-2-2-1-0.csv Thisisthe1Firstbootconfigurationfileusedbyreleases11.2.2.1
andlater.

1
Firstboot is run before OneCommand and performs the initial configuration of the servers. We’ll talk more 

about Firstboot later in this chapter. 



CHAPTER8CONFIGURINGEXADATA

258

Inadditiontothefileslistedinthistable,OneCommandalsocreatesadatabasetemplate
(dbmDBTemplate)usedforcreatingyourstarterdatabase.Thetemplatecontainsdatabaseparametersthat
shouldbeusedwhenevercreatingdatabasesonExadata,suchasthese:

_file_size_increase_increment 
_kill_diagnostics_timeout 
_lm_rcvr_hang_allow_time 

Thetemplatefile,dbmDBTemplate.dbt,isinstalledinthe$ORACLE_HOME/assistants/dbca/templates
directoryduringtheOneCommandinstallationprocess.

Step4:CheckIP(checkip.sh)
OneofthefilestheDBMConfiguratorgeneratesisashellscriptusedtovalidateyournetworksettings.
Thecheckip.sh(CheckIP)scriptreadsyournetworkconfigurationsettingsfromitsparameterfile
(dbm.dat,alsogeneratedbytheConfigurator)andrunsavarietyofteststoverifynetworkreadiness
before,during,andaftertheconfigurationprocess.CheckIPteststhenetworktoconfirmthatthe
followingconditionsaremet:

• IPaddressesthatshouldrespondtoaping,do.

• IPaddressesthatshouldnotrespondtoaping,donot.

• HostnamesthatmustberegisteredinDNScanbebothforwardandreverse
resolvedusingthefirstDNSserverspecifiedinthedbm.datfile.

BeforerunningOneCommand,thecheckip.shscript(CheckIP)shouldberuntovalidatethe
readinessofyourcorporatenetwork.Thescripthasseveralmodesofoperationthatvalidateyour
networkconfigurationatvariouspointsoftheconfigurationprocess.Atthispoint,youshouldrun
CheckIPinpre_applyconfigmodefromaserver,externaltoExadataplatform.Theserveryouchooseto
runCheckIPfrommusthavethesamenetworkvisibilityasyourExadatasystemwillhave.Forexample,
theservermusthaveaccesstothesameDNSserverandNTPserver,anditmustbeabletopingtheIP
addressesyoulistedinyournetworksettingsforExadata.Ideally,theserveryouchooseshouldrunthe
Linuxoperatingsystem,butUnixserversmayworkaswell.CheckIPusestheBashshell,whichis
popularontheLinuxplatformbutalsoavailableonmostversionsofUnix.TheO/Scommandsrequired
byCheckIPincludehost, ping, ntpdate, tr, cut, sed, wc, grep,and head.Beawarethatevenifthese
commandsareavailableonyourUnixserver,theymayproduceincompatibleoutputandcausefalse
failuresintheoutput.Thecheckip.shscriptandthedbm.datparameterfilearecreatedinLinux/Unix
format,sowhenyouuploadthemfromyourlaptop,besuretotransfertheminbinarymode.Ifyouwant
tobesure,youcanusethedos2unixcommandafteruploadingthemtoensurethattheformatiscorrect
beforeexecutingthescript.Uploadthecheckip.shanddbm.datfilestoaserveronyournetworkandrun
thefollowingcommandastherootuser:

./checkip.sh -m pre_applyconfig 

CheckIPwillprintitsprogressouttothescreenaswellasbuildadbm.outreportfile.Thefollowinglisting
showssampleoutputfromtheCheckIPscript:

Running in mode pre_applyconfig 
Using name server 192.168.10.15 found in dbm.dat for all DNS lookups 
Processing section # 
Processing section 
Processing section DOMAIN 
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ourcompany.com 
… 
Processing section GATEWAY 
GOOD : 10.34.96.1 pings successfully 
GOOD : 10.34.97.1 pings successfully 
GOOD : 10.34.97.1 pings successfully 
GOOD : 10.34.98.1 pings successfully 
 
Processing section SCAN 
GOOD : exa-scan.ourcompany.com resolves to 3 IP addresses 
GOOD : exa-scan.ourcompany.com forward resolves to 10.34.97.36 
GOOD : 10.34.97.36 reverse resolves to ex01-scan.ourcompany.com. 
GOOD : 10.34.97.36 does not ping 
GOOD : exa-scan.your.ourcompany.com forward resolves to 10.34.97.37 
GOOD : 10.34.97.37 reverse resolves to ex01-scan.ourcompany.com. 
GOOD : 10.34.97.37 does not ping 
GOOD : exa-scan.ourcompany.com forward resolves to 10.34.97.38 
GOOD : 10.34.97.38 reverse resolves to ex01-scan.ourcompany.com. 
GOOD : 10.34.97.38 does not ping 
… 
Processing section COMPUTE 
GOOD : exadb01.ourcompany.com forward resolves to 10.34.96.20 
GOOD : 10.34.96.20 reverse resolves to exadb01.ourcompany.com. 
GOOD : 10.34.96.20 does not ping 
GOOD : exadb02.ourcompany.com forward resolves to 10.34.96.21 
GOOD : 10.34.96.21 reverse resolves to exadb02.ourcompany.com. 
GOOD : 10.34.96.21 does not ping 
… 
Processing section CELL 
GOOD : exacel01.ourcompany.com forward resolves to 10.34.96.28 
GOOD : 10.34.96.28 reverse resolves to exacel01.ourcompany.com. 
GOOD : 10.34.96.28 does not ping 
GOOD : exacel02.ourcompany.com forward resolves to 10.34.96.29 
GOOD : 10.34.96.29 reverse resolves to exacel02.ourcompany.com. 
GOOD : 10.34.96.29 does not ping 
… 
Processing section SWITCH 
… 
Processing section VIP 
… 
Processing section NET3 
… 
Processing section SMTP 


Theoutputreportgeneratedinthedbm.outfilecontainsthesameinformationasweseeinthe

display.Ifanyvalidationerrorsoccur,theyareprefixedwithERROR,’andamessagedescribingthe
failureindicatestheproblemencountered,andwhattheexpectedresultsshouldbe.Forexample:
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Processing section SCAN 
GOOD : exa-scan.ourcompany.com resolves to 3 IP addresses 
ERROR : exa-scan. ourcompany.com forward resolves incorrectly to 144.77.43.182 144.77.43.181 
144.77.43.180 , expected 144.77.43.87 
… 
Processing section COMPUTE 
GOOD : exadb01.ourcompany.com forward resolves to 10.80.23.1 
GOOD : 10.80.23.1 reverse resolves to exadb01.ourcompany.com. 
ERROR : 10.80.23.1 pings 


TheoutputfromCheckIPmustcontainnoerrors.Ifyouseeanyerrorsintheoutput,theymustbe

correctedbeforerunningOneCommand.Checkthedbm.datfileandmakesureyoudidn’tenteranIP
addressincorrectly,ormistypeahostnamebeforeopeningadiscussionwithyournetwork
administrator.SometimesasimplecorrectiontoadataentryfieldontheDBMConfiguratorisallthatis
needed.Ifeverythinglooksinorderfromyourside,thensendthedbm.outfiletoyournetwork
administratorforremediation.

Step5:Firstboot
WhentheOraclehardwareengineerscompletetheirinstallation,youarereadytobootupthecompute
nodesandstoragecellsforthefirsttime.WhenyouarereadytobeginconfiguringExadata,openupthe
internalKVMandpoweruponecomputenodeorstoragecellatatime.It’snotimportantwhichorder
youfollow.TheFirstbootprocessisnotdocumentedintheOraclemanuals,sowe’lltakeaminutetotalk
throughthebootprocessandwhathappensthefirsttimeyouboottheserversandstoragecells.

Everytimeaserverbootsup,the/etc/init.d/precelscriptiscalledatrunlevel3.Thisscriptcalls
the/opt/oracle.cellos/cellFirstboot.sh(Firstboot)script.Firstbootdetermineswhetherornotthe
networksettingshavebeenconfigured.Thisisundocumented,butitappearsthatitistriggeredbythe
existenceofthe/opt/oracle.cellos/cell.conffile.Thisfileiscreatedandmaintainedbythe
/opt/oracle.cellos/ipconf.pl script(IPConf)andcontainsalltheinformationaboutyournetwork
configuration.Ifthefileexists,itisassumedthatthesystemisalreadyconfiguredandthebootcycle
continues.Butifthefileisnotfound,FirstbootcallsIPConfandyouarelead,interactively,throughthe
networkconfigurationprocess.IPConfisusedtosetthefollowingnetworksettingsforyourcompute
nodesandstoragecells:

• NameServer(DNS)

• TimeServer(NTP)

• CountryCode

• LocalTimeZone

• Hostname

• IPaddress,netmask,gateway,type,andhostnameforallnetworkdevices.The
typeisrequiredandusedforinternaldocumentationinthecell.conffile.Valid
typesarePrivate,Management,SCAN,andOther.

Forexample,thefollowinglistingshowsthepromptsforconfiguringthemanagementnetwork:
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Select interface name to configure or press Enter to continue: eth0 
Selected interface. eth0 
IP address or none: 192.168.8.217 
Netmask: 255.255.252.0 
Gateway (IP address or none) or none: 192.168.10.1 
 
Select network type for interface from the list below 
1: Management 
2: SCAN 
3: Other 
Network type: 1 
Fully qualified hostname or none: exadb03.ourcompany.com 

Whenyouhavefinishedenteringallyournetworksettings,IPConfgeneratesanewcell.conf
fileandrebootsthesystem.Oncethesystemhasfinishedrebooting,itisreadyfortheO/S
configurationandsoftwareinstallationperformedbyOneCommand.

ApplyConfig 

Forquarterrackandhalfrackconfigurations,it’safairlytrivialtasktoenterallyournetwork
settingsusingtheFirstbootprocess.Forfullrackconfigurations,however,itcanbeatime-
consuminganderror-proneprocess.Theapplyconfig.shscript(ApplyConfig)automatesthe
process.ApplyConfigisfoundinthe/opt/oracle.SupportTools/firstconfdirectoryofall
computenodesandstoragecells.ItisbasicallyawrapperscriptfortheIPConfscriptwe
discussedearlier,forFirstboot).Instep3,wediscussedthevariousparameterand
deploymentfilesgeneratedbytheDBMConfigurator.Amongthesefileswasthepreconf.csv
parameterfile,(seealsopreconf-11-2-1-1-0.csv,preconf-11-2-1-2-2.csv,andpreconf-11-2-
2-1-0.csv).Thepreconf.csvfilecontainsallthenetworksettingsIPConfneedstocreatea
cell.conffileforeachcomputenodeandstoragecell.

IPConfmayberuninteractively(aswesawintheFirstbootexample),allowingyoutoenteryour
networksettingsmanually.IPConfmayalsoberunnon-interactively,takingitsinputfromthe
preconf.csvparameterfile.Whenruninthismode,IPConfcreatesafullsetofcell.conffiles,onefor
eachcomputenodeandstoragecell.Forexample,thefollowingcommandcreatesalltherequired
cell.conffilesforanExadatahalfrackconfiguration:

[root@exadb01 root]# cd /opt/oracle.SupportTools/firstconf 
[root@exadb01 firstconf]# /opt/oracle.cellos/ipconf \ 
  –preconf /opt/oracle.SupportTools/onecommand/{company_name}/preconf.csv \ 
  -generateall \ 
  -generateorder /opt/oracle.SupportTools/firstconf/half 

Thatlastparameter(half)isareferencetoaparameterfilecontainingthefactorydefaultprivateIP
addressforallcomputenodesandstoragecellsinanExadatahalfrackconfiguration.Thefilesgenerated
byIPConfaresavedinthe/tmp/ipconfdirectoryasfollows:

[root@exadb01 firstconf]# ls -1 /tmp/ipconf 
cell.conf.exacel01.ourcompany.com 
cell.conf.exacel02.ourcompany.com 
cell.conf.exacel03.ourcompany.com 
cell.conf.exacel04.ourcompany.com 
cell.conf.exacel05.ourcompany.com 
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cell.conf.exacel06.ourcompany.com 
cell.conf.exacel07.ourcompany.com 
cell.conf.exadb01.ourcompany.com 
cell.conf.exadb02.ourcompany.com 
cell.conf.exadb03.ourcompany.com 
cell.conf.exadb04.ourcompany.com 

ApplyConfigcallsIPConftogeneratethesefilesandinstallsthemas/opt/oracle.cellos/cell.conf
ineachcomputenodeandstoragecell.TorunApplyConfig,loginasroottothefirstcomputenodein
yoursystemandrunapplyconfig.shasfollows:



[root@exadb01 root]# cd /opt/oracle.SupportTools/firstconf 
[root@exadb01 firstconf]# ./applyconfig.sh half \  
  /opt/oracle.SupportTools/onecommand/preconf.csv 

Oncethecell.conffileshavebeeninstalledonallservers,ApplyConfigusesthedclicommandto
runthecleanup_n_reboot.shscriptonallservers.Asthenameimplies,thisscriptperformscleanup
tasksandrebootstheservers.Oncetheserverscompletethebootcycle,Exadatashouldbereadytobe
configuredusingOneCommand.

WhetheryouchoosetoconfiguretheExadatanetworkcomponentsmanually,usingFirstboot,orby
runningApplyConfig,youshouldverifythenetworkconfigurationonceagainbeforeproceedingwith
theinstallationprocess.RuntheCheckIPpost_applyconfigprocesstoverifyyourconfigurationas
follows:

# cd /opt/oracle.SupportTools/onecommand 
[root@exadb03 onecommand]# ./checkip.sh -m post_applyconfig 
 
Exadata Database Machine Network Verification version 1.9 
Network verification mode post_applyconfig starting ... 
Saving output file from previous run as dbm.out_8385 
Using name server 192.168.10.19 found in dbm.dat for all DNS lookups 
Processing section DOMAIN  : SUCCESS 
Processing section NAME    : SUCCESS 
Processing section NTP     : SUCCESS 
Processing section GATEWAY : SUCCESS 
Processing section SCAN    : SUCCESS 
Processing section COMPUTE : SUCCESS 
Processing section CELL    : SUCCESS 
Processing section ILOM    : SUCCESS 
Processing section SWITCH  : SUCCESS 
Processing section VIP     : SUCCESS 
Processing section SMTP    : SMTP "Email Server Settings" mail.ourcompany.com 25:0 SUCCESS 

Again,theoutputfromalltestsmustbeSUCCESSbeforecontinuingwiththeinstallation.Iferrors
occur,youcanreviewthedbm.outfileforthereasonofthefailure.

Step6:StagingtheInstallationMedia
ThelaststepbeforerunningOneCommandistomakesureyouhavethenecessaryOracleinstallmedia
properlystagedonthefirstcomputenode.OneCommandwillhandleunzippingtheinstallationfilesto
aworkingdirectoryandperformtheentireinstallationautomatically.MyOracleSupport(MOS)note
888828.1containsacompletelistofOraclesoftwareandpatchessupportedfortheExadataDatabase
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Machine.However,theversionofOneCommandthatcamewithyourExadatasystemonlysupports
automaticinstallationofcertainsoftwareversionsandpatches.

TheExadata Owner’s GuidethatcamewithyoursystemspecifiestheRDBMSandGrid
InfrastructureinstallationmediaOneCommandneedsfortheinstallation.Thepatchesandinstallmedia
requiredbyOneCommandtendstochangeasnewversionsofOneCommandarereleased.Currently,
thefollowingmediaisrequiredbyOneCommand:

• OracleRDBMS&GridInfrastructure11.2.0.2(patch10098816)

• p10098816_112020_Linux-x86-64_1of7.zip 

• p10098816_112020_Linux-x86-64_2of7.zip 

• p10098816_112020_Linux-x86-64_3of7.zip 

TheReadmefileincludedwithintheonecommanddirectorystateswhichbundlepatchesare
supportedbytheversionofOneCommandinstalledonyoursystem.Forexample,werecentlyinstalleda
quarterrackX2-2systeminourlab.Thefollowinglistingshowsthepatchessupportedbyitinthe
Readmefile:

# egrep 'PATCHES|bundle patch' /opt/oracle.SupportTools/onecommand/README 
PATCHES Applied with this version 
Bug 10252487 - 11.2.0.2 db machine bundle patch 1 
 
CheckingMOSnote888828.1,weseethatBundlePatch1for11.2.0.2ispatch10252487. 

• BundlePatch1(patch10252487)

• p10252487_112020_Linux-x86-64.zip

Theinstallmedia(zipfiles)listedabovemayalreadybeinstalledonthefirstcomputenodeofyour
ExadataDatabaseMachine.Soit’sworthalook,anditmaysaveyousometimetocheckbefore
downloadingtheinstallationfiles.Ifnecessary,downloadandstagetheinstallationfilesinthe
/opt/oracle.SupportTools/onecommanddirectoryonthefirstcomputenode.

Step7:RunningOneCommand
AlthoughExadatacanbeconfiguredmanually,OneCommandisthepreferredmethod.OneCommandis
anOracle-providedutilityconsistingofseveralconfigurationsteps,(31asofthiswriting).OneCommand
providestwoveryimportantbenefitstoExadatacustomersandOracle’ssupportstaff.First,itcreatesa
limitednumberofstandardized(andwellknown)configurations,whichmakestheplatformmuch
easiertosupport.Afterall,whowantstohear“oh,I’veneverseenitconfiguredthatwaybefore”when
wefinallygetasupporttechonthephone?ThisisoneofExadata’skeystrengths.Second,itprovidesa
simplifiedandstructuredmechanismforconfiguringExadatafromstarttofinish.Thismeansthatwith
verylittleknowledgeofExadatainternals,anexperiencedtechniciancaninstallandconfigureExadata
inamatterofhours.It’sunclearwhetherOracleoriginallyintendedtoprovidesupportfor
OneCommandexternally,butaboutthesametimetheX2beganshipping,Oracleaddedittothe
Exadata Owner’s Guide.TheinstructionsintheOwner’sGuidearenotveryextensive,buttheReadme
includedwiththeutilitydoesafairlygoodjobofexplaininghowtorunit,andwhattowatchoutfor.
OneCommandcomespreinstalledinthe/opt/oracle.SupportTools/onecommanddirectoryonyour
computenodes.IfyouneedaccesstothelatestversionofOneCommand,itisavailablefordownload
fromOracle’sTechnologyNetwork.Thedownloadlinkispassword-protectedhowever,andyouwill
needtoopenaservicerequestwithOracleSupporttorequesttemporaryaccesstodownloadit.
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OneCommandisamultiple-stepprocessthatisrunfromashellscriptcalleddeploy112.sh.These
stepscanberunend-to-endoroneatatime.Table8-7showseachstepintheOneCommandprocess
alongwithabriefdescriptionofwhatthestepdoes.

Table 8-7. OneCommand Steps 

File Name Description 

Step0 Validatesthecomputenodefromwhichyouarerunningtheinstallation.Itverifies
thenetworkconfigurationoftheserver,verifiesandunzipstheinstallationmedia,
verifiesthecell.conffile,andverifiesthatallparameteranddeploymentfilescan
befoundintheonecommanddirectory.

Step1 CreatesSSHkeysfortherootaccountonallcomputenodesandstoragecellsfor
trustedSSHauthentication.

Step2 Validatesthecell.conffileonallcomputenodesandstorageserversandverifies
thatallstoragecellsareinstalledwiththesameversionofcellsoftware.

Step3 UnzipstheDBMS,GridInfrastructure,andbundlepatchfiles.

Step4 Updatesthe/etc/hostsfiles.

Step5 Createsthecellip.orafileonthecomputenodes,andthecellinit.orafileonthe
storagecells.

Step6 ValidatesthehardwareonallserversandcellsusingtheCheckHWnFWProfile
command.

Step7 VerifiestheInfiniBandnetwork.

Step8 ValidatesthestoragecellsbyrunningvariousCellCLIcommands.Forexample:

cellcli -e list physicaldisk

Step9 ChecksRDSusingthe/usr/bin/rds-pingcommand.

Step10 CheckcelldisksusingtheCellCLIcalibrate command.Thiscommandteststhe
performancecharacteristicsofyourcelldisks.

Step11 Validatesthedate,time,andNTPsynchronizationacrossallcomputednodesand
storagecells.TheNTPserviceisstartedifnecessary.

Step12 Updatesthefollowingfilesonthedatabaseservers,addingsettingstypicalforan
Oracledatabaseserverenvironment:

/etc/security/limits.conf 

/etc/profile
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File Name Description 

Step13 CreatestheOracleLinuxuserandgroupaccounts.Forexample,oracle,oinstall,
dba,andsoon.

Step14 ConfiguresSSHequivalencyfortheuseraccountscreatedinStep13.

Step15 CreatestheORA_CRS_HOMEandORACLE_HOMEdirectoriesfortheGridInfrastructure
anddatabasesoftware.

Step16 Createsallcelldisks,griddisks,andtheflashcache(ifenabledontheDBM
Configuratorspreadsheet).

Step17 PerformsasilentinstallationofGridInfrastructure.

Step18 Runstherootscripts(root.sh)forpost-installationoftheGridInfrastructure.
Whenthisstepiscomplete,yourOCRandVotingdiskswillbecreatedandthe
clustershouldberunning.

Step19 Performsasilentinstallationofthedatabasesoftware.

Step20 CreatesthedefaultOracleListener.

Step21 RunsasmcaandcreatesyourASMdiskgroups.Forexample:DATA,andRECO.

Step22 ShutsdowntheclusterandopenspermissionsontheORA_CRS_HOMEusingthe
rootcrs.pl –unlock command.

Step23 InstallsBundlePatch1(patch10252487)fortheGridInfrastructureanddatabase
software,andrelinkstheOraclesoftwarestack.

Step24 ConfigurestheRDSprotocolfortheclusterInterconnect.

Step25 LocksdownthepermissionsfortheGridInfrastructure(ORA_CRS_HOME)directories
andrestartstheclusterstack.

Step26 Configurescellalertnotificationonthestoragecells.Attheendofthisstepthe
CellCLIcommandalter cell validate mailgeneratestestalertmessages.Ifyou
configuredemailalerts,thenyoushouldgetatestmessagefromeachcell.

Step27 Runsdbcainsilentmodeandcreatesyourstarterdatabase.

Step28 SetsupEnterpriseManagerGridControl.

Step29 Appliessecurityfixesforinthestarterdatabase.Forexample,itdropsunsecured
useraccountssuchasXS$NULL,MGMT_VIEW,andDIP.Thisstepwillshutdownand
restartthecluster.
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File Name Description 

Step30 SecurestheExadataenvironment.Thisstepisoptional.ItremovestheSSH
authenticationkeysfortherootuseraccount.Ifyourunthisstep,youwillnotbe
abletorunremotecommandsonthecomputenodesandstoragecellsfromthe
rootaccountwithoutenteringthepassword.


ThemainscriptusedtorunOneCommandisdeploy112.sh(Deploy112).The31installationsteps

maybelistedbyrunningDeploy112asfollows:


[root@exadb01 onecommand]# ./deploy112.sh -i –l 
The steps in order are... 
Step 0 =  ValidateThisNodeSetup 
Step 1 =  SetupSSHForRoot 
Step 2 =  ValidateAllNodes 
Step 3 =  UnzipFiles 
Step 4 =  UpdateEtcHosts 
Step 5 =  CreateCellipnitora 
Step 6 =  ValidateHW 
Step 7 =  ValidateIB 
Step 8 =  ValidateCell 
Step 9 =  PingRdsCheck 
Step 10 =  RunCalibrate 
Step 11 =  ValidateTimeDate 
Step 12 =  UpdateConfig 
Step 13 =  CreateUserAccounts 
Step 14 =  SetupSSHForUsers 
Step 15 =  CreateOraHomes 
Step 16 =  CreateGridDisks 
Step 17 =  InstallGridSoftware 
Step 18 =  RunGridRootScripts 
Step 19 =  Install112DBSoftware 
Step 20 =  Create112Listener 
Step 21 =  RunAsmCa 
Step 22 =  UnlockGIHome 
Step 23 =  ApplyBP 
Step 24 =  RelinkRDS 
Step 25 =  LockUpGI 
Step 26 =  SetupCellEmailAlerts 
Step 27 =  RunDbca 
Step 28 =  SetupEMDbControl 
Step 29 =  ApplySecurityFixes 
Step 30 =  ResecureMachine 
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Note:OneCommandisconstantlychangingtoimprovetheinstallationprocessandtosupportadditionalbundle
patches.ThenumberofstepsandwhattheydoisverylikelytochangewitheachversionofExadata.Sobesure
toreviewtheREADMEfileforinstructionsonhowtorunOneCommandonyoursystembeforeyoubegin.

TherearenumberofwaysDeploy112maybeused.Forexample,thefollowingcommand-line
optionsprocessall31stepsoftheinstallationprocess,onlystoppingifastepfailes:

[root@exadb01 onecommand]# ./deploy112.sh -i -r 0-30 

Eachstepmustcompletesuccessfullybeforeyoucanproceedtothenext.Oraclerecommends
runningthestepsoneatatime,reviewingtheoutputattheendofeachbeforeproceedingontothe
next.Deploy112providesthiscapabilitywiththe-scommandlineoption.Forexample,theinstallation
procedurewouldlooksomethinglikethefollowing:

[root@exadb01 onecommand]# ./deploy112.sh -i -s 0 

Checkoutputforerrors…

[root@exadb01 onecommand]# ./deploy112.sh -i -s 1 

Checkoutputforerrors…

[root@exadb01 onecommand]# ./deploy112.sh -i -s 2 

Checkoutputforerrors…

[root@exadb01 onecommand]# ./deploy112.sh -i -s 3 

andsoon…

Deploy112takesasinputtheparametersfromthefilesyougeneratedearlierusingtheDBM

Configurator.LogfilesarecreatedeachtimeDeploy112iscalledtoexecuteaconfigurationstep,andfor
somesteps,itdynamicallygeneratesandexecutesashellscriptthatcarriesoutallthetasksrequired.
Reviewingthesefilescanbeveryusefulindeterminingwhyastepfailed.Thelogfilesanddynamically
generatedshellscriptsarestoredintheonecommand/tmpdirectory.

Theoutputgeneratedbythevariousinstallationstepsvariesquiteabit.Butingeneral,Deploy112
displayssomeheaderinformationtellingyouwhatstepitisrunning,wheretofindthelogfile,and
whetheritcompletedsuccessfully.Forexample,thefollowingoutputwasgeneratedbyrunningstep1
onthequarterracksysteminourlab:

Script started, file is /opt/oracle.SupportTools/onecommand/tmp/STEP-1-exadb01-
20110513110841.log 
=========== 1 SetupSSHForRoot Begin =============== 
Setting up ssh for root on ALL nodes.... 
Checking nodes in /opt/oracle.SupportTools/onecommand/all_group 
...... 
INFO: We're running... /opt/oracle.SupportTools/onecommand/setssh-Linux.sh -s -c Y -h 
/opt/oracle.SupportTools/onecommand/all_group -p welcome1 -n N -x 
...................................setssh-Linux.sh Done. 
SUCCESS: Running SetSSH completed successfully...Return Status: 0 Step# 1 
exadb01: Fri May 13 11:09:50 CDT 2011 
exadb02: Fri May 13 11:09:50 CDT 2011 
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exadb03: Fri May 13 11:09:50 CDT 2011 
exadb04: Fri May 13 11:09:50 CDT 2011 
exacel01: Fri May 13 11:09:50 CDT 2011 
exacel02: Fri May 13 11:09:50 CDT 2011 
exacel03: Fri May 13 11:09:50 CDT 2011 
exacel04: Fri May 13 11:09:50 CDT 2011 
exacel05: Fri May 13 11:09:50 CDT 2011 
exacel06: Fri May 13 11:09:50 CDT 2011 
exacel07: Fri May 13 11:09:50 CDT 2011 
SUCCESS: Running dcli completed successfully...Return Status: 0 Step# 1 
INFO: Copying required files to all nodes...please wait... 
INFO: Waiting for copies to complete... 
 
INFO: Did SSH setup correctly... 
Time spent in step 1 SetupSSHForRoot = 69 seconds 
=========== 1 SetupSSHForRoot completed =============== 
Running single step at a time....Exiting now 
Exiting... 
Script done, file is /opt/oracle.SupportTools/onecommand/tmp/STEP-1-exadb01-20110513110841.log  

Upgrading Exadata 
WithallthecompaniesoutthereadoptingtheExadataplatform,weexpecthardwareupgradestobean
increasinglypopulartopicinthenearfuture.OurforayintotheExadataspacebeganoverayearago
withanExadataV2QuarterRackconfiguration.Acoupleofmonthsagoweupgradedoursystemtoa
halfrack.Ofcourse,theV2sarenolongerinproduction,soourupgradecameintheformoftwoX2-2
databaseservers,andfourstoragecells.Theconfigurationoptionsweconsideredwereasfollows:

• ConfigurethenewX2equipmentasaseparateRACclusterandstoragegrid,
creatingtwosomewhatasymmetricquarterrackconfigurationswithinthesame
Exadataenclosure.Oraclereferstothisasa“splitrack”configuration.

• AddthenewX2equipmenttoourexistingquarterrackcluster;effectively
upgradingittoahalfrack.

CreatingaNewRACCluster
TheDBMConfiguratordoesn’tdirectlysupportupgradingasysteminthismanner,butwithafew
adjustmentsitcanbeusedtogenerateallthefilesOneCommandneedstoperformtheinstallation.
OncetheparameteranddeploymentfilesareuploadedtoExadata,youshouldhavenoproblem
runningthroughalloftheconfigurationstepswithoutimpactingyourexistingcluster.Onecoworker
actuallyusedthisprocesstocreateaseparateExadataconfigurationonthenewequipmentwhile
leavingtheexistingsystemuntouched.

Forthemostpart,yousimplyfillintheDBMConfiguratorspreadsheetasifyouarecreatinga
typicalquarterrackconfiguration.ThetrickypartismakingsurethesequentiallyassignednetworkIP
addressesdon’tconflictwithyourcurrentsystem.Thereareafewitemsyouwillneedtoconsiderwhen
usingtheDBMConfiguratorforthistypeofExadataupgrade:

Name Prefixes:–Itisnotrequired,butyoumaywanttosetyourDatabase
MachineName,DatabaseServerBaseName,andStorageServersBaseNames
valuestomatchyourexistingExadataconfiguration.Thatway,ifyouever



CHAPTER8CONFIGURINGEXADATA

269

decidetomergetheseserversintoyouroldcluster,youwon’thavetomake
changestothehostnames.Forexample,ourquarterrackconfigurationhad
databasehostnamesofenkdb01andenkdb02.Addingthenewserverscontinued
withthenamesenkdb03,andenkdb04.Likewise,thestoragecellhostnames
continuedwithenkcel04throughenkcel07.

Client Access SCAN Name:ThisprocedurewillbecreatinganewRACcluster,
soyouwillneedanewSCANnameforit.Youwillalsoneedtoseethatitandall
oftheothernewhostnamesareproperlyregisteredinyourcompany’sDNS
server(justasyoudidwhenyourexistingExadatasystemwasinstalled).

Country Code / Time Zone:Ofcourse,thesesettingsshouldmatchyour
existingExadatasystem.

NTP and DNS Servers:TheseshouldalsomatchyourexistingExadata
environment.

Oracle Database Machine Model: Thissettingdetermineshowmanycompute
nodesandstoragecellstheConfiguratorwillusewhencreatinghostnamesand
IPaddresses.YouwillwanttosetthistoX2-2QuarterRack,sinceitisthe
closestchoicetowhatyouareactuallyconfiguring.Remember,though,that
upgradingfromaquartertohalfrackaddsfourstoragecells,notthree.

Oracle Exadata Storage Server Nodes:Youwillneedtoadjustthisnumberto
reflecttheactualnumberofstoragecellsintheupgrade.Thedefaultnumberof
storagecellsinaquarterrackconfigurationis3.Butsinceyouareupgradingto
ahalfrack,youwillneedtosetthisto4.

Network IP Addresses:Youshouldcontinuetousethenetworksyou
configuredfortheExadatarackyouareupgrading.AsyouenterthestartingIP
addressesforhostsintheDBMConfigurator,takecarethatyouarenotcreating
anyaddressconflictswithexistinghardwareonyournetwork.

O/S User & Group Accounts:Itisnotrequired,butyoushouldusethesame
user/groupnamesanduser/groupIDswhenconfiguringyournewcluster.This
isespeciallytrueifthereisanychancetheseuseraccountswilleverinteract
betweenthenewsystemandtheoldsystem.OneCommandwillnotestablish
userequivalencybetweentheoldandnewserversforyou.Sothatmustbe
donemanuallyaftertheupgradeiscomplete.

Whenyouarefinishedenteringyoursettings,clicktheGeneratebuttonontherightsideofthe
spreadsheet.Thiscreatesanetworktopologyreportbelowthedataentryareaofthespreadsheet.This
reportareaofthespreadsheetisaplacewhereyoucanmanuallyoverridesomeofthesettingsgenerated
inthedataentryareaofthespreadsheet.Youwillneedtoscrolldownandadjustafewsettingsinthis
areabeforeyouarereadytocreateyourparameterfilesanduploadthemtoExadata.Youwillnoticethat
thetopologyreportshowsincorrecthostnamesforthecomputenodesandstoragecells.Ofcourse,this
isbecausetheDBMConfiguratorassumesthisisanewconfiguration,notanupgrade.Thehostnames
forthecomputenodesarepostfixedwith01–02,andthestoragecellsarepostfixedwith01–03.Makethe
necessarychangestothehostnamesinthereport,sotheyreflectcomputenodenamesof03–04and
storagecellhostnamesof04–07.Onceyou’vemadeallthenecessarychanges,clicktheCreateConfig
Filesbuttontogenerateyourparameteranddeploymentfiles.Takeafewminutestoreviewcontentsof
thefilestobesuretheyarecorrectbeforeyouuploadthemtothe/opt/oracle.SupportTools/onecommand
directoryofthefirstnewcomputenode,{machine_name}db03.
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Fromthispointforward,theprocessisnodifferentthanitisforafreshinstall.Firstyouwillneedto
configurethenetworkcomponentsusingFirstbootorApplyConfigaswediscussedearlier.Thensimply
logintothefirstnewcomputenodeasrootandrunthroughtheDeploy112configurationsteps.When
youarefinished,youwillhaveanewRACcluster,completewithstarterdatabase.

UpgradingtheExistingCluster
Ifyou’reupgradingyourExadatatoahalforfullrackconfigurationandwanttointegratethenewservers
andcellsintoyourexistingRACcluster,youmustconfigurethenewserversandcellsmanually.The
Exadata Owner’s Guidehasasectioncalled“ConfiguringtheReplacementDatabaseServer”that
discussestheprocessindetail.First,we’lltakealookatthebasicstepsforconfiguringthenewdatabase.
Thenwe’lltakealookathowyoucanaddthenewcellstoyourexistingstoragegrid.

Caution:Thestepsinthissectionarenotintendedtobeacomprehensiveguideandaresubjecttochange.
RefertoyourExadatadocumentationfordetailsspecifictoyourversionofExadata.

Configuring Database Servers 
Theprocessforconfiguringthenewdatabaseserversareasfollows:

1. UpgradethefirmwareonyourIBSwitchtothecurrentreleaseorlatestpatch.
TheOraclehardwaretechnicianwhoinstalledyournewhardwarecandothis
foryouoryoucandownloadthelatestpatchandinstallityourself.
RecommendedfirmwarepatchescanbefoundinMOSnote:888828.1.

2. Ifpossible,updatetheOracleGridInfrastructure,anddatabasesoftwaretothe
mostcurrentbundlepatchfortheversionofthesoftwareyourexistingsystem
isrunning.Ideally,thesoftwareshouldberunningatthelatestreleaseand
bundlepatch.

3. UsetheDBMConfiguratortogenerateIPaddresses,andhostnamesforthe
newcomputenodesandstoragecells.

4. RegisterthenewhostnamesandIPaddressesinyourDNSserver.

5. Bootyournewcomputenodesoneatatime.Thefirsttimetheyarebooted,
IPConfigwillstartautomatically,allowingyoutoenteryournetworksettings.

6. Onthedatabaseservers,copythefollowingfilesfromoneofyourexisting
databaseserverstothenewdatabaseservers:

• /etc/security/limits
Thisfileisthesameonallcomputenodes.

• /etc/profile
Thisfileisthesameonallcomputenodes.

• /etc/oracle/cell/network-config/cellip.ora
Thisfileisthesameonallcomputenodes.
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• /etc/oracle/cell/network-config/cellinit.ora
Thecellinit.orafileshouldbeupdatedwiththeprivate
InfiniBandIPaddressofthecomputenodewherethefileis
installed.Eachcomputenodewillhaveauniqueversionofthis
file.

7. Updatethe/etc/hostsfilewiththecontentsofthepriv_ib_groupfile
generatedfromDBMConfigurator.Usethehostsfileononeofyourother
computenodesasaguide.Itisveryimportantnottoremovecommentssuch
asthefollowing:

#### BEGIN Generated by Exadata. DO NOT MODIFY #### 

8. Updatethe/opt/oracle.SupportTools/onecommand/*.groupfilesonall
computenodes,addingthenodestotheconfiguration.


9. CreatetheO/Susersandgroupsastheyaredefinedontheothercompute
nodes.Thefingercommandmaybeusedtocompareuseraccountdefinitions
asfollows.

10. SetupSSHuserequivalencybetweenthenewandoldcomputenodesforthe
Oraclesoftwareowner.

11. FollowthestepsintheOwner’sGuideforcloningtheGridInfrastructureand
databasehomestoareplacementserver.ThatsectionoftheOwner’sGuideis
discussingthereplacementofafaileddatabaseserver.Ofcourseyouwillnot
bereplacingaserversoyoucanskipoveranystepshavingtodowith
removingafailedserverfromthecluster.

Note:TheExadataplatformconsistsofmultiplesoftwareandhardwarecomponentsthatrequireperiodic
updates.Theseupdatescomeinthreeforms:StorageServerpatches,DatabaseServerpatches(bundlepatches),
andInfiniBandSwitchupdates.ConsideringthecomplexityofExadata,itismoreimportantthanevertokeepyour
systemfairlycurrentwiththelatestsoftwareandfirmwarepatches.Awordofcautionthough,werecommendthat
youwaitatleastamonthafterapatchisavailablebeforeinstallingitonaproductionsystem.Evenfortestand
developmentsystems,werecommendyouwaitatleast2–3weeksafterapatchisavailablebeforeinstallingit.
OraclemaintainsadocumentonMyOracleSupport(MOS)containingalistofallsupportedsoftwareandpatches
availableforExadata,startingwithversion11.2.Thedocumentiscontinuallyupdatedwithusefulinformation,
instructionsandlinkstothelatestpatchesastheybecomeavailable.ThedocumentisMOSnote888828.1
“DatabaseMachineandExadataStorageServerRelease2(11.2)SupportedVersions”.SeeAppendixBforalistof
otherusefulMOSnotesrelatingtotheExadataplatform.
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Configuring Storage Cells 

Addingnewcellstoyourexistingstoragegridisafairlysimpleprocess.Theremaybeotherwaysto
simplifytheprocessbycloninganexistingstoragecell,butwe’lltakealookatthemanualprocesssoyou
canseethecommandsandfilesinvolved.Theprocessisasfollows:

1. YournewstoragecellswillcomewiththelatestversionoftheExadatacellsoftware
installed.Beforeyoubegin,checktheversionofsoftwareonthenewcellsand
upgradeyouroldcellstomatch.Theimageinfocommandcanbeusedtodisplaythis
information.

2. Locatethecellinit.orafileononeofyouroldcellsandcopyitovertothenewcells.
Modifythecellinit.orafileonthenewcellsandchangetheipaddress1fieldtothe
privateInfiniBandaddressofthecell.Loginastherootaccountwhenconfiguringthe
storagecell.The$OSSCONFenvironmentvariableshouldpointtothelocationofthe
correctcellinit.orafile.

3. Updatethe/etc/hostsfilewiththecontentsofthepriv_ib_groupfilegeneratedfrom
DBMConfigurator.Usethehostsfileononeofyourotherstoragecellsasaguide.It
isveryimportantnottoremovecommentssuchasthefollowing:

#### BEGIN Generated by Exadata. DO NOT MODIFY ####

4. Rebootthenewcellsandverifythattheyrestartproperly.

5. VerifythatthecellservicesarerunningusingtheCellCLIcommandlist cell.Ifthe
cellservicesaredownyoumayseeanerrorsuchasthis:

CELL-01514: Connect Error. Verify that Management Server is listening 
at the specified HTTP port: 8888. 
 
Cell Services must be stopped and started from the root or celladmin 
user accounts. The following commands may be used to manually shutdown  
and startup the services: 
 
CellCLI> alter cell shutdown services all; 
CellCLI> alter cell startup services all; 

6. ConfiguringthestoragecellisdoneusingtheALTER CELLcommand.Forexample
storagecellalertnotificationcanbeconfiguredusingthefollowingcommand:

ALTER CELL smtpServer='mail.ourcompany.com', - 
  smtpFromAddr='Exadata@ourcompany.com', - 
  smtpFrom='Exadata', - 
  smtpToAddr=''all.dba@ourcompany.com,all.sa@ourcompany.com'', - 
  notificationPolicy='critical,warning,clear', - 
  notificationMethod='mail,snmp' 

7. YourcurrentcellconfigurationmaybedisplayedusingtheLIST CELL DETAIL
command.Onceyouarefinishedconfiguringthecell,stopandrestartthecell
servicestopickupthenewsettings.

8. ConfigurethecellsmartflashcacheusingtheCREATE FLASHCACHE ALLcommand.

9. ConfigureallcelldisksusingtheCREATE CELLDISK ALLcommand.

mailto:Exadata@ourcompany.com
mailto:all.dba@ourcompany.com
mailto:all.sa@ourcompany.com
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10. Usingoneofyouroldstoragecellsforreference,createyourgriddisksusingthe
CREATE GRIDDISKcommand.WediscussusingthiscommandinChapter14.Besure
youcreateyourgriddisksintheproperorder,asthiswillimpacttheperformanceof
thedisks.Ifyoustillhavetheoriginalcreatescriptsgeneratedandrunby
OneCommandonthefirstcomputenodeofyourexistingcluster,youwillfindallthe
commandsyouneedforcreatingyourgriddisksintheproperorder.Thescriptsare
createocrvotedg.shandCreateGridDisk.sh andshouldbelocatedinthe
/opt/oracle.SupportTools/tmpdirectory.Ifthesefilesarenotavailable,youcanuse
thesizeandoffsetattributesoftheLIST GRIDDISK DETAILcommandtodetermine
thepropersizeandcreationorderforthegriddisks.

11. Onceyouarefinishedconfiguringthecellsandcreatingyourgriddisks,youcanadd
thecelltothestoragegrid.Thisisdoneonthecomputenodesbyaddingthecell’s
privateInfiniBandnetworkIPaddresstothe/etc/oracle/cell/network-
config/cellip.orafileoneachdatabaseserver.

Summary 
ConfiguringExadataisaverydetailedprocess,andsomethingstendtochangesomewhatasnew
versionsofthesoftwarebecomeavailable.Thischapterdiscussedsomeofthemainpointsof
configuringExadatacomputenodesandstoragecells,butitisnotintendedtobeasubstituteforthe
officialOracledocumentation.Oraclehasdoneanexcellentjobofdocumentingtheplatform,andyou
willfindtheOwner’s GuideandUser’s Guidetobeinvaluableassetswhenlearningtheinsandoutsof
configuringExadata.Thereissomeoverlapinsubjectmattercoveredinthischapterwiththetopics
discussedinChapters9and15,soyoumightfindthemhelpfulasacrossreferenceforsomeofthe
configurationtasksdiscussedhere.
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Recovering Exadata 

Youmayhaveheardthesaying“diskdrivesspin,andthentheydie.”It’snotsomethingweliketothink
about,butfromthemomentyoupowerupanewsystem,yourdiskdrivesbeginaging.Diskdriveshave
comealongwayinthepast30years,andtypicallifeexpectancyhasimproveddramatically.Attheend
oftheday,though,it’samatterof“when”adiskwillfail,not“if.”Andweallknowthatmanydiskdrives
faillongbeforetheyshould.Knowinghowtodiagnosediskfailuresandwhattodowhentheyoccurhas
generallybeentheresponsibilityofthesystemadministratororstorageadministrator.FormanyDBAs,
Exadataisgoingtochangethat.ManyExadatasystemsouttherearebeingmanagedentirelybytheDBA
staff.Whetherornotthisisthecaseinyourdatacenter,theprocedureforrecoveringfromadiskfailure
onExadataisgoingtobealittledifferentthanyouareusedto.

Oracledatabaseservershavetraditionallyrequiredtwotypesofbackup:operatingsystembackups
anddatabasebackups.Exadataaddsstoragecellstothemix,andwiththatcomesawholenew
subsystemthatmustbeprotectedand,onoccasion,restored.Thestoragecellisafairlyresilientpieceof
hardwarethatemploysLinuxsoftwareRAIDtoprotecttheoperatingsystemvolumes.Assuch,itis
unlikelythatadiskfailurewouldnecessitateanoperatingsystemrestore.Themorelikelycauseswould
behumanerror,afailedpatchinstall,orabug.Rememberthatthesephysicalvolumesalsocontaingrid
disks(databasevolumes),soalossoneofthesediskswillmostlikelymeanalossofdatabasestorageas
well.OraclehasengineeredseveralfeaturesintoExadatatoprotectyourdataandreducetheimpactof
suchfailures.Thischapterwilldiscusssomeofthemorecommonstoragefailurescenarios,howto
diagnosethem,andhowtorecoverwithminimaldowntime.



■Note:Oneofthemostchallengingaspectsofwritingthischapteristherapidlychangingnatureofthe
commandsandscriptswewillbediscussing.Inmanycases,recoverytaskswillhaveyouworkingveryclosely
withthehardwarelayerofExadata.Soasyoureadthischapter,keepinmindthatwitheachnewversionof
Exadatahardwareandsoftware,thecommandsandscriptsdiscussedinthischaptermaychange.Besureto
checktheOracledocumentationforthelatestupdatestothecommandsandscriptsdiscussedhere.

Exadata Diagnostic Tools 
Exadataisahighlycomplexblendofhardwareandsoftwarethatworktogethertoproduceanincredibly
resilientdeliveryplatform.Thecomplexityoftheplatformcanbeabitdauntingatfirst.Therearesimply
alotofmovingpartsthatonemustunderstandinordertomaintaintheplatformeffectively.Oracle
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providesawealthofdiagnostictoolsthatcanbeusedtoverify,analyze,andreportimportant
informationabouttheconfigurationandhealthofthesystem.Inthissection,we’lldiscusssomeofthose
toolsandhowtousethem.

SunDiagnostics:sundiag.sh
InstalledoneveryExadatadatabaseserverandstoragecellisthesundiag.shscript,locatedinthe
/opt/oracle.SupportToolsdirectory.Ifforsomereasonyoudon’tfinditinstalledonyoursystem,you
candownloaditfromMyOracleSupport.RefertoMOSDocID761868.1.Thisscriptisrunfromtheroot
accountandcollectsdiagnosticinformationneededfortroubleshootingdiskfailures.Thefilesitcollects
arebundledinthefamiliartarformatandthencompressedusingbzip2.

sundiag.sh Output 

Thelogfilesproducedbysundiag.sharenamedusingthehostnameoftheserver,followedbya
descriptivename,andpostfixedwiththedateandtimeofthereport.Forexample,runningthescripton
ourlabsystemproducedanoutputfile(createdbythedemsgcommand)namedasfollows:

enkdb01_dmesg_2011_01_28_09_42.out 

Now,let’stakealookatthediagnosticfilescollectedbysundiags.sh.

messages:Thisisacopyofthe/var/log/messagesfilefromyoursystem.The
messagesfileisrotatedandagedoutautomaticallybytheoperatingsystem.If
yoursystemhasbeenrunningforawhile,youwillhaveseveralofthesefiles
enumeratedinascendingorderfromcurrent(messages)tooldest(messages.4).
Thisfileismaintainedbythesyslogdaemonandcontainsimportant
informationaboutthehealthandoperationoftheoperatingsystem.

dmesg:Thisfileiscreatedbythedmesgcommandandcontainsdiagnostic
kernel-levelinformationfromthekernel ring buffer.Thekernelringbuffer
containsmessagessenttoorreceivedfromexternaldevicesconnectedtothe
system,suchasdiskdrives,keyboard,video,andsoon.

lspci:ThisfilecontainsalistofallthePCIbusesonthesystem.

lsscsi:ThelsscsifilecontainsalistofalltheSCSIdrivesonthesystem.

fdisk-l:Thefdisk-lfilecontainsalistingofalldiskdevicepartitionsinyour
system.

sel-list:Thesel-listfilecontainsoutputfromtheipmitool sel elist
command.IPMIstandsforIntelligentPlatformManagementInterfaceandis
partoftheILOM(IntegratedLightsOutManagement)component.The
ipmitoolcommandtapsintotheILOMandextractssensorreadingsonallIPMI
enableddevicessuchasmemoryandCPU.

megacli64:Thesundiags.shscriptrunstheMegaCli64commandwithvarious
optionsthatinterrogatetheMegaRAIDcontrollerforinformationonthe
configurationandstatusofyourdiskcontrollerandattacheddiskdrives.There
isawealthofinformationcollectedbytheMegaRAIDcontrollerthatcanbe
easilytappedintousingtheMegaCli64command.Forexample,thefollowing
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listingshowsasummaryoftheRAIDconfigurationofthediskdrivesonourlab
system:

Slot 00 Device 11 (HITACHI H103014SCSUN146GA2A81017FAJW9E  ) status is: Online 
Slot 01 Device 10 (HITACHI H103014SCSUN146GA2A81017FBAY8E  ) status is: Online 
Slot 02 Device 09 (HITACHI H103014SCSUN146GA2A81017FAK0BE  ) status is: Online 
Slot 03 Device 08 (HITACHI H103014SCSUN146GA2A81017FB8PHE  ) status is: Hotspare 

Informationinthesefilesincludesaneventlogandastatussummaryofyour
controlleranddiskdrives.Forexample,thefollowinglistingshowsasummary
ofthestateofthephysicaldiskdrivesattachedtooneofourdatabaseservers:

Checking RAID status on enkdb01.enkitec.com 
Controller a0:  LSI MegaRAID SAS 9261-8i 
No of Physical disks online : 3 
Degraded : 0 
Failed Disks : 0 

ItishardtosaywhetherExadatausestheMegaCli64commandtomonitor
predictivefailurefordiskdrivesorifthedevelopershavetappedintoSMART
metricsthroughanAPI,butthisinformationisallavailabletoyouatthe
commandline.Thereisn’talotofinformationaboutMegaCli64outthere,but
thesundiag.shscriptisagoodplacetostartifyouareinterestedinpeeking
underthehoodandgettingacloserlookatsomeofthemetricsExadatacollects
todeterminethehealthofyourdisksubsystem.

Ifyourunthesundiag.shscriptonyourstoragecells,additionaldataiscollectedaboutthecell
configuration,alerts,andspeciallogfilesthatdonotexistonthedatabaseserver.Thefollowinglist
describestheseadditionallogfilescollectedbysundiag.sh.

cell-detail:Thecell-detailfilecontainsdetailedsite-specificinformation
aboutyourstoragecell.ThisisoutputfromtheCellCLIcommandLIST 
CELLDISK DETAIL.

celldisk-detail:Thisfilecontainsadetailedreportofyourcelldisks.The
reportiscreatedusingtheCellCLIcommandLIST CELLDISK DETAIL.Among
otherthings,itshowsthestatus,logicalunitnumber(LUN),andphysical
devicepartitionforyourcelldisks.

lun-detail:ThisreportisgeneratedusingtheCellCLIcommandLIST LUN 
DETAIL.ItcontainsdetailedinformationabouttheunderlyingLUNsonwhich
yourcelldisksareconfigured.Includedinthisreportarethenames,device
types,andphysicaldevicenames(like/dev/sdw)ofyourLUNs.

physicaldisk-detail:Thephysicaldisk-detailfilecontainsadetailedreport
ofallphysicaldisksandFMODsusedbythestoragecellfordatabasetype
storage,andFlashCache.ItisgeneratedusingtheCellCLIcommandLIST 
PHYSICALDISK DETAIL,anditincludesimportantinformationaboutthese
devicessuchasthedevicetype(harddiskorflashdisk),makeandmodel,slot
address,anddevicestatus.

physicaldisk-fail:Thisfilecontainsalistingofallphysicaldisks(including
flashdisks)thatdonothaveastatusofNormal.Thiswouldincludediskswitha
statusofNotPresent,whichisafaileddiskthathasbeenreplacedbutnotyet
removedfromtheconfiguration.Whenaphysicaldiskisreplaced,itsold
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configurationremainsinthesystemfor7days,afterwhichitisautomatically
purged.

griddisk-detail:Thisfilecontainsadetailedreportofallgriddisksconfigured
onthestoragecell.ItiscreatedusingtheCellCLIcommandLIST GRIDDISK 
DETAILandincludes,amongotherthings,thegriddiskname,celldiskname,
size,andstatusofallgriddisksyouhaveconfiguredonthestoragecell.

flashcache-detail:ThisreportcontainsthelistofallFMODsthatmakeupthe
cellflashcache.ItistheoutputoftheCellCLIcommandLIST FLASHCACHE 
DETAILandincludesthesizeandstatusoftheflashcache.Alsofoundinthis
reportisalistofallflashcachecelldisksthatareoperatinginadegradedmode.

alerthistory:Thealerthistoryfilecontainsadetailedreportofallalertsthat
haveoccurredonthestoragecell.ItiscreatedusingtheCellCLIcommandLIST 
ALERTHISTORY.

fdom-l:Thisreportcontainsdetailedinformationaboutthefourflashcache
cardsandflashcachemodules(FDOMs)onyourstoragecell.Itiscreatedby
runningthe/usr/bin/flash_dom –lcommandonthestoragecellandincludes
informationlikefirmwareversion,address,anddevicenameofeachofthe
FDOMs.Forexample:

D#  B___T  Type   Vendor Product          Rev    Operating System Device Name 
1.  0   0  Disk   ATA    MARVELL SD88SA02 D20Y   /dev/sdu    [3:0:0:0] 
2.  0   1  Disk   ATA    MARVELL SD88SA02 D20Y   /dev/sdv    [3:0:1:0] 
3.  0   2  Disk   ATA    MARVELL SD88SA02 D20Y   /dev/sdw    [3:0:2:0] 
4.  0   3  Disk   ATA    MARVELL SD88SA02 D20Y   /dev/sdx    [3:0:3:0] 

alert.log:Thealert.logfileiswrittentobythecellsrvprocess.Similartoa
databaseorASMalertlogfile,thestoragecellalert.logcontainsimportant
runtimeinformationaboutthestoragecellandthestatusofitsdiskdrives.This
fileisveryusefulindiagnosingproblemswithcellstorage.

ms-odl.trc:Thems-odl.trccontainsdetailedruntime,trace-levelinformation
fromthecell’smanagementserverprocess.

ms-odl.log:Thisfileiswrittentobythecell’smanagementserverprocess.Itis
notincludedinthecollectioncreatedbythesundiag.shscript,butwehave
founditveryusefulindiagnosingproblemsthatoccurinthestoragecell.Italso
containsnormal,day-to-dayoperationalmessages.Storagecellsmaintaintheir
logfilesbyrotatingthem,similartothewaytheoperatingsystemrotatesthe
systemlog(/var/log/messages).Thems-odl.logfilerecordsthesetasksaswell
asmorecriticaltaskslikediskfailures.

HealthCheck
HealthCheckisasetofshellscriptsdevelopedbyOraclethatyoucanusetoverifyyourconfiguration.
ThesescriptsarenotincludedinyourExadatainstallationbutarereadilyavailablefordownloadfrom
MyOracleSupportunderArticleID:1070954.1,“OracleDatabaseMachineHealthCheck.”Thescripts
arewelldocumentedandproduceastaggeringamountofinformationaboutyourExadataDatabase
Machine,sowewon’tgothroughallthegorydetailshere.HealthCheckreportsthecurrent
configurationofkeyhardwareandsoftwarecomponentsofExadata.Oraclerecommendsthatyou
routinelyrunHealthCheckasanormalpartofmaintainingyourdatabasemachine.Theoutputshould
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becomparedwithbulletinsandbestpracticespublishedbyOracleCorporationtoensureoptimal
performanceandmanageabilityoftheplatform.Healthchecksarefairlylightweight,andallexceptone
canberunduringnormalbusinessoperations.TheexceptionistheCheckHWnFWProfiletest.Thistestis
notexecutedbydefaultandshouldonlyberunimmediatelyfollowingafreshinstallationoftheExadata
software.

HealthCheckismadeupoftwomainscripts,theASMhealthcheck(run_os_commands_as_oracle.sh)
andtheO/Shealthcheck(run_os_commands_as_root.sh).TheASMhealthcheckshouldonlytakeafew
secondstoexecute,whiletheO/Shealthcheckwillrunforaround3–5minutesdependingonyour
specificExadataconfiguration(V2,X2-2,X2-8)andsystemload.Theoutputfromthesetestsisstoredin
filesnamedwitha“date+time”pattern,storedintheoutputdirectoryundertheHealthCheckhome
directory.Forexample,afterrunningHealthCheckonacoupledifferentoccasions,our“output_files”
directoryshowsthefollowing:

[enkdb01:oracle:DEMO1] /u01/app/HealthCheck/output_files 
> ls -ltr 
total 324 
-rw-rw-r-- 1 oracle dba    5683 Dec 30 14:59 asm_output_012811_145938.lst 
-rw-r--r-- 1 root   root 148341 Dec 30 16:00 os_output_123010_145931.lst 
-rw-rw-r-- 1 oracle dba    5683 Jan 28 15:01 asm_output_012811_150122.lst 
-rw-r--r-- 1 root   root 153205 Jan 28 15:44 os_output_012811_154236.lst 

ThethingwereallylikeabouttheHealthCheckisthatinsteadofsimplyreportingwhatitfinds,itgivesa
shortdescriptionofwhattheexpectedreadingsshouldbeandwhattodoifyourresultsareoutsidethe
norm.AnothernicethingabouttheHealthCheckisthatitisallwritteninshellscriptswithcalloutsto
programslikesqlplusandMegaCli64.Thismeansthatinadditiontobeingaveryusefulauditingand
verificationtool,itisalsoaverygoodlearningtoolbecauseyoucaneasilyseesomeofthecommands
thatOraclesupportanalystswouldusetodiagnoseyourExadataDatabaseMachine.

CellCLI
Thecellsrvprocessoneachstoragecellcollectsimportantinformationaboutthecurrentstateofthe
storagecellandcomponentssuchasCPU,flashcachemodules,celldisks,griddisks,andmore.These
cellmetricsareinturnreceivedbytheManagementService(MS)process.Onceanhour,theMSprocess
writesthecellmetricstoitsAutomaticDiagnosticsRepository(ADR)similartotheway11gdatabases
recordalertstotheADRonthedatabaseservers.Exadatamonitorsthemetricsitcollectsandtriggers
alertswhenkeythresholdsareexceeded,hardwareerrorsoccur,orsoftwareerrorsoccurinthecellsrv
process.TheCellCLIprogramisyourprimaryinterfaceforconfiguringandmanagingthestoragecells.
CellCLIalsoprovidesconvenientaccesstothemetricsandalertsrecordedintheADR.Theinformation
intheADRcanalsobeaccessedwiththeadrcicommand,justasyouwouldonthedatabaseservers(for
databasealerts).TheADRhasbeenaroundforseveralyearsandiswelldocumented,sowewon’tbe
discussingadrcihere.Instead,we’llbefocusingourattentiononCellCLIandhowitcanbeusedtotap
intothediagnosticinformationstoredintheADR.

Cell Metrics 

Cellmetricsarekeymeasurementscollectedfromvariouscomponentsinthestoragecell.Thesemetrics
canberetrievedusingtheLIST METRICDEFINITIONcommand.Forexample,thefollowingreportshows
thedefinitionfortheCL_RUNQmetric,whichtracksrunqueueinformationfromtheoperatingsystem:
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CellCLI> list metricdefinition where name = CL_RUNQ detail 
         name:                   CL_RUNQ 
         description:            "Average number (over the preceding minute) of processes in 
                                 the Linux run queue marked running or uninterruptible (from 
                                 /proc/loadavg)." 
         metricType:             Instantaneous 
         objectType:             CELL 
         unit:                   Number 

Atthetimeofthiswriting,thestoragecellmaintains165specificmetrics.TheDESCRIBE 
METRICCURRENTcommanddisplaystheattributesofthemetriccurrentobject,asshowninthefollowing
listing.

CellCLI> describe metriccurrent 
        name 
        alertState 
        collectionTime 
        metricObjectName 
        metricType 
        metricValue 
        objectType 

TheLIST METRICCURRENTcommandcanbeusedtoreportcurrentreadingsofthesemetrics.The
reportgeneratedbythiscommandisverylengthysoyouwillwanttoapplyfilterstolimitthereportto
thecomponentsyouareinterestedin.ThefollowinglistshowstheobjecttypesstoredintheADR.

• CELL 

• CELLDISK 

• CELL_FILESYSTEM 

• FLASHCACHE 

• GRIDDISK 

• HOST_INTERCONNECT 

• IORM_CATEGORY 

• IORM_CONSUMER_GROUP 

• IORM_DATABASE 

Understandingthenamingconventionusedforthemetricnamewillhelpyoufocusthereporton
thespecificmetricsyouareinterestedin.Themetricnameisaconcatenationofabbreviationsforthe
typeofcomponent,delimitedbytheunderscorecharacter(_).Thefirstpartofthemetricnameisan
abbreviationfortheobjecttype.Thiscanbeusedasshorthandforfilteringthereportoutput.Table9-1
showsthemetricnameprefixesandwhateachonerepresents.
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Table 9-1. Metric Name Prefixes 

Name Prefix Description 

CL_ Celllevelmetrics

CD_ Celldiskmetrics

GD_ Griddiskmetrics

FC_ FlashCachemetrics

DB_ Databasemetrics

CG_ IORMConsumergroupmetrics

CT_ IORMCategories

N_ Network(InfiniBandnetworkinterconnect)


ForI/O-relatedmetrics,themetricnamecontinueswithoneofthevalueslistedinTable9-2.

Table 9-2. I/O Metric Abbreviations 

Abbreviation Description 

IO_RQ NumberofI/Orequests

IO_BY Numberofmegabytes

IO_TM I/OLatency

IO_WT I/OWaittime


ForI/O-relatedmetrics,thenextpartofthemetricnamemaybeR(forreads)orW(forwrites)

followedbySMorLGforsmallorlargereadsandwrites.Thelastabbreviationinthemetricnamewillbe
eitherSECforsecondsorRQforrequests.Forexample,thefollowingcommandshowsthenumberof
smallI/Owriteoperationspersecondforallgriddisksonthestoragecell.

CellCLI> list metriccurrent where name = GD_IO_RQ_W_SM_SEC 
         GD_IO_RQ_W_SM_SEC       DATA_CD_00_cell01       0.8 IO/sec 
         GD_IO_RQ_W_SM_SEC       DATA_CD_01_cell01       0.9 IO/sec 
         GD_IO_RQ_W_SM_SEC       DATA_CD_02_cell01       1.4 IO/sec 
         GD_IO_RQ_W_SM_SEC       DATA_CD_03_cell01       1.6 IO/sec 
... 
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Thedefaultretentionformetricdetailis7days,afterwhichitwillbesummarizedbymin,max,and
average(atwhichtimethedetailrecordswillbepurged).TheDESCRIBE METRICHISTORYcommandshows
thestructureofthemetrichistoryobject.

CellCLI> describe metrichistory 
         name 
         alertState 
         collectionTime 
         metricObjectName 
         metricType 
         metricValue 
         metricValueAvg 
         metricValueMax 
         metricValueMin 
         objectType 

TheLIST METRICHISTORYcommandprovidesasummarizedreportofthefullhistoryofcellmetrics
storedintheADR.Usuallyyouwillwanttoapplyfilterstospecifyadaterangeandpossiblyametrictype
forthisreport.Todothis,provideaWHEREclausewiththemetricnameandadatefilter,asinthis
example:

CellCLI> list metrichistory - 
         where name like 'CL_.*' - 
           and collectiontime > '2011-01-01T08:00:00-08:00' 

Cell Alerts 

Inadditiontotrackingmetricsforstoragecellcomponents,Exadataalsoevaluatesthesemetricsand
appliesthresholdstoverifythatthecomponentsarerunningwithinnormalparameters.Whenametric
crossesoneoftheseoperationalthresholds,analertisgenerated.Someofthealertsgeneratedby
Exadataincludecelltemperature,celldiskread/writeerrors,andsoftwarefailures.Exadatatracksover
70alerttypesinthestoragecell.AdditionalalertsmaybedefinedusingGridControl’smonitoringand
alertingfeatures.Alertseveritiesfallintofourcategories:Information,Warning,Critical,andClear.
Theseareusedtomanagealertnotifications.Forexample,youmaychoosetogetanemailalert
notificationforcriticalalertsonly.TheClearseverityisusedtonotifyyouwhenacomponenthas
returnedtoNormalstatus.TheLIST METRICHISTORY DETAILcommandcanbeusedtogenerateadetailed
reportofthealertsgeneratedbythesystem.Thefollowinglistingisanexampleofanalertgeneratedby
thestoragecell:

         name:                   209_1 
         alertMessage:           "All Logical drives are in WriteThrough caching mode. 
                                 Either battery is in a learn cycle or it needs to be 
                                 replaced. Please contact Oracle Support" 
         alertSequenceID:        209 
         alertShortName:         Hardware 
         alertType:              Stateful 
         beginTime:              2011-01-17T04:42:10-06:00 
         endTime:                2011-01-17T05:50:29-06:00 
         examinedBy: 
         metricObjectName:       LUN_CACHE_WT_ALL 
         notificationState:      1 
         sequenceBeginTime:      2011-01-17T04:42:10-06:00 
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         severity:               critical 
         alertAction:            "Battery is either in a learn cycle or it needs 
                                 replacement. Please contact Oracle Support" 

WhenthebatterysubsequentlyreturnstoNormalstatus,afollow-upalertisgeneratedwitha
severityofClear,indicatingthatthecomponenthasreturnedtonormaloperatingstatus:

         name:                   209_2 
         alertMessage:           "Battery is back to a good state" 
         ... 
         severity:               clear 
         alertAction:            "Battery is back to a good state. No Action Required" 

Whenyoureviewalerts,youshouldgetinthehabitofsettingtheexaminedByattributeofthealertso
youcankeeptrackofwhichalertsarealreadybeinginvestigated.IfyousettheexaminedByattribute,you
canuseitasafilterontheLIST ALERTHISTORYcommandtoreportallalertsthatarenotcurrentlybeing
attendedto.Byaddingtheseverityfilteryoucanfurtherreducetheoutputtojustcriticalalerts.For
example:

LIST ALERTHISTORY WHERE severity = 'critical' AND examinedBy = '' DETAIL 

TosettheexaminedByattributeofthealert,usetheALTER ALERTHISTORYcommandandspecifythe
nameofthealertyouwishtoalter.Forexample,wecansettheexaminedByattributefortheBatteryalert
justshownasfollows:

CellCLI> alter alerthistory 209_1 examinedBy="rjohnson" 
Alert 209_1 successfully altered 
 
CellCLI> list alerthistory attributes name, alertMessage, examinedby where name=209_1 detail 
         name:                   209_1 
         alertMessage:           "All Logical drives are in WriteThrough caching mode. 
                                 Either battery is in a learn cycle or it needs to be 
                                 replaced. Please contact Oracle Support" 
         examinedBy:             rjohnson 

Thereisquiteabitmoretosayaboutmanaging,reporting,andcustomizingExadataalerts.An
entirechapterwouldbeneededtocoverthesubjectindetail.Inthissectionwe’veonlytouchedonthe
basics.Fortunately,onceyougetemailconfiguredforalertnotification,verylittlemustbedoneto
managethesealerts.Inmanyenvironments,emailnotificationisallthatisusedtocatchandreport
criticalalerts.

Exadataisoneofthebest-instrumentedandself-documentedsystemswe’veeverworkedon.Itis
alsooneofthemostcomplex.Thissectionhasdiscussedthreeveryhelpfultoolsthatprovidethekindof
diagnosticinformationyoumusthaveinordertoresolveExadataproblems.SunDiagnosticsand
HealthCheckarewrapperscriptsthatcallothercommandsandscriptstotapintokeyhardwareand
softwarecomponentmetrics.Ifyouarebraveenough,itiswellworththetimetocrackthesescripts
openandbecomefamiliarwithwhattheyaredoing.CellCLIprovidesanexcellentwayofproducing
reportsdetailingalertsthataffectthenormaloperationsofyoursystem.Thereisalottobelearned
aboutwhereconfigurationanddiagnosticinformationisstoredsoyoucanquicklygostraighttothe
sourcewhenproblemsarise.Inthissectionwe’vetriedtotouchonsomeofthemoreimportantareas
youshouldbeawareof.
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Backing Up Exadata 
WhenwetookdeliveryofourExadatasystem,oneofourprimaryconcernswas,“howcanwebackup
everythingsowecanrestoreittoworkingorderifsomethinggoeshorriblywrong?”WhenourExadata
arrivedinMayof2010,thelatestversionoftheCellsoftwarewas11.2.0.1.0.Andatthetime,theonlyway
tobackupadatabaseserverwastousethird-partybackupsoftwareorstandardLinuxcommandslike
tar.OracleisconstantlydevelopingnewfeaturesforExadataandlessthanayearlater,ExadataX-2
databaseserverscomeconfiguredwiththenativeLinuxLogicalVolumeManager(LVM).Thisisabig
stepforward,becausetheLVMhasbuilt-insnapshotcapabilitiesthatprovideaneasymethodoftaking
backupsoftheoperatingsystem.Storagecellsuseacompletelydifferent,proprietary,methodfor
backupandrecovery.Inthissectionwe’lltakealookatthevariousmethodsOraclerecommendsfor
backingupExadatadatabaseserversandstoragecells.We’llalsotakeabrieflookatRecoveryManager
(RMAN)andsomeofthefeaturesExadataprovidesthatimprovetheperformanceofdatabasebackup
andrecovery.Afterthat,we’lltakealookatwhatittakestorecoverfromsomeofthemorecommon
typesofsystemfailure.Itmaysurpriseyou,butthefocusofthischapterisnotdatabaserecovery.There
areveryfewExadata-specificconsiderationsfordatabasebackupandrecovery.Amajorityofthe
product-specificbackupandrecoverymethodspertaintobackupandrecoveryofthesystemvolumes
containingtheoperatingsystemandExadatasoftware,sowe’llspendaquiteabitoftimediscussing
recovery,fromthelossofacelldisk,tothelossofasystemvolumeonthedatabaseserversorstorage
cells.

BackingUptheDatabaseServers
Recently,OraclebeganshippingExadatawiththeLinuxLVMconfiguredformanagingfilesystem
storageonthedatabaseservers.Logicalvolumemanagersprovideanabstractionlayerforphysicaldisk
partitionssimilartothewayASMdoesforitsunderlyingphysicalstoragedevices.LVMshavevolume
groupscomparabletoASMdiskgroups.Thesevolumegroupsaremadeupofoneormorephysicaldisks
(ordiskpartitions),asASMdiskgroupsaremadeupofoneormorephysicaldisks(ordiskpartitions).
LVMvolumegroupsarecarvedupintologicalvolumesinwhichfilesystemscanbecreated.Inasimilar
way,databasesutilizeASMdiskgroupsforcreatingtablespacesthatareusedforstoringtables,indexes,
andotherdatabaseobjects.Abstractingphysicalstoragefromthefilesystemsallowsthesystem
administratortogrowandshrinkthelogicalvolumes(andfilesystems)asneeded.Thereareanumber
ofotheradvantagestousingtheLVMtomanagestoragefortheExadatadatabaseservers,butourfocus
willbethenewbackupandrestorecapabilitiestheLinuxLVMprovides,namelyLVMsnapshots.In
additiontotheirconvenienceandeaseofuse,LVMsnapshotseliminatemanyofthetypicalchallenges
wefacewithsimplebackupsusingthetarcommandorthird-partybackupproducts.Forexample,
dependingontheamountofdatainthebackupset,filesystembackupscantakequiteawhileto
complete.Thesebackupsarenotconsistenttoapointintime,meaningthatifyoumustrestoreafile
systemfrombackup,thedatainyourfileswillrepresentvariouspointsintimefromthebeginningofthe
backupprocesstoitsend.Applicationsthatcontinuetorunduringthebackupcyclecanholdlockson
files,causingthemtobeskipped(notbackedup).Andonceagain,openapplicationswillinevitably
makechangestodataduringthebackupcycle.Evenifyouareabletobackuptheseopenfiles,youhave
nowayofknowingiftheyareinanyusablestateunlesstheapplicationisshutdownbeforethebackup
istaken.LVMsnapshotsareinstantaneousbecausenodataisactuallycopied.Youcanthinkofa
snapshotasanindexofpointerstothephysicaldatablocksthatmakeupthecontentsofyourfile
system.Whenafileischangedordeleted,theoriginalblocksofthefilearewrittentothesnapshot
volume.Soevenifittakeshourstocompleteabackup,itwillstillbeconsistentwiththemomentthe
snapshotwascreated.Now,let’stakealookathowLVMsnapshotscanbeusedtocreateaconsistentfile
systembackupofthedatabaseserver.
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System Backup Using LVM Snapshots 

CreatingfilesystembackupsusingLVMsnapshotsisaprettysimpleprocess.Firstyouneedtocreatea
destinationforthefinalcopyofthebackups.ThiscanbeSANorNASstorageorsimplyanNFSfile
systemsharedfromanotherserver.Ifyouhaveenoughfreespaceinthevolumegrouptostoreyour
backupfiles,youcancreateatemporaryLVMpartitiontostageyourbackupsbeforesendingthemoffto
tape.Thiscanbedoneusingthelvcreatecommand.BeforecreatinganewLVMpartition,makesure
youhaveenoughfreespaceinyourvolumegroupusingthevgdisplaycommand:

[root@enkdb01 ~]# vgdisplay 
  --- Volume group --- 
  VG Name               VGExaDb 
... 
  VG Size               556.80 GB 
  PE Size               4.00 MB 
  Total PE              142541 
  Alloc PE / Size       45824 / 179.00 GB 
  Free  PE / Size       96717 / 377.80 GB 
... 

Thevgdisplaycommandshowsthesizeofourvolumegroup,physicalextents(PE)currentlyinuse,
andtheamountoffreespaceavailableinthevolumegroup.TheFree PE/Sizeattributeindicatesthat
wehave377.8GBoffreespaceremaininginthevolumegroup.Thisisplentyofroomforustocreatea
new25GBLVMpartitiontostoreourbackupimages.

Firstwe’llusethelvcreatecommandtocreateanew25GBLVMpartition:

[root@enkdb01 ~]# lvcreate -L 25G -n /dev/VGExaDb/sysback 
  Logical volume "sysback" created 

Nowwecancreateanewfilesystemonthesysbackpartition:

 [root@enkdb01 ~]# mkfs.ext3 -m 0 -b 4096 /dev/VGExaDb/sysback 
mke2fs 1.39 (29-May-2006) 
... 
Writing inode tables: done 
Creating journal (32768 blocks): done 
Writing superblocks and filesystem accounting information: done 
... 

Nextwe’llcreateatargetdirectoryandmountthenewfilesystem:

[root@enkdb01 ~]# mkdir /mnt/sysback 
[root@enkdb01 ~]# mount /dev/VGExaDb/sysback /mnt/sysback 
[root@enkdb01 ~]# df -k /mnt/sysback 

Thefdiskcommanddisplaysournewfilesystemandthelogicalvolumeswewanttoincludeinour
systembackup,VGExaDb-LVDbSys1(rootfilesystem),andVGExaDb-LVDbOra1(/u01filesystem).Noticethat
the/bootfilesystemdoesnotusetheLVMforstorage.Thisfilesystemmustbebackedupusingthetar
command.Thisisn’taproblem,becausethe/bootfilesystemisfairlysmallandstaticsowearen’t
concernedwiththesefilesbeingmodified,locked,oropenduringthebackupcycle.

[root@enkdb01 ~]# df -h 
Filesystem                     Size  Used Avail Use% Mounted on 
/dev/mapper/VGExaDb-LVDbSys1    30G  9.3G   19G  33% / 
/dev/sda1                      124M   16M  102M  14% /boot 
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/dev/mapper/VGExaDb-LVDbOra1    99G   14G   80G  15% /u01 
tmpfs                           81G  200M   81G   1% /dev/shm 
/dev/mapper/VGExaDb-sysback     25G  173M   25G   1% /mnt/sysback 

Nowthatwehaveaplacetostageourbackupimagesandweknowthelogicalvolumeswewantto
backup,we’rereadytocreatesnapshotsforthe/and/u01filesystems.UsingtheLinuxtimecommand
wecanseethatittookjustover1secondtocreateasnapshotfortherootvolume:

[root@enkdb01 ~]# time lvcreate -L1G -s -n root_snap /dev/VGExaDb/LVDbSys1 
  Logical volume "root_snap" created 
real    0m1.066s 
user    0m0.005s 
sys     0m0.013s 
 
[root@enkdb01 ~]# lvcreate -L5G -s -n u01_snap /dev/VGExaDb/LVDbOra1 
  Logical volume "u01_snap" created 

Noticethe–L1Gand-L5Goptionsweusedtocreatethesesnapshots.The–Lparameterdetermines
thesizeofthesnapshotvolume.Whendatablocksaremodifiedordeletedafterthesnapshotiscreated,
theoriginalcopyoftheblockiswrittentothesnapshot.Itisimportanttosizethesnapshotsufficiently
tostoreanoriginalcopyofallchangedblocks.Ifthesnapshotrunsoutofspace,itwillbedeactivated.
Nowthatwehavesnapshotstrackingchangestothe/and/u01filesystems,wearereadytotakea
backup.Toprovethatthesesnapshotsareconsistent,we’llcopythe/etc/hostsfiletoatestfileinthe
/rootdirectory.Ifsnapshotsworkastheyaresupposedto,thisfilewillnotbeincludedourbackup,
becauseitwascreatedafterthesnapshotwascreated.Thecommandlookslikethis:

[root@enkdb01 ~]# cp /etc/hosts /root/test_file.txt 

Mountthesnapshotsasyouwouldanyotherfilesystem.First,we’llcreateadirectorytouseasa
mountpointforoursnapshots.Thenwe’llmounttherootandu01snapshots.

[root@enkdb01 ~]# mkdir /mnt/snap 
[root@enkdb01 ~]# mount /dev/VGExaDb/root_snap /root/mnt/snap 
[root@enkdb01 ~]# mount /dev/VGExaDb/u01_snap /mnt/snap/u01 

Nowthatthesnapshotsaremounted,wecanbrowsethemjustlikeanyotherfilesystem.Theylook
andfeeljustliketheoriginalfilesystems,withoneexception.Ifwelookinthemountedsnapshotforthe
testfilewecreated,wedon’tseeit.It’snottherebecauseitwascreatedafterthesnapshotswerecreated
andstartedtrackingchangestothefilesystem:

[root@enkdb01 ~]# ls -l /root/testfile 
-rw-r--r-- 1 root root 1023 Jan 23 13:30 /root/test_file.txt   <- the test file we created 
 
[root@enkdb01 ~]# ls -l /mnt/snap/root/test_file.txt 
ls: /mnt/snap/root/testfile: No such file or directory    <- no test file in the snapshot 

Oncethesnapshotsaremounted,theycanbebackedupusinganystandardLinuxbackupsoftware.
Forthistest,we’llusethetarcommandtocreateatarballbackupofthe/and/u01filesystems.Since
wearebackingupasnapshot,wedon’thavetoworryaboutfilesthatareopen,locked,orchanged
duringthebackup.Noticethatwe’vealsoincludedthe/bootdirectoryinthisbackup.

[root@enkdb01 ~]# cd /mnt/snap 
[root@enkdb01 snap]# tar -pjcvf /mnt/sysback/enkdb01_system_backup.tar.bz2 * /boot \ 
  --exclude /mnt/sysback/enkdb01_system_backup.tar.bz2 \ 
   >/tmp/ enkdb01_system_backup.stdout 2>/tmp/enkdb01_system_backup.stderr 
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Whenthebackupisfinished,youshouldchecktheerrorfile,enkdb01_system_backup.stderr,forany
issuesloggedduringthebackup.Ifyouaresatisfiedwiththebackup,youcanunmountanddropthe
snapshots.Youwillcreateanewsetofsnapshotseachtimeyourunabackup.Afteryoucopythebackup
imageofftotapeyoucanoptionallyunmountanddropthetemporarypartitionyoucreatedtostoreit.

[root@enkdb01 snap]# cd / 
 
[root@enkdb01 /]# umount /mnt/snap/u01 
[root@enkdb01 /]# rmdir /mnt/snap/u01 
 
[root@enkdb01 /]# umount /mnt/snap 
[root@enkdb01 /]# rmdir /mnt/snap 
 
[root@enkdb01 /]# lvremove /dev/VGExaDb/root_snap 
Do you really want to remove active logical volume root_snap? [y/n]: y 
  Logical volume "root_snap" successfully removed 
 
root@enkdb01 /]# lvremove /dev/VGExaDb/u01_snap 
Do you really want to remove active logical volume u01_snap? [y/n]: y 
  Logical volume "u01_snap" successfully removed 
 
[root@ricudb01 /]# lvremove /dev/VGExaDb/sysback 
Do you really want to remove active logical volume sysback? [y/n]: y 
  Logical volume "sysback" successfully removed 
 
[root@enkdb01 /]# umount /mnt/sysback 
[root@enkdb01 /]# rmdir /mnt/sysback 
 
[root@ricudb01 /]# lvremove /dev/VGExaDb/sysback 
Do you really want to remove active logical volume sysback? [y/n]: y 
  Logical volume "sysback" successfully removed 

Asdiscussedintheopeningparagraph,earlymodelsofExadataV2didnotimplementLVMfor
managingfilesystemstorage.WithoutLVMsnapshots,gettingacleansystembackupwouldrequire
shuttingdowntheapplicationsontheserver(includingthedatabases),orpurchasingthird-party
backupsoftware.Eventhen,therewouldbenowaytocreateabackupinwhichallfilesareconsistent
withthesamepointintime.LVMsnapshotsfillanimportantgapintheExadatabackupandrecovery
architectureandofferasimple,manageablestrategyforbackingupthedatabaseservers.Laterinthis
chapterwe’lldiscusshowthesebackupsareusedforrestoringthedatabaseserverwhenfilesystemsare
lostordamaged.

BackingUptheStorageCell
ThefirsttwodisksinastoragecellcontaintheLinuxoperatingsystem.TheseLinuxpartitionsare
commonlyreferredtoasthesystem volumes .Backingupthesystemvolumesusingindustrystandard
Linuxbackupsoftwareisnotrecommended.Sohowdoyoubackupthesystemvolumes?Well,the
answeristhatyoudon’t.ExadataautomaticallydoesthisforyouthroughtheuseofaninternalUSB
drivecalledtheCELLBOOT USB flash drive.Ifyouarethecautioussort,youcanalsocreateyourowncell
recoveryimageusinganexternalUSBflashdrive.InadditiontotheCELLBOOTUSBflashdrive,Exadata
alsomaintains,onaseparatesetofdiskpartitions,afullcopyofthesystemvolumesastheywerebefore
thelastpatchwasinstalled.Thesebackuppartitionsareusedforrollingbackapatch.Nowlet’stakea
lookathowthesebackupmethodswork.
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CELLBOOT USB Flash Drive 

YoucanthinkoftheinternalCELLBOOTUSBflashdriveasyouwouldanyexternalUSBdriveyouwould
plugintoyourlaptop.Thedevicecanbeseenusingthefdiskcommandasfollows:

[enkcel01:root] /root 
> fdisk -l /dev/sdac 
 
Disk /dev/sdac: 4009 MB, 4009754624 bytes 
124 heads, 62 sectors/track, 1018 cylinders 
Units = cylinders of 7688 * 512 = 3936256 bytes 
 
    Device Boot      Start         End      Blocks   Id  System 
/dev/sdac1               1        1017     3909317   83  Linux 

Justforfun,wemountedtheinternalUSBflashdrivetotakeapeekatwhatOracleincludedinthis
backup.Thefollowinglistingshowsthecontentsofthisdevice:

[enkcel01:root] /root 
mount /dev/sdac1 /mnt/usb 
 
[enkcel01:root] /mnt/usb 
> ls -l 
total 48200 
-r-xr-x--- 1 root root     2048 Dec  7 07:58 boot.cat 
-r-xr-x--- 1 root root       16 Dec  7 07:55 boot.msg 
drwxr-xr-x 2 root root     4096 Dec 17 11:44 cellbits 
drwxr-xr-x 2 root root     4096 Dec 17 11:44 grub 
-rw-r--r-- 1 root root       16 Dec 17 11:44 I_am_CELLBOOT_usb 
-r-xr-x--- 1 root root      854 Dec 17 11:13 image.id 
-r-xr-x--- 1 root root      441 Dec 17 11:14 imgboot.lst 
-rw-rw-r-- 1 root root  6579844 Dec  7 07:50 initrd-2.6.18-194.3.1.0.2.el5.img 
-rw-r--r-- 1 root root  6888101 Dec 17 11:44 initrd-2.6.18-194.3.1.0.3.el5.img 
-r-xr-x--- 1 root root 29747008 Dec 17 11:14 initrd.img 
-r-xr-x--- 1 root root    10648 Dec  7 07:55 ISOlinux.bin 
-r-xr-x--- 1 root root       97 Dec  7 07:55 ISOlinux.cfg 
-rw-r--r-- 1 root root       23 Dec 17 11:44 kernel.ver 
drwxr-xr-x 4 root root     4096 Dec 17 11:43 lastGoodConfig 
drwxr-xr-x 2 root root     4096 Dec 17 11:45 log 
drwx------ 2 root root    16384 Dec 17 11:42 lost+found 
-r-xr-x--- 1 root root    94600 Dec  7 07:55 memtest 
-r-xr-x--- 1 root root     7326 Dec  7 07:55 splash.lss 
-r-xr-x--- 1 root root     1770 Dec  7 07:55 trans.tbl 
-r-xr-x--- 1 root root  1955100 Dec  7 07:55 vmlinuz 
-rw-r--r-- 1 root root  1955100 May 27  2010 vmlinuz-2.6.18-194.3.1.0.2.el5 
-rw-r----- 1 root root  1955100 Dec 17 11:23 vmlinuz-2.6.18-194.3.1.0.3.el5 

InthisbackupweseetheLinuxbootimagesandallthefilesrequiredtobootLinuxandrestorethe
operatingsystem.NoticethatyoualsoseeadirectorycalledlastGoodConfig.Thisdirectoryisabackup
ofthe/opt/oracle.cellos/isodirectoryonourstoragecell.Thereisalsoadirectorycalledcellbits
containingtheCellServersoftware.Sonotonlydowehaveacompletecopyofeverythingneededto
recoverourstoragecelltoabootablestateontheinternalUSBdrive,butwealsohaveanonlinebackup
ofallofourimportantcellconfigurationfilesandCellServerbinaries.
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External USB Drive 

Inadditiontothebuilt-inCELLBOOTUSBflashdrive,Exadataalsoprovidesawaytocreateyourown
externalbootablerecoveryimageusingacommon1–8GBUSBflashdriveyoucanbuyatthelocal
electronicsstore.ExadatawillcreatetherescueimageonthefirstexternalUSBdriveitfinds,sobefore
youcreatethisrecoveryimageyoumustremoveallotherexternalUSBdrivesfromthesystemorthe
scriptwillthrowawarningandexit.

RecallthatExadatastoragecellsmaintaintwoversionsoftheoperatingsystemandcellsoftware:
activeandinactive.Thesearemanagedastwoseparatesetsofdiskpartitionsforthe/and/opt/oracle
filesystemsascanbeconfirmedusingtheimageinfocommand,asfollows:

> imageinfo | grep device 
Active system partition on device: /dev/md6 
Active software partition on device: /dev/md8 
Inactive system partition on device: /dev/md5 
Inactive software partition on device: /dev/md7 

Theimageinfocommandshowsthecurrent(Active),andprevious(Inactive)systemvolumesonthe
storagecell.UsingthedfcommandwecanseethatweareindeedcurrentlyusingtheActivepartitions
(/dev/md6and/dev/md8)identifiedintheoutputfromtheimageinfocommand.

> df | egrep 'Filesystem|md6|md8' 
 
Filesystem           1K-blocks      Used Available Use% Mounted on 
/dev/md6              10317752   6632836   3160804  68% / 
/dev/md8               2063440    654956   1303668  34% /opt/oracle 

Bydefault,themake_cellboot_usbcommandwillcreatearescueimageofyouractiveconfiguration
(theoneyouarecurrentlyrunning).The–inactiveoptionallowsyoutocreatearescueimagefromthe
previousconfiguration.Theinactivepartitionsarethesystemvolumesthatwereactivewhenthelast
patchwasinstalled.

Themake_cellboot_usbcommandisusedtocreateabootablerescueimage.Tocreateanexternal
rescueimage,allyouhavetodoisplugaUSBflashdriveintooneoftheUSBportsonthefrontpanelof
thestoragecellandrunthemake_cellboot_usbcommand.

■Caution:TherescueimagewillbecreatedonthefirstexternalUSBdrivefoundonthesystem.Beforecreating
anexternalrescueimage,removeallotherexternalUSBdrivesfromthesystem.

Forexample,thefollowinglistingshowstheprocessofcreatinganexternalUSBrescueimage.The
outputfromthemake_cellboot_usbscriptisfairlylengthy,alittleover100lines,sowewon’tshowallof
ithere.Someoftheoutputexcludedfromthefollowinglistingincludesoutputfromthefdiskcommand
thatisusedtocreatepartitionsontheUSBdrive,formattingofthefilesystems,andthemanyfilesthat
arecopiedtocreatethebootablerescuedisk.

[enkcel01:root] /opt/oracle.SupportTools 
> ./make_cellboot_usb 
... 
Candidate for the Oracle Exadata Cell start up boot device     : /dev/sdad 
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Partition on candidate device                                  : /dev/sdad1 
The current product version                                    : 11.2.1.2.6 
... 
Setting interval between checks to 0 seconds 
Copying ./imgboot.lst to /mnt/usb.make.cellboot/. ... 
Copying ./boot.cat to /mnt/usb.make.cellboot/. ... 
Copying ./boot.msg to /mnt/usb.make.cellboot/. ... 
Copying ./image.id to /mnt/usb.make.cellboot/. ... 
Copying ./initrd.img to /mnt/usb.make.cellboot/. ... 
Copying ./isolinux.bin to /mnt/usb.make.cellboot/. ... 
Copying ./isolinux.cfg to /mnt/usb.make.cellboot/. ... 
Copying ./memtest to /mnt/usb.make.cellboot/. ... 
Copying ./splash.lss to /mnt/usb.make.cellboot/. ... 
Copying ./trans.tbl to /mnt/usb.make.cellboot/. ... 
Copying ./vmlinuz to /mnt/usb.make.cellboot/. ... 
Copying ./cellbits/cell.bin to /mnt/usb.make.cellboot/./cellbits ... 
Copying ./cellbits/cellboot.tbz to /mnt/usb.make.cellboot/./cellbits ... 
Copying ./cellbits/cellfw.tbz to /mnt/usb.make.cellboot/./cellbits ... 
Copying ./cellbits/cellrpms.tbz to /mnt/usb.make.cellboot/./cellbits ... 
... 
Copying ./lastGoodConfig/cell.conf to /mnt/usb.make.cellboot/./lastGoodConfig ... 
Copying ./lastGoodConfig/cell/cellsrv/deploy/config/cell_disk_config.xml to 
... 
Copying ./lastGoodConfig/etc/ssh/ssh_host_key.pub to 
/mnt/usb.make.cellboot/./lastGoodConfig/etc/ssh ... 
Copying ./lastGoodConfig/etc/ssh/ssh_host_dsa_key to 
/mnt/usb.make.cellboot/./lastGoodConfig/etc/ssh ... 
Copying ./lastGoodConfig/root_ssh.tbz to /mnt/usb.make.cellboot/./lastGoodConfig ... 
Copying ./lastGoodConfig/cellmonitor_ssh.tbz to /mnt/usb.make.cellboot/./lastGoodConfig ... 
Running "tar -x -j -p -C /mnt/usb.make.cellboot -f 
//opt/oracle.cellos/iso/cellbits/cellboot.tbz grub/" ... 
Copying //opt/oracle.cellos/tmpl/USB_grub to /mnt/usb.make.cellboot/grub/grub.conf ... 
Copying //opt/oracle.cellos/tmpl/oracle.xpm.gz to /mnt/usb.make.cellboot/grub/oracle.xpm.gz 
... 
    GNU GRUB  version 0.97  (640K lower / 3072K upper memory) 
 
 [ Minimal BASH-like line editing is supported.  For the first word, TAB 
   lists possible command completions.  Anywhere else TAB lists the possible 
   completions of a device/filename.] 
grub> root (hd0,0) 
 Filesystem type is ext2fs, partition type 0x83 
grub> setup (hd0) 
 Checking if "/boot/grub/stage1" exists... no 
 Checking if "/grub/stage1" exists... yes 
 Checking if "/grub/stage2" exists... yes 
 Checking if "/grub/e2fs_stage1_5" exists... yes 
 Running "embed /grub/e2fs_stage1_5 (hd0)"...  15 sectors are embedded. 
succeeded 
 Running "install /grub/stage1 (hd0) (hd0)1+15 p (hd0,0)/grub/stage2 /grub/grub.conf"... 
succeeded 
Done. 
grub> 
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Hereyoucanseethatthemake_cellboot_usbscriptcopiesoverallofthestoragecellsoftware
(cellbits),andconfigurationfiles(lastGoodConfig)itneedstorecoverthestoragecell.Finally,yousee
thattheGrubbootloaderisinstalledontheUSBdrivesoyoucanbootthesystemfromit.Whenthe
scriptcompletes,youcanremovetheexternalUSBdiskfromthesystem.Thisrescuediskcanlaterbe
usedforrestoringyourstoragecelltoworkingconditionshouldtheneedarise.

ActiveandInactiveSystemVolumes

Exadatahasthreemodesforinstallingsoftware:firsttimeinstall,patch(orin-partition patch),andan
out-of-partition upgrade.Ajournalofyourinstallationhistorycanbeseenusingtheimagehistory
command:

> imagehistory 
Version                              : 11.2.1.2.3 
Image activation date                : 2010-05-15 20:07:07 -0700 
Imaging mode                         : fresh 
Imaging status                       : success 
 
Version                              : 11.2.1.2.6 
Image activation date                : 2010-06-03 09:10:08 -0700 
Imaging mode                         : patch 
Imaging status                       : success 
... 
Version                              : 11.2.2.2.0.101206.2 
Image activation date                : 2010-12-17 11:45:17 -0600 
Imaging mode                         : out of partition upgrade 
Imaging status                       : success 

The-alloptioncanbeusedtoshowmuchmoredetailaboutyoursoftwareinstallationhistory.

In-Partition Patches 

Asdiscussedearlier,Exadatamaintainstwosetsofsystemvolumes,Active,andInactive.In-partition
patchesarerare.Butwhenanin-partitionpatchisperformed,thepatchisappliedtotheActivesystem
image.Exadatasavesacopyofthefilesandsettingsthatwerechangedduringtheinstallationprocessso
youcanbackoutthepatchlaterifneeded.

Out-of-Partition Upgrades 

Whenanout-of-partitionupgradeisperformed,ExadatainstallsthesoftwareintotheInactivesystem
volumes.Iftheinstallationfails,thecellwillcontinuetobootfromthecurrent(Active)systemimage.
ThisishowExadataensuresthatafailedupgradedoesnotcauseanextendedoutage.Iftheupgrade
completessuccessfully,ExadatasetstheupgradedvolumestoActivestatusandchangestheoldActive
volumestoInactive.Itthenupdatesthe/boot/grub/grub.conffilewiththedevicenameofthenewly
activatedrootfilesystemandreboots.Duringthebootprocess,theGrubbootloaderreadsthe
grub.conffiletofindthedeviceitwilluseformountingtherootfilesystem.Aquicklookatthe
grub.conffileshowsthatourActivepartitionfortherootfilesystemis/dev/md6.

> grep kernel /boot/grub/grub.conf | cut -c1-53 | head -1 
      kernel /vmlinuz-2.6.18-194.3.1.0.3.el5 root=/dev/md6 
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TheimageinfocommanddisplayseverythingweneedtoknowaboutourActiveandInactivesystem
images,includingthepartitiondevicenames,whentheimagewascreated(installed),whenitwas
activated,andwhetherornotyoucanrollbacktoit(switchittotheActiveimage).Alsonoticethatthe
internalCELLBOOTUSBflashdrivewediscussedearlierislisted(/dev/sdac1).

> imageinfo -all 
 
Kernel version: 2.6.18-194.3.1.0.3.el5 #1 SMP Tue Aug 31 22:41:13 EDT 2010 x86_64 
Cell version: OSS_11.2.0.3.0_LINUX.X64_101206.2 
Cell rpm version: cell-11.2.2.2.0_LINUX.X64_101206.2-1 
 
Active image version: 11.2.2.2.0.101206.2 
Active image created: 2010-12-07 05:55:51 -0800 
Active image activated: 2010-12-17 11:45:17 -0600 
Active image type: production 
Active image status: success 
Active internal version: 
Active image label: OSS_11.2.0.3.0_LINUX.X64_101206.2 
Active node type: STORAGE 
Active system partition on device: /dev/md6 
Active software partition on device: /dev/md8 
 
In partition rollback: Impossible 
 
Cell boot usb partition: /dev/sdac1 
Cell boot usb version: 11.2.2.2.0.101206.2 
 
Inactive image version: 11.2.2.1.1.101105 
Inactive image created: 2010-11-05 15:50:21 -0700 
Inactive image activated: 2010-11-18 14:48:49 -0600 
Inactive image type: production 
Inactive image status: success 
Inactive internal version: 101105 
Inactive image label: OSS_11.2.2.1.1_LINUX.X64_101105 
Inactive node type: STORAGE 
Inactive system partition on device: /dev/md5 
Inactive software partition on device: /dev/md7 
 
Boot area has rollback archive for the version: 11.2.2.1.1.101105 
Rollback to the inactive partitions: Possible 

ExadatastoragecellsareanelegantblendofLinuxcommandsandproprietaryprograms.Themore
wepokearoundthroughtheirscripts,processes,anddocumentation,thegreaterourappreciationofthe
architectureandwhatOraclehasdonetobuildinsoftwareredundancyandrecovery.Thestoragecells
maintainabootablecellrecoveryimageonaninternalUSBflashdiskaswellasanonlinecopyof
everythingExadataneedstocreateanexternalbootablerecoveryimage.Thissecondarycopyofyour
configurationprovidesaconvenientwaytorestoreindividualfilesifneeded.Theseareallinadditionto
Exadata’sabilitytorollbackpatchesandupgradesconveniently.Allthesebuilt-infeaturesprovide
convenientrecoveryfromvarioususererrorsandprotectionfromissuesthatcanarisewhenpatchingor
upgradingthestoragecell.
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Backing Up the Database 
Exadatarepresentsaleapforwardincapacityandperformance.Justafewyearsago,largedatabases
weredescribedintermsofgigabytes.Todayit’snotuncommontofinddatabasesmeasuredinterabytes.
Itwasn’tlongagowhenatablewasconsideredhugeifitcontainedtensofmillionsofrows.Today,we
commonlyseetablesthatcontaintensofbillionsofrows.Thistrendmakesitclearthatwewillsoonsee
databasesmeasuredinexabytes.Asyoumightimagine,thiscreatessomeuniquechallengesforbackup
andrecovery.ThetoolsforbackingupExadatadatabaseshavenotfundamentallychanged,andthe
needtocompletebackupsinareasonableperiodoftimeisbecomingincreasinglydifficulttoachieve.
Someofthestrategieswe’lldiscussherewillnotbenew.Butwewillbelookingatwaystoleveragethe
speedoftheplatformsobackupperformancecankeeppacewiththeincreasingvolumeofyour
databases.

Disk-BasedBackups
Oracle10gintroducedustoanewfeaturecalledtheFlash Recovery Area,whichextendedRecovery
Manager’sstructuredapproachtomanagingbackups.Recentlythisfeaturehasbeenrenamedtothe
Fast Recovery Area(FRA).TheFRAisastorageareamuchlikeanyotherdatabasestorage.Itcanbe
createdonrawdevices,blockdevices,filesystems,andofcourse,ASM.SincetheFRAutilizesdisk-based
storage,itprovidesaveryfaststoragemediumfordatabaserecovery.Thisisespeciallytruewhenusing
Exadata’shigh-performancestoragearchitecture.Eliminatingtheneedtoretrievebackupsfromtape
canshavehoursandsometimesdaysoffthetimeittakestorecoveryourdatabases.And,sincetheFRA
isanextensionofthedatabase,Oracleautomaticallymanagesthatspaceforyou.WhenfilesintheFRA
arebackeduptotapetheyarenotimmediatelydeleted.Theyareinsteadkeptonlineaslongasthereis
enoughfreespacetodoso.Whenmorespaceisneeded,thedatabasedeletes(inaFIFOmanner)
enoughofthesefilestoprovidetheneededspace.

Tape-BasedBackups
UsingtheFRAfordisk-basedbackupscangreatlyimprovethetimeittakestorecoveryourdatabases,
butitdoesnoteliminatetheneedfortapebackups.Asamatteroffact,tape-basedbackupsarerequired
forbackinguptheFRA.Movinglargequantitiesofbackupdatatotapecanbeachallenge,andwiththe
volumeofdatathatcanbestoredonExadata,theneedforhigh-performancetapebackupsiscritical.
ExadataV2comesequippedwithGigabitEthernet(GigE)portsthatareeachcapableofdelivering
throughputupto1000megabitspersecond.ExadataX2-2comeswithtwo10GigabitEthernetports,
eachcapableofdeliveringupto10timesthethroughputoftheGigEportsoftheV2.Theproblemisthat
eventhe10GigEportsbetweenExadataandthetapelibrary’smediaservermaynotbefastenoughto
keepup.

Acommonsolutiontothisproblemistoinstalla40GbpsQDRInfiniBandcard(ortwo)intothe
mediaserver,allowingittobelinkeddirectlyintothespareportsontheExadataInfiniBandnetwork
switch.Figure9-1illustratesacommonbackupconfigurationthatleveragesthehigh-speedInfiniBand
networkinsidetheExadataracktoprovidehigh-speedbackupstotape.
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Figure 9-1. Exadata backup architecture 

Forverylargedatabases,oneInfiniBandcardmaynotprovidethethroughputneededtocomplete
backupsinareasonabletime.ForOracleRACdatabases,backupscanbeparallelizedanddistributed
acrossanyorallnodesintheRACcluster.ForExadatafullrackconfigurations,thismeansyoucanhave
upto8nodes(inasinglerack)participatinginthebackupworkload.InstallingadditionalInfiniBand
cardsintothemediaserverallowsyoutoincreasethethroughputin40Gbpsincrements(3.2GB
effective)uptothelimitsofthemediaserver.Anadditionalmediaservercanbeaddedtothe
configurationandload-balancedtoextendperformanceevenfurther.Oracle’sMAAgrouppublisheda
verygoodwhitepaperentitled“BackupandRecoveryPerformanceandBestPracticesforExadataCell
andtheSunOracleDatabaseMachine,”inwhichtheyreportedbackupratesofupto2,509MB/secor
8.6TB/hrfortapebackups.

BackupfromStandbyDatabase
IfyouareplanningtosetupadisasterrecoverysiteusingDataGuard,youhavetheoptionofoffloading
yourdatabasebackupstothestandbydatabase.ThisisnotinanywayanExadatafeature,sowewill
onlytouchbrieflyonthesubject.Themainpurposeofthestandbydatabaseistotakeoverthe
productionloadintheeventthattheprimarydatabaseexperiencesatotalfailure.However,usinga
physicalstandbydatabasealsoprovidesanadditionalbackupforyourprimarydatabase.Ifadatafile
fromtheprimarydatabaseislost,areplacementdatafilefromthestandbydatabasecanbeusedto
replaceit.Oncethefilehasbeenrestoredtotheprimarydatabase,archivedredologsareusedtorecover
thedatafileuptothecurrentSCNofthedatabase.Thestandbydatabaseistypicallymounted(butnot
open)duringnormaloperations.ColdbackupscanbemadefromthestandbytotheFastRecoveryArea
(FRA)andthentotape.Backupsfromthestandbydatabasecanberestoreddirectlytotheprimary
database.Thisprovidesthreelevelsofrecoverytochoosefrombeforedecidingwhetherafailovertothe
standbyisnecessary.

ItisbesttouseanExadataplatformforyourstandbydatabase.Thisisbecausealthoughtablesthat
useHybridColumnarCompression(HCC)willreplicatetonon-Exadatadatabasesjustfine,youwillnot
beabletoreadfromthem.Thedatabasekernelonnon-ExadatadatabasescannotreadHCC-
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compresseddata.Forexample,thefollowingerrorisreturnedwhenyouselectfromanHCCtableona
standard11.2.xdatabase:

SQL> select distinct segment_name from bigtab_arch_high; 
 select distinct segment_name from small_table_arch_high 
                       * 
ERROR at line 1: 
ORA-64307: hybrid columnar compression is only supported in tablespaces residing on Exadata 
storage 

Yourcompresseddataisstillintact.Youjustcannotreaditunlessyoufirstuncompressit.HCC-
compressedtablescanbeuncompressedonnon-ExadatadatabasesusingtheALTER TABLE MOVE
commandasfollows:

SQL> alter table BIGTAB_ARCHIVE_HIGH move nocompress; 

Partitionedtablescanbeuncompressedinasimilarmanner,andtheoperationcanbeparallelized
usingtheparalleloption,asyoucanseeinthefollowingcommand:

SQL> alter table BIGTAB_ARCHIVE_HIGH move partition JAN_2011 nocompress parallel; 

Oncethetableisuncompressed,itcanbereadfromanon-Exadatadatabase.Keepinmindthat
withthehighdegreeofcompressionHCCprovides,youmusttakeintoconsiderationtheadditionaldisk
storagethatwillberequiredbytheuncompressedtableorpartition,whichcanbequitesubstantial.

ExadataOptimizationsforRMAN
WhenRMANperformsanincrementalbackupontheExadataplatform,cellsrvfiltersoutunwanted
blocksandsendsbackonlythosethathavechangedsincethelastlevel0orlevel1backup.This
improvestheperformanceofincrementalbackupsandreducestheworkloadonthedatabaseserver.
Butevenwhenonlyarelativelysmallnumberofblockshavechanged,discoveringthemisaveryI/O-
intensiveprocess,becauseeveryblockinthedatabasemustbeexaminedtodeterminewhichoneshave
changedsincethelastincrementalbackup.ThisistrueforbothExadataandnon-Exadatadatabases.
Theonlydifferenceiswheretheworkisdone;onthedatabaseserver,oronthestoragecells.Afewyears
ago,Oracle10gintroducedblock change tracking(BCT)toaddressthisproblem.Ofcoursethiswaslong
beforeExadatacameontothescene.Thisfeaturemaintainsabitmapstructureinafilecalledtheblock
changetrackingfile.EachbitintheBCTfile(1bitper32Kofdata)representsagroupofblocksinthe
database.Whenadatablockismodified,OracleflipsabitintheBCTfilerepresentingthegroupof
blocksinwhichthechangedblockresides.Whenanincrementalbackupistaken,RMANretrievesthe
wholegroupofblocks(representedbyaflippedbitintheBCTfile),andexaminesthemtodetermine
whichonechanged.Blockchangetrackingintroducesminimaloverheadonthedatabaseserverandisa
veryefficientwaytotrackchangedblocks.And,sinceitgreatlyreducesthenumberofblocksthatmust
beexaminedduringabackup,itimprovesbackupperformancewhilereducingtheworkloadonthe
databaseserverandstoragegrid.

FortheExadataplatform,youmaychoosetoallowcellsrvtodoalloftheblockfilteringfor
incrementalbackups,oruseitintandemwithblockchangetracking.Blockchangetrackingseemsto
providethemostbenefitwhenfewerthan20percentoftheblocksinthedatabasehavechangedsince
thelastlevel0orlevel1backup.Ifyourdatabaseisclosetothatthreshold,youshoulddosometestingto
determinewhetherornotBCTimprovesincrementalbackupperformance.TheBLOCKS_SKIPPED_IN_CELL
columnoftheV$BACKUP_DATAFILEviewshowsthenumberofblocksthatwerereadandfilteredoutatthe
storagecell.Thisoffloadingistransparentandrequiresnouserinterventionorspecialparameterstobe
setaheadoftime.
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Wait Events 

TherearetwoExadata-specificwaiteventsthataretriggeredbydatabasebackupandrecovery
operationsontheExadataplatform;cell smart incremental backup,andcell smart restore from 
backup.ThesewaiteventsarecoveredinmoredetailinChapter10.

cell smart incremental backup:ThiswaiteventoccurswhenExadataoffloads
incrementalbackupprocessingtothestoragecells.TheP1columnofthe
V$SESSION_WAITviewcontainsthecellhashnumber.Thishashvaluecanbe
usedtocomparetherelativebackupperformanceofeachstoragecelland
determineifthereisaperformanceproblemonanyofthecells.

cell smart restore from backup:Thiswaiteventoccursduringrestore
operationswhenExadataoffloadsthetaskofinitializingafiletothestorage
cells.TheP1columnofV$SESSION_WAITcontainsthecellhashnumber.This
hashvaluecanbeusedtocomparetherelativerestoreperformanceofeach
storagecellanddetermineifthereisaperformanceproblemonanyofthecells.

Recovering Exadata 
Abettertitleforthissectionmightbe,“WhenThingsGoWrong.”Afterall,that’susuallyaboutthetime
werealizehowlittlepracticalexperiencewehaverecoveringoursystems.AscorporateAmerica
continuestosqueezeeverydropofproductivetimeoutofourworkweek,DBAsandSystem
Administratorsspendmostifnotalloftheirwakinghours(andsometimessleepinghours)just“keeping
thewheelson.”Soactuallypracticingsystemrecoveryismoreoftenthannottreatedliketheproverbial
“red-headedstepchild”—seldomthoughtabout,andrarelyattendedto.Andevenifwefindourselvesin
theenviablepositionofhavingthetimetopracticesystemrecovery,it’sraretohavethespare
equipmenttopracticeon.Sokudostoyouifyouarereadingthisandnothingisactuallybroken.Inthis
sectionwe’llbediscussingExadatasystemrecoveryusingthebackupmethodswecoveredinthe
“BackingUpExadata”sectionofthischapter.

RestoringtheDatabaseServer
Backingupandrestoringthedatabaseserverscanbedoneusingthird-partybackupsoftwareor
homegrownscriptsusingfamiliarcommandsliketarandzip.RecentlyOraclebeganconfiguringthe
ExadatadatabaseserverswiththeLinuxLogicalVolumeManager(LVM),whichprovidessnapshotsfor
creatingpoint-in-time,tar-basedbackupsets.TheprocedureforrecoveringExadatadatabaseserversis
averystructuredprocessthatisspecifictoExadata.Inthissectionwe’llbesteppingthroughthis
procedurepresumingthebackupwastakenusingthebackupprocedurediscussedearlierinthis
chapter.So,ifyouhaven’treadthroughthatsectionofthischapter,youmightwanttotakealookatit
beforecontinuing.

Recovery Using LVM Snapshot-Based Backup Images 

RestoringthedatabaseserverusingtheLVMsnapshotbackupprocedurewediscussedearlierinthis
chapterisafairlystraightforwardprocess.Thebackupimagewewilluseinthisprocedure,
enkdb01_system_backup.tar.bz2,istheonewecreatedearlierinthischapterandincludesthe/,/boot,
and/u01filesystems.ThefirstthingyouneedtodoisstagethebackupimageonanNFSfilesystemthat
canbemountedbythefaileddatabaseserver.TheserveristhenbootedfromaspecialdiagnosticsISO
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bootimageincludedonallExadataservers.WhenthesystembootsfromthediagnosticsISO,youwillbe
promptedstepbystepthroughtherecoveryprocess.Let’stakealookatthebasicstepsforrecoveringa
faileddatabaseserverfromtheLVMsnapshot-basedbackupwetookearlierinthischapter:

1. PlacetheLVMsnapshotbackupimageonanNFSsharedfilesystemthatis
accessibletothefailedserverbyIPaddress.Thefilewe’llbeworkingwithis
namedenkdb01_system_backup.tar.bz2.

■Note:ThisrecoveryprocedureusesabackupimagetakenusingLVMsnapshots.Backupsthatarenot
snapshot-basedcanalsobeusedforsystemsthatarenotconfiguredwithLVM.WithoutLVMsnapshots,the
backupimagecanbecreatedbyrunningthefollowingcommandfromtherootdirectory:

tar -pjcvf enkdb01_system_backup.tar.bz2 * /boot  --exclude enkdb01_system_backup.tar.bz2 

2. Attachthe/opt/oracle.SupportTools/diagnostics.isobootimagetothe
failedserverthroughtheILOM.Thiscanbedonefromanyoftheother
databaseserversintherack.

3. RebootthefailedserverandselecttheCD-ROMasthebootdevice.Whenthe
systembootsfromthediagnosticsISO,itwillenteraspecialserverrecovery
process.

4. Fromthispointon,therecoveryprocesswillincludestep-by-stepdirections.
Forexample,thefollowingprocessrecoversthedatabaseserverfromthe
backupimage,enkdb01_system_backup.tar.bz2.Answerstothepromptsare
showninbold_italics.

Choose from following by typing letter in '()': 
(e)nter interactive diagnostics shell. Must use credentials from Oracle support to login 
(reboot or power cycle to exit the shell), 
(r)estore system from NFS backup archive, 
Select: r 
 
Are you sure (y/n) [n]: y 
 
The backup file could be created either from LVM or non-LVM based compute node. Versions below 
11.2.1.3.1 and 11.2.2.1.0 or higher do not support LVM based partitioning. Use LVM based 
scheme(y/n): y 
 
Enter path to the backup file on the NFS server in format: 
<ip_address_of_the_NFS_share>:/<path>/<archive_file> 
 
For example, 10.10.10.10:/export/operating_system.tar.bz2 
 
NFS line:nfs_ip: /export/enkdb01_system_backup.tar.bz2 
IP Address of this host: 192.168.10.62 
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Netmask of this host: 255.255.255.0 
Default gateway: 192.168.15.1 

5. Whenalltheaboveinformationisentered,Exadatawillproceedtomountthe
backupimageacrossthenetworkandrecoverthesystem.Whentherecovery
isfinished,youwillbepromptedtologin.Loginasrootusingthepassword
providedintheOracledocumentation.

6. DetachthediagnosticsISOfromtheILOM.

7. Rebootthesystemusingtherebootcommand.Thefailedservershouldbe
completelyrestoredatthispoint.

Whenthesystemfinishesbootingyoucanverifytherecoveryusingtheimagehistorycommand.
Thefollowinglistingshowsthattheimagewascreatedasarestore from nfs backupandwascompleted
successfully:

[enkdb01:oracle:EXDB1] /home/oracle 
> su - 
Password: 
 
[enkdb01:root] /root 
> imagehistory 
Version                              : 11.2.1.2.3 
Image activation date                : 2010-05-15 05:58:56 -0700 
Imaging mode                         : fresh 
Imaging status                       : success 
... 
 
Version                              : 11.2.2.2.0.101206.2 
Image activation date                : 2010-12-17 11:51:53 -0600 
Imaging mode                         : patch 
Imaging status                       : success 
 
Version                              : 11.2.2.2.0.101206.2 
Image activation date                : 2010-01-23 15:23:05 -0600 
Imaging mode                         : restore from nfs backup 
Imaging status                       : success 

Generallyspeaking,it’sagoodideanottogettoocreativewhenitcomestocustomizingyour
Exadatadatabaseserver.OraclepermitsyoutocreatenewLVMpartitionsandaddfilesystemstoyour
databaseservers,butifyoudoso,yourrecoverywillrequiresomeadditionalsteps.Theyaren’tterribly
difficult,butifyouchoosetocustomizeyourLVMpartitions,besuretodocumentthechanges
somewhereandfamiliarizeyourselfwiththerecoveryproceduresforcustomizedsystemsintheOracle
documentation.

Reimaging a Database Server 

Ifadatabaseservermustbereplacedorrebuiltfromscratchandthereisnobackupimagetorecover
from,animagecanbecreatedfromaninstallimageprovidedbyOracleSupport.Itisalengthyand
highlycomplicatedprocess,butwe’llhitthehighlightsheresoyougetageneralideaofwhatthis
processinvolves.
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BeforetheservercanbereimageditmustberemovedfromtheRACcluster.Thisisthestandard
procedurefordeletinganodefromany11gR2RACcluster.Firstthelisteneronthefailedservermustbe
shutdownanddisabled.ThentheORACLE_HOMEforthedatabasebinariesisremovedfromtheOracle
inventory.TheVIPisthenstoppedandremovedfromtheclusterconfigurationandthenodedeleted
fromthecluster.FinallytheORACLE_HOMEfortheGridInfrastructureisremovedfromtheOracle
inventory.

OracleSupportwillprovideyouwithacomputeImageMakerfilethatisusedforcreatinganinstall
imagefromoneofthesurvivingdatabaseservers.Thisimagemakerfileisspecifictotheversionand
platformofyourExadatasystemandwillbenamedasfollows:

computeImageMaker_{exadata_release}_LINUX.X64_{release_date}.{platform}.tar.zip 

AnexternalUSBflashdriveisusedtoboottherecoveryimageonthefailedserver.TheUSBdrive
doesn’tneedtobeverybig,a2–4GBthumbdrivecanbeused.Thenextstepistounziptheimagemaker
fileyoudownloadedfromOracleSupportononeoftheotherExadatadatabaseserversinyourrack.A
similarrecoveryprocessesforstoragecellsusesthefirstUSBdrivefoundonthesystem,sobefore
proceedingyoushouldremoveallotherexternalUSBdevicesfromthesystem.Tocreateabootable
systemimageforrecoveringthefaileddatabaseserver,youwillrunthemakeImageMedia.shscript;it
promptsyouforsystem-specificsettingsitwillneedtoapplytothefailedserverduringthereimaging
process.WhenthemakeImageMedia.shscriptcompletes,youarereadytoinstalltheimageonyourfailed
server.RemovetheUSBdrivefromthegoodserverandplugitintothefailedserver.LogintotheILOM
onthefailedserverandrebootit.Whentheserverbootsupitwillautomaticallyfindthebootable
recoveryimageontheexternalUSBdriveandbeginthereimagingprocess.Fromthispoint,theprocess
isautomated.FirstitwillcheckthefirmwareandBIOSversionsontheserverandupdatethemas
neededtomatchthemwithyourotherdatabaseservers.Don’texpectthistodoanythingifyouare
reimagingaserverthatwasalreadypartofyourExadatasystem,butitisnecessaryifthedamagedserver
hasbeenreplacedwithnewequipment.Oncethehardwarecomponentsareuptodate,anewimage
willbeinstalled.WhenthereimagingprocessiscompleteyoucanunplugtheexternalUSBdriveand
powercycletheservertobootupthenewsystemimage.

Whenthereimagingprocessiscompleteandthedatabaseserverisbackonlineitwillbesetto
factorydefaults.DependingonthepatchleveloftheinstallimageyoudownloadedfromOracleSupport,
youmayneedtoreinstallsoftwarepatchesontheservertomakeitcurrentwiththerestofyourExadata
system.Youwillalsoneedtoreconfigureallothersite-specificsettingssuchashostname,IPaddresses,
NTPserver,DNS,anduserandgroupaccounts.Forallintentsandpurposesyoushouldthinkofthe
reimagedserverasabrand-newserver.Oraclehasdoneanexcellentjobofimprovingtheproductwith
everyrelease.Perhapsinthenearfuture,wecanlookforwardtoareimagingprocessthatautomatically
configuresmostofthesite-specificsettingsforyou.Oncetheoperatingsystemisconfigured,youwill
needtoreinstalltheGridInfrastructureanddatabasesoftwareandaddthenodebackintothecluster.
ThisisawelldocumentedprocessthatmanyRACDBAsrefertoasthe“addnode”procedure.Ifyou’re
notfamiliarwiththeprocess,letusreassureyou.It’snotnearlyasdauntingortime-consumingasyou
mightthink.Onceyouhavetheoperatingsystempreparedfortheinstall,muchoftheheavyliftingis
doneforyoubytheOracleInstaller.TheExadataOwner’sGuidedoesanexcellentjobofwalkingyou
througheachstepoftheprocess. 

Recovering the Storage Cell 
Storagecellrecoveryisaverybroadsubject.Itcanbeassimpleasreplacinganunderperformingor
faileddatadiskandascomplexasrespondingtoatotalsystemfailuresuchasamalfunctioningchipon
themotherboard.Inthissectionwe’llbediscussingvarioustypesofcellrecoveryincludingremoving
andreplacingphysicaldisks,failedflashcachemodules,andwhattodoifanentirestoragecelldiesand
mustbereplaced.
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System Volume Failure 

RecallthatthefirsttwodisksinthestoragecellcontaintheLinuxoperatingsystemandarecommonly
referredtoasthe“systemvolumes.”Exadataprotectsthesevolumesusingsoftwaremirroringthrough
theO/S.Evenso,certainsituationsmayrequireyoutorecoverthesedisksfrombackup.Somereasons
forperformingcellrecoverywouldinclude:

• Systemvolumes(disks1and2)failsimultaneously.

• Thebootpartitionisdamagedbeyondrepair.

• Filesystemsbecomecorrupted.

• Apatchinstallationorupgradefails.

Ifyoufindyourselfinanyofthesesituations,itmaybenecessary,oratleastmoreexpedient,to
recoverthesystemvolumesfrombackup.Asdiscussedearlier,Exadataautomaticallymaintainsa
backupofthelastgoodbootconfigurationusinga4GBinternalUSBflashdrivecalledtheCELLBOOT
USBflashdrive.RecoveringthesystemvolumesusingthisinternalUSBflashdiskiscommonlyreferred
toasthestorage cell rescue procedure.Thestepsforperformingthecellrescueprocedurebasically
involvebootingfromtheinternalUSBdriveandfollowingthepromptsforthetypeofrescueyouwantto
perform.Bytheway,sinceExadatacomesequippedwithanILOM(IntegratedLightsOutManagement
module),youcanperformallcellrecoveryoperationsremotely,acrossthenetwork.Thereisnoneedto
standinfrontoftheracktoperformafullcellrecoveryfromtheinternalUSBflashdisk.

Asyoumightimagine,thistypeofrecoveryshouldnotbedonewithouttheassistanceofOracle
Support.Thissectionisnotintendedtobeastep-by-stepguidetocellrecovery,sowe’renotgoingtogo
intoallthedetailsofcellrecoveryfromtheCELLBOOTUSBflashdiskhere.TheOracledocumentation
shouldbeusedforthat,butwewilltakealookatwhattoconsiderbeforestartingsucharecovery.

Cell Disks and Grid Disks:TherescueprocedurerestorestheLinuxsystem
volumesonly.Celldisksandtheircontentsarenotrestoredbytherescue
procedure.Ifthesepartitionsaredamagedtheymustbedroppedandre-
created.Oncethegriddisksareonline,theycanbeaddedbacktotheASMdisk
groupandasubsequentrebalancewillrestorethedata.

ASM Redundancy: RecoveringastoragecellfromUSBbackupcanpotentially
causethelossofalldataonthesystemvolumes.Thisincludesyourdatabase
datainthegriddisksonthesediskdrives.IfyourASMdiskgroupsuseNormal
redundancy,westronglyrecommendmakingadatabasebackupbefore
performingcellrecoveryfromUSBdisk.WithASMHighredundancy,youhave
twomirrorcopiesofallyourdata,soitissafetoperformcellrecoverywithout
takingdatabasebackups.Evenso,we’dstilltakeabackupifatallpossible.The
recoveryprocessdoesnotdestroydatavolumes(cell/griddisks)unlessyou
explicitlychoosetodosowhenpromptedbytherescueprocedure.

Software and Patches: Asofversion11.2ofthestoragecellsoftware,therescue
procedurewillrestorethecelltoitsformerstate,patchesincluded,whenthe
backupwastaken.Alsoincludedintherestorearethenetworksettingsand
SSHkeysfortheroot,celladmin,andcellmonitoraccounts.Thealertsettings
andSMTPconfiguration(includingemailaddresses)foralertnotificationwill
notberestored.Reconfiguringthesesettingsisatrivialtaskandcanbedone
usinganothercelltodeterminethecorrectsettingstoapply.
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CellRescueOptions

Therearetwomainrescueoptions,Partial ReconstructionandFull Recovery.Asyoumightguess,a
partialreconstructionattemptstopreserveasmuchofyourcurrentconfigurationaspossible,whilea
fullrecoverywipesyoursystemandresetsitbacktothelastgoodconfigurationitknowsabout.

Partial Reconstruction: Ifthisoptionischosen,therescueprocedurewillrepair
thepartitionswithoutdamagingthefilesystems.Itscansforfilesystemson
thesepartitions,andiftheyarefoundwilltrytorebootusingthem.Ifthecell
rebootssuccessfully,youcanusetheCellCLIcommandtochecktheintegrity
ofthecellconfiguration.Ifthecellfailstoreboot,afullrecoverymustbe
performedtorepairthedamagedsystemvolumes.

Full Recovery: Afullrecoverydestroysandre-createsallsystempartitionsand
re-createsthefilesystemsfromscratch.Itthenrestoresthesystemvolumes
frombackup.TherearetwofilesthataretoobigtofitontheinternalUSBflash
drive,thekernel-debuginfo,andkernel-debuginfo-commonRPMs.Thesefiles
mustbereinstalledbeforeyoucanusecrashkernelsupport.Iffullrecoveryis
performed,youwillneedtoreconfigurethecellalertandSMTPconfiguration.
Itisimportant,soI’llrepeatit.Cellandgriddisksarenotoverwrittenbythis
process.Youwill,however,needtore-importthecelldisksbeforetheycanbe
used.

So,whathappensifforsomereason,theinternalCELLBOOTUSBflashdiskcannotbeusedforthe
rescueprocedure?IfthishappensyoucanbootthestoragecellfromanexternalUSBdrivecontaininga
backupcopyoftheCELLBOOTUSBflashdisk.Theprocessisthesameasitisforperformingcellrescue
usingtheinternalCELLBOOTUSBflashdisk.

Rolling Back a Failed Patch 

ExadatastoragecellscomeequippedwithwhatOraclecallsavalidation framework.Thisframeworkisa
setofteststhatarerunattheendofthebootprocess.Thevalidationscriptiscalledvldrunandiscalled
from/etc/rc.local,ascanbeseeninthefollowinglisting:

> cat /etc/rc.d/rc.Oracle.Exadata 
... 
# Perform validations step 
/opt/oracle.cellos/vldrun -all 
... 

Inadditiontotheregularvalidationsthatareruneverytimethesystemboots,othervalidationsare
runundercertaincircumstances.Forexample,afterthecellispatchedorupgraded,orthesystemis
recoveredusingthestoragecellrescueprocedure,validationsareruntoensurethattheconfiguration
andsoftwareareallintact.Thevalidationframeworkwritesitsoutputtothe
/var/log/cellos/validationsdirectory,asyoucanseeinthefollowinglisting:

> ls -l /var/log/cellos/validations 
total 184 
-rw-r----- 1 root root   685 Dec 17 11:41 beginfirstboot.log 
-rw-r----- 1 root root  3982 Dec 31 12:37 biosbootorder.log 
-rw-r----- 1 root root  2537 Dec 17 11:26 cellcopymetadata.log 
-rw-r----- 1 root root   268 Dec 31 12:37 celldstatus.log 
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-rw-r----- 1 root root  3555 Jan 21 21:07 checkconfigs.log 
-rw-r----- 1 root root  1612 Dec 31 12:37 checkdeveachboot.log 
-rw-r----- 1 root root   257 Dec 17 11:41 createcell.log 
-rw-r----- 1 root root  1233 Dec 31 12:37 ipmisettings.log 
-rw-r----- 1 root root  3788 Dec 31 12:37 misceachboot.log 
-rw-r----- 1 root root 13300 Dec 17 11:26 misczeroboot.log 
-rw-r----- 1 root root   228 Dec 31 12:37 oswatcher.log 
-rw-r----- 1 root root 34453 Dec 17 11:26 postinstall.log 
-rw-r----- 1 root root  4132 Dec 31 12:38 saveconfig.log 
-rw-r----- 1 root root    65 Jan 21 12:49 sosreport.log 
-rw-r----- 1 root root    75 Dec 17 11:26 syscheck.log 
-rw-r----- 1 root root 70873 Dec 17 11:44 upgradecbusb.log 

Asdiscussedinthe“ActiveandInactiveSystemVolumes”sectionofthischapter,Exadatastorage
cellsmaintaintwosetsofsystemvolumes,whichcontaintheLinuxoperatingsystemandstoragecell
software.BymaintainingseparateActiveandInactivesystemimages,Exadataensuresthatfailedout-of-
partitionupgradesdonotcauseanoutagetothedatabases.Ifthevalidationtestsdetectaproblemafter
anout-of-partitionupgrade,Exadatawillautomaticallyfailbacktothelastgoodconfigurationby
switchingtheActiveandInactivesystemvolumes.Forin-partitionpatches,Exadatawillreapplyallthe
settingsandfileschangedbythepatchfromonlinebackups.Followingthefirstboot-upafterinstallinga
patchorupgradethevalidationresultscanbefoundinthelogfile,
/var/log/cellos/vldrun.first_boot.log.Validationtestswillbeloggedtothe
/var/log/cellos/validations.logfileforallsubsequentreboots.Thepatchrollbackprocedurecanbe
performedmanually,butthereisnomentionofitinthedocumentation,soitisprobablynotsomething
OracleexpectsadministratorstorunwithoutthehelpofOracleSupport.

Cell Disk Failure 

ASMhandlesthetemporaryorpermanentlossofacelldiskthroughitsredundantfailuregroup
technology.Sothelossofacelldiskshouldnotcauseanyinterruptiontothedatabasesaslongasthe
diskgroupisdefinedwithNormalredundancy.IfHighredundancyisused,thediskgroupcansufferthe
simultaneouslossoftwocelldiskswithinthesamefailuregroup.RecallthatonExadata,eachstorage
cellconstitutesaseparatefailuregroup.ThismeansthatwithNormalredundancy,youcanlosean
entirestoragecell(12celldisks)withoutimpacttoyourdatabases.WithHighredundancyyoucanlose
twostoragecellssimultaneouslyandyourdatabaseswillcontinuetoserviceyourclientswithout
interruption.That’sprettyimpressive.Redundancyisn’tcheap,though.Forexample,consideradisk
groupwith30terabytesofusablespace(configuredforExternalredundancy).WithNormalredundancy,
that30terabytesbecomes15terabytesofusablespace.WithHighredundancy,itbecomes10terabytes
ofusablestorage.Alsokeepinmindthatthedatabasewillalwaysreadtheprimarycopyofyourdata
unlessitisunavailable.NormalandHighredundancyprovidenoperformancebenefits.Theyareused
strictlyforfaulttolerance.Thekeyistochoosearedundancylevelthatstrikesabalancebetween
resiliencyandbudget.

SimulatedDiskFailure

Inthissectionwe’regoingtotestwhathappenswhenacelldiskfails.Thesystemusedforthesetests
wasaquarterrack,ExadataV2.We’vecreatedadiskgroupcalledSCRATCH_DG,definedasfollows:
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SYS:+ASM2> CREATE DISKGROUP SCRATCH_DG NORMAL REDUNDANCY 
  FAILGROUP CELL01 DISK 'o/192.168.12.3/SCRATCH_DG_CD_05_cell01' 
  FAILGROUP CELL02 DISK 'o/192.168.12.4/SCRATCH_DG_CD_05_cell02' 
  FAILGROUP CELL03 DISK 'o/192.168.12.5/SCRATCH_DG_CD_05_cell03' 
  attribute 'compatible.rdbms'='11.2.0', 
            'compatible.asm'  ='11.2.0', 
            'au_size'='4M', 
            'cell.smart_scan_capable'='true'; 

Noticethatthisdiskgroupiscreatedusingthreegriddisks.FollowingExadatabestpractices,we’ve
usedonegriddiskfromeachstoragecell.It’sinterestingtonotethatevenifwehadn’tspecifiedthree
failuregroupswithonediskineach,ASMwouldhavedonesoautomatically.Wethencreatedasmall,
single-instancedatabasecalledSCRATCHusingthisdiskgroup.Thediskgroupisconfiguredwithnormal
redundancy(twomirrorcopiesforeachblockofdata),whichmeansourdatabaseshouldbeableto
sufferthelossofonecelldiskwithoutlosingaccesstodataorcausingacrash.Sinceeachgriddisk
residesonaseparatestoragecell,wecouldevensufferthelossofanentirestoragecellwithoutlosing
data.We’lldiscusswhathappenswhenastoragecellfailslaterinthechapter.

Inamomentwe’lltakealookatwhathappenswhenagriddiskisremovedfromthestoragecell(a
simulateddiskfailure).Butbeforewedo,thereareafewthingsweneedtocheck:

• Verifythatnorebalanceorothervolumemanagementoperationsarerunning.

• EnsurethatallgriddisksfortheSCRATCH_DGdiskgroupareonline.

• Verifythattakingadiskofflinewillnotimpactdatabaseoperations.

• Checkthediskrepairtimertoensurethediskisnotautomaticallydroppedbefore
wecanbringitbackonlineagain.

Thereareacoupleofwaystoverifythatvolumemanagementactivityisnotgoingon.Firstlet’s
checkthecurrentstateofthediskgroupsusingasmcmd.Thels –lcommandshowsthediskgroups,the
typeofredundancy,andwhetherornotarebalanceoperationiscurrentlyunderway.Bytheway,you
couldalsogetthisinformationusingthelsdgcommand,whichalsoincludesotherinteresting
informationlikespaceutilization,online/offlinestatus,andmore.TheRebalcolumninthefollowing
listingindicatesthatnorebalanceoperationsareexecutingatthemoment.

> asmcmd -p 
ASMCMD [+] > ls -l 
State    Type    Rebal  Name 
MOUNTED  NORMAL  N      DATA_DG/ 
MOUNTED  NORMAL  N      RECO_DG/ 
MOUNTED  NORMAL  N      SCRATCH_DG/ 
MOUNTED  NORMAL  N      STAGE_DG/ 
MOUNTED  NORMAL  N      SYSTEM_DG/ 

Noticethatnotallvolumemanagementoperationsareshownintheasmcmdcommands.Ifagrid
diskhasbeenofflineforaperiodoftime,theremaybeaconsiderableamountofbackloggeddatathat
mustbecopiedtoitinordertobringituptodate.Dependingonthevolumeofdata,itmaytakeseveral
minutestofinishresynchronizingadisk.Althoughthisoperationisdirectlyrelatedtomaintaining
balanceacrossalldisks,itisnottechnicallya“rebalance”operation.Assuch,itwillnotappearinthe
listing.Forexample,eventhoughthels –lcommandinthepreviouslistingshowedastatusofNfor
rebalanceoperations,youcanclearlyseethatadiskiscurrentlybeingbroughtonlinebyrunningthe
nextquery:
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SYS:+ASM2> select dg.name, oper.operation, oper.state 
       from gv$asm_operation oper, 
            gv$asm_diskgroup dg 
      where dg.group_number = oper.group_number 
        and dg.inst_id      = oper.inst_id; 
 
NAME                                               OPERATION 
-------------------------------------------------- ---------- 
SCRATCH_DG                                         ONLIN 

Checkingfortheonline/offlinestateofadiskisasimplematterofrunningthefollowingqueryfrom
SQL*Plus.InthelistingbelowyoucanseethattheSCRATCH_CD_05_CELL01diskisofflinebyits
MOUNT_STATEofMISSINGandHEADER_STATUSofUNKNOWN:

SYS:+ASM2> select d.name, d.MOUNT_STATUS, d.HEADER_STATUS, d.STATE 
 from v$asm_disk d 
 where d.name like 'SCRATCH%' 
 order by 1; 
 
NAME                                               MOUNT_S HEADER_STATU STATE 
-------------------------------------------------- ------- ------------ ---------- 
SCRATCH_CD_05_CELL01                               MISSING UNKNOWN      NORMAL 
SCRATCH_CD_05_CELL02                               CACHED  MEMBER       NORMAL 
SCRATCH_CD_05_CELL03                               CACHED  MEMBER       NORMAL 

Still,perhapsabetterwayofcheckingthestatusofalldisksintheSCRATCH_DGdiskgroupwouldbeto
checkthemode_statusinV$ASM_DISK_STAT.Thefollowinglistingshowsthatallgriddisksinthe
SCRATCH_DGdiskgroupareonline:

SYS:+ASM2> select name, mode_status from v$asm_disk_stat where name like 'SCRATCH%'; 
 
NAME                                               MODE_ST 
-------------------------------------------------- ------- 
SCRATCH_CD_05_CELL03                               ONLINE 
SCRATCH_CD_05_CELL01                               ONLINE 
SCRATCH_CD_05_CELL02                               ONLINE 

Thenextthingwe’lllookatisthediskrepairtimer.Recallthatthediskgroupattribute
disk_repair_timedeterminestheamountoftimeASMwillwaitbeforeitpermanentlyremovesadisk
fromthediskgroupandrebalancesthedatatothesurvivinggriddiskswhenread/writeerrorsoccur.
Beforetakingadiskofflineweshouldchecktoseethatthistimerisgoingtogiveusenoughtimetobring
thediskbackonlinebeforeASMautomaticallydropsit.ThisattributecanbedisplayedusingSQL*Plus
andrunningthefollowingquery.(Bytheway,theV$ASMviewsarevisiblewhetheryouareconnectedto
anASMinstanceoradatabaseinstance.)

SYS:+ASM2> select dg.name "DiskGoup", 
            attr.name, 
            attr.value 
       from v$asm_diskgroup dg, 
            v$asm_attribute attr 
      where dg.group_number = attr.group_number 
        and attr.name = 'disk_repair_time'; 
 

1
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DiskGoup          NAME                      VALUE 
----------------- ------------------------- ---------- 
DATA_DG           disk_repair_time          72h 
RECO_DG           disk_repair_time          72h 
SCRATCH_DG        disk_repair_time          8.5h 
STAGE_DG          disk_repair_time          72h 
SYSTEM_DG         disk_repair_time          72h 

Thedefaultvalueforthediskrepairtimeris3.6hours.Inproductionsystemsyouwillwanttoset
thetimerhighenoughforyoutoresolvetransientdiskerrors.Theseerrorsoccurwhenastoragecellis
rebootedorwhenadiskistemporarilytakenofflinebutonrareoccasion,theycanalsooccur
spontaneously.Sometimessimplypullingadiskoutofthechassisandreinsertingitwillclear
unexpectedtransienterrors.Anydatathatwouldnormallybewrittentothefaileddiskwillqueueup
untilthediskisbroughtbackonlineorthediskrepairtimeexpires.IfASMdropsadisk,itcanbe
manuallyaddedbackintothediskgroupbutitwillrequireafullrebalancewhichcanbealengthy
process.Thefollowingcommandwasusedtosetthediskrepairtimerto8.5hoursfortheSCRATCH_DG
diskgroup:

SYS:+ASM2> alter diskgroup SCRATCH_DG set  attribute 'disk_repair_time'='8.5h'; 

Now,let’sverifywhethertakingacelldiskofflinewillaffecttheavailabilityofthediskgroup.Wecan
dothatbycheckingtheasmdeactivationoutcomeandasmmodestatusattributesofourgriddisks.For
example,thefollowinglistingshowstheoutputfromtheLIST GRIDDISKcommandwhenagriddiskina
normalredundancydiskgroupistakenoffline.Inthisexample,wehaveaSCRATCH_DGdiskgroup
consistingofonegriddiskfromthreefailuregroups(enkcel01,enkcel02,andenkcel03).Firstwe’llcheck
thestatusofthegriddiskswhenalldisksareactive:

[enkdb02:root] /root 
> dcli -g cell_group -l root "su - celladmin -c \"cellcli -e list griddisk \ 
     attributes name, asmdeactivationoutcome, asmmodestatus \"" | grep SCRATCH 
enkcel01: SCRATCH_DG_CD_05_cell01   Yes     ONLINE 
enkcel02: SCRATCH_DG_CD_05_cell02   Yes     ONLINE 
enkcel03: SCRATCH_DG_CD_05_cell03   Yes     ONLINE 

Now,we’lldeactivateoneofthesethegriddisksatthestoragecellandrunthecommandagain: 

CellCLI> alter griddisk SCRATCH_DG_CD_05_cell01 inactive 
GridDisk SCRATCH_DG_CD_05_cell01 successfully altered 
 
 [enkdb02:root] /root 
> dcli -g cell_group -l root "su - celladmin -c \"cellcli -e list griddisk \ 
     attributes name, asmdeactivationoutcome, asmmodestatus \"" | grep SCRATCH 
enkcel01: SCRATCH_DG_CD_05_cell01   Yes     OFFLINE 
enkcel02: SCRATCH_DG_CD_05_cell02   "Cannot de-activate due to other offline disks in the 
diskgroup"        ONLINE 
enkcel03: SCRATCH_DG_CD_05_cell03   "Cannot de-activate due to other offline disks in the 
diskgroup"        ONLINE 

Asyoucansee,theasmmodestatusattributeoftheofflinedgriddiskisnowsettoOFFLINE,andthe
asmdeactivationoutcomeattributeoftheothertwodisksinthediskgroupwarnsusthatthesegriddisks
cannotbetakenoffline.DoingsowouldcauseASMtodismounttheSCRATCH_DGdiskgroupdiskgroup.
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■Note:NoticethatweusethedclicommandtoruntheCellCLIcommandLIST GRIDDISK ATTRIBUTESon
eachcellinthestoragegrid.Basically,dcliallowsustorunacommandconcurrentlyonmultiplenodes.The
cell_groupparameterisafilecontainingalistofallofourstoragecells.

IftheoutputfromtheLIST GRIDDISKcommandindicatesitissafetodoso,wecantestwhat
happenswhenwetakeoneofthegriddisksforourSCRATCH_DGdiskgroupoffline.Forthistestwewill
physicallyremovethediskdrivefromthestoragecellchassis.Thetestconfigurationwillbeasfollows:

• Forthistestwewillcreateanewtablespacewithonedatafile.Thedatafileissetto
autoextendsoitwillgrowintothediskgroupasdataisloaded.

• Next,we’llgenerateaconsiderableamountofdatainthetablespacebycreatinga
largetable;acoupleofbillionrowsfromDBA_SEGMENTSshoulddoit.

• Whiledataisbeingloadedintothelargetable,wewillphysicallyremovethedisk
fromthecellchassis.

• Oncethedataisfinishedloading,wewillreinstallthediskandobserveExadata’s
automateddiskrecoveryinaction.

Thefirstorderofbusinessistoidentifythelocationofthediskdrivewithinthestoragecell.Todo
thiswewillusethegriddisknametofindthecelldiskitresideson,thenwe’llusethecelldisknameto
findtheslotaddressofthediskdrivewithinthestoragecell.Oncewehavetheslotaddresswewillturn
ontheserviceLEDonthefrontpanelsoweknowwhichdisktoremove.

Fromstoragecell3,wecanusetheLIST GRIDDISKcommandtofindthenameofthecelldiskweare
lookingfor:

CellCLI> list griddisk attributes name, celldisk where name like 'SCRATCH.*' detail 
         name:                   SCRATCH_DG_CD_05_cell03 
         cellDisk:               CD_05_cell03 

Nowthatwehavethecelldiskname,wecanusetheLIST LUNcommandtofindtheslotaddressof
thephysicaldiskwewanttoremove.Inthefollowinglistingweseetheslotaddresswe’relookingfor,
16:5.

CellCLI> list LUN attributes celldisk, physicaldrives where celldisk=CD_05_cell03 detail 
         cellDisk:               CD_05_cell03 
         physicalDrives:         16:5 

Withtheslotaddress,wecanusetheMegaCli64commandtoactivatethedrive’sserviceLEDonthe
frontpanelofthestoragecell.Notethatthe\charactersintheMegaCli64commandbelowareusedto
preventtheBashshellfrominterpretingthebrackets([])aroundthephysicaldriveaddress.(Single
quotesworkaswell,bytheway.)

/opt/MegaRAID/MegaCli/MegaCli64 -pdlocate -physdrv \[16:5\] -a0 

TheamberLEDonthefrontofthediskdriveshouldbeflashingascanbeseeninFigure9-2.
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Amber LED indicator flashes to
help you locate the right disk



Figure 9-2. Disk drive front panel 

Andincaseyouwerewondering,theserviceLEDcanbeturnedoffagainusingthestopoptionof
theMegaCli64command,likethis:

/opt/MegaRAID/MegaCli/MegaCli64 -pdlocate –stop -physdrv \[16:5\] -a0 

Nowthatwe’velocatedtherightdisk,wecanremoveitfromthestoragecellbypressingtherelease
buttonandgentlypullingtheleveronthefrontofthedisk,asyoucanseeinFigure9-3.



Figure 9-3. Ejected disk drive 

■Note:Alldiskdrivesinthestoragecellarehot-pluggableandmaybereplacedwithoutpoweringdownthe
storagecell.

CheckingthegriddiskstatusinCellCLI,weseethatithasbeenchangedfromActivetoInactive.
ThismakesthegriddiskunavailabletotheASMstoragecluster.
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CellCLI> list griddisk where name = 'SCRATCH_CD_05_cell03'; 
         SCRATCH_CD_05_cell03    inactive 

ASMimmediatelynoticesthelossofthedisk,takesitoffline,andstartsthediskrepairtimer.The
ASMalertlog(alert_+ASM2.log)showsthatwehaveabout8.5hours(30596/60/60)tobringthediskback
onlinebeforeASMpermanentlydropsitfromthediskgroup:

alert_+ASM1.log 
-------------------- 
Tue Dec 28 08:40:54 2010 
GMON checking disk modes for group 5 at 121 for pid 52, osid 29292 
Errors in file /u01/app/oracle/diag/asm/+asm/+ASM2/trace/+ASM2_gmon_5912.trc: 
ORA-27603: Cell storage I/O error, I/O failed on disk o/192.168.12.5/SCRATCH_CD_05_cell03 at 
offset 4198400 for data length 4096 
ORA-27626: Exadata error: 201 (Generic I/O error) 
WARNING: Write Failed. group:5 disk:3 AU:1 offset:4096 size:4096 
... 
WARNING: Disk SCRATCH_DG_CD_05_CELL03 in mode 0x7f is now being offlined 
WARNING: Disk SCRATCH_DG_CD_05_CELL03 in mode 0x7f is now being taken offline 
... 
Tue Dec 28 08:43:21 2010 
WARNING: Disk (SCRATCH_DG_CD_05_CELL03) will be dropped in: (30596) secs on ASM inst: (2) 
Tue Dec 28 08:43:23 2010 

ThestatusofthediskinASMcanbeseenusingthefollowingqueryfromoneoftheASMinstances.
NoticethattheSCRATCHdiskgroupisstillmounted(online):

SYS:+ASM2> select dg.name, d.name, dg.state, d.mount_status, d.header_status, d.state 
             from v$asm_disk d, 
                  v$asm_diskgroup dg 
            where dg.name = 'SCRATCH_DG' 
              and dg.group_number = d.group_number 
            order by 1,2; 
 
NAME          NAME                         STATE      MOUNT_S HEADER_STATU STATE 
------------- ---------------------------- ---------- ------- ------------ ---------- 
SCRATCH       SCRATCH_DG_CD_05_CELL01      MOUNTED    CACHED  MEMBER       NORMAL 
SCRATCH       SCRATCH_DG_CD_05_CELL02      MOUNTED    CACHED  MEMBER       NORMAL 
SCRATCH       SCRATCH_DG_CD_05_CELL03      MOUNTED    MISSING UNKNOWN      NORMAL 

Whilethediskisoffline,ASMcontinuestopollitsstatustoseeifthediskisavailable.Weseethe
followingqueryrepeatingintheASMalertlog:

alert_+ASM1.log 
-------------------- 
WARNING: Exadata Auto Management: OS PID: 5918 Operation ID: 3015:   in diskgroup  Failed 
  SQL    : /* Exadata Auto Mgmt: Select disks in DG that are not ONLINE. */ 
select name from v$asm_disk_stat 
  where 
    mode_status='OFFLINE' 
      and 
    group_number in 
      ( 
       select group_number from v$asm_diskgroup_stat 
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         where 
           name='SCRATCH_DG' 
             and 
           state='MOUNTED' 
      ) 

Ourtestdatabasealsodetectedthelossofthegriddisk,ascanbeseeninthedatabasealertlog:

alert_SCRATCH.log 
----------------------- 
Tue Dec 28 08:40:54 2010 
Errors in file /u01/app/oracle/diag/rdbms/scratch/SCRATCH/trace/SCRATCH_ckpt_22529.trc: 
ORA-27603: Cell storage I/O error, I/O failed on disk o/192.168.12.5/SCRATCH_CD_05_cell03 at 
offset 26361217024 for data length 16384 
ORA-27626: Exadata error: 201 (Generic I/O error) 
WARNING: Read Failed. group:5 disk:3 AU:6285 offset:16384 size:16384 
WARNING: failed to read mirror side 1 of virtual extent 0 logical extent 0 of file 260 in 
group [5.1611847437] from disk SCRATCH_CD_05_CELL03  allocation unit 6285 reason error; if 
possible,will try another mirror side 
NOTE: successfully read mirror side 2 of virtual extent 0 logical extent 1 of file 260 in 
group [5.1611847437] from disk SCRATCH_CD_05_CELL02 allocation unit 224 
... 
Tue Dec 28 08:40:54 2010 
NOTE: disk 3 (SCRATCH_CD_05_CELL03) in group 5 (SCRATCH) is offline for reads 
NOTE: disk 3 (SCRATCH_CD_05_CELL03) in group 5 (SCRATCH) is offline for writes 

Noticethatthedatabaseautomaticallyswitchestothemirrorcopyfordataitcannolongerread
fromthefailedgriddisk.ThisisASMnormalredundancyinaction.

Whenwereinsertthediskdrive,thestoragecellreturnsthegriddisktoastateofActive,andASM
bringsthediskbackonlineagain.WecanseethatthegriddiskhasreturnedtoastateofCACHEDanda
HEADER_STATUSofNORMALinthefollowingquery:

SYS:+ASM2> select dg.name, d.name, dg.state, d.mount_status, d.header_status, d.state 
             from v$asm_disk d, 
                  v$asm_diskgroup dg 
            where dg.name = 'SCRATCH' 
              and dg.group_number = d.group_number 
            order by 1,2; 
 
NAME          NAME                      STATE      MOUNT_S HEADER_STATU STATE 
------------- ------------------------- ---------- ------- ------------ ---------- 
SCRATCH       SCRATCH_CD_05_CELL01      MOUNTED    CACHED  MEMBER       NORMAL 
SCRATCH       SCRATCH_CD_05_CELL02      MOUNTED    CACHED  MEMBER       NORMAL 
SCRATCH       SCRATCH_CD_05_CELL03      MOUNTED    CACHED  MEMBER       NORMAL   

Itislikelythatthediskgroupwillneedtocatchuponwritingdatathatqueuedupwhilethediskwas
offline.Ifthedurationoftheoutagewasshortandthewriteactivitywaslight,thentherebalancewon’t
takelong.Itmayevengounnoticed.Butifthediskhasbeenofflineforseveralhoursordays,orifthere
wasalotofwriteactivityinthediskgroupduringtheoutage,thiscouldtakeawhile.Generallyspeaking,
thedelayisnotaproblem,becauseitallhappensinthebackground.Duringtheresilveringprocess,
ASMredundancyallowsourdatabasestocontinuewithnointerruptiontoservice.

Ifthishadbeenanactualdiskfailureandweactuallyreplacedthediskdrive,wewouldneedtowait
fortheRAIDcontrollertoacknowledgethenewdiskbeforeitcouldbeused.Thisdoesn’ttakelongbut
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youshouldcheckthestatusofthedisktoensurethatitsstatusisNormalbeforeusingit.Thediskstatus
maybeverifiedusingtheCellCLIcommandLIST PHYSICALDISKasshownhere:

CellCLI> list physicaldisk where diskType=HardDisk AND status=critical detail 

Whenadiskisreplaced,thestoragecellperformsthefollowingtasksautomatically:

• Thediskfirmwareisupdatedtomatchtheotherdiskdrivesinthestoragecell.

• Thecelldiskisre-createdtomatchthatofthediskitreplaced.

• Thereplacementcelldiskisbroughtonline(statussettoNormal).

• Thegriddisk(orgriddisks)thatwereonthefaileddiskarere-created.

• ThegriddiskstatusissettoActive.

OncethereplacementgriddisksaresettoActive,ASMautomaticallyopensthediskandbeginsthe
resilveringprocess.AllthesetasksarehandledautomaticallybyExadata,makingdiskreplacementa
fairlypainlessprocess.

WhentoReplaceaCellDisk

Diskfailurecanoccurabruptly,causingthedisktogoofflineimmediately,oritcanoccurgradually,
manifestingpoorI/Operformance.Storagecellsareconstantlymonitoringthediskdrives.This
monitoringincludesdriveperformance,intermsofbothI/Oandthroughput,andSMARTmetricssuch
astemperature,speed,andread/writeerrors.Thegoalistoprovideearlywarningfordisksthatarelikely
tofailbeforetheyactuallydo.WhenExadatadetectsaproblem,analertisgeneratedwithspecific
instructionsonhowtoreplacethedisk.Ifthesystemhasbeenconfiguredforemailnotificationthese
alertswillbeemailedtoyouautomatically.

Intheprevioussectionwewalkedthroughasimulateddrivefailure.Hadthisbeenanactualdisk
failure,theprocedureforreplacingthediskwouldfollowthesamestepsweusedforthesimulation.But
whathappenswhenExadata’searlywarningsystemdeterminesthatadriveislikelytofailsoon?When
Exadatadetectsdriveproblemsitsetsthephysicaldiskstatusattributeaccordingly.Thefollowing
CellCLIcommanddisplaysthestatusofalldisksinthestoragecell.

CellCLI> list physicaldisk attributes name, status where disktype = 'HardDisk' 
         35:0    normal 
         35:1    normal 
         ... 
         35:11   normal 

Table9-3showsthevariousdiskstatusvaluesandwhattheymean.
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Table 9-3. Disk Status Definitions 

Status Description 

Normal Thedriveishealthy.

PredictiveFailure Thediskisstillworkingbutlikelytofailsoonandshouldbereplacedassoonas
possible.

PoorPerformance Thediskisexhibitingextremelypoorperformanceandshouldbereplaced.

PredictiveFailure

IfadiskstatusshowsPredictiveFailure,ASMwillautomaticallydropthegriddisksfromthedriveand
rebalancedatatootherdisksinthediskgroupaccordingtotheredundancypolicyoftheaffecteddisk
groupsthatusethedrive.OnceASMhasfinishedrebalancingandcompletedthedropoperation,you
canreplacethediskdrive.ThefollowinglistingcanbeusedtotrackthestatusoftheASMdisk.Astatus
ofOfflineindicatesthatASMhasnotyetfinishedrebalancingthediskgroup.Oncetherebalanceis
complete,thediskwillnolongerappearinthelisting.Bytheway,tailingtheASMalertlogisalsoan
excellentwayofcheckingtheprogressofthedrop.

SYS:+ASM2>select name, mode_status 
            from v$asm_disk_stat 
           where name like 'SCRATCH%' 
           order by 1; 
 
NAME                                               MODE_ST 
-------------------------------------------------- ------- 
SCRATCH_CD_05_CELL01                               ONLINE 
SCRATCH_CD_05_CELL02                               ONLINE 
SCRATCH_CD_05_CELL03                               OFFLINE 

■Caution:ThefirsttwophysicaldisksinthestoragecellalsocontaintheLinuxoperatingsystem.TheO/S
partitionsonthesetwodisksareconfiguredasmirrorsofoneanother.Ifoneofthesedisksfails,thedatamustbe
insyncwiththemirrordiskbeforeyouremoveit.UsetheCellCLIcommandalter cell validate 
configurationtoverifythatnomadmerrorsexistbeforereplacingthedisk.

TheCellCLIcommandVALIDATE CONFIGURATIONperformsthisverificationforyou:

CellCLI> ALTER CELL VALIDATE CONFIGURATION 
Cell enkcel01 successfully altered 
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PoorPerformance

Ifadiskexhibitspoorperformance,itshouldbereplaced.Asinglepoorlyperformingcelldiskcan
impacttheperformanceofotherhealthydisks.Whenadiskbeginsperformingextremelybadly,its
statuswillbesettoPoorPerformance.AsisthecasewithPredictiveFailurestatus,ASMwill
automaticallydropallgriddisks(onthiscelldisk)fromthediskgroupsandbeginarebalanceoperation.
Oncetherebalanceiscompleteyoucanremoveandreplacethefailingdiskdrive.Youcanusethe
CellCLIcommandCALIBRATEtomanuallychecktheperformanceofalldisksinthestoragecell.The
followinglistingshowstheoutputoftheCALIBRATEcommand.Ordinarily,cellsrvshouldbeshutdown
beforerunningCALIBRATE,becauseitcansignificantlyimpactI/Operformancefordatabasesusingthe
storagecell.Ifyoucannotshutdowncellsrvforthetest,youcanrunCALIBRATEusingtheFORCEoption.
Asdauntingasthatsounds,FORCEsimplyoverridesthesafetyswitchandallowsyoutorunCALIBRATE
whilecellsrvisupandapplicationsareusingthecelldisks.Thefollowinglistingshowstheoutputfrom
theCALIBRATEcommandrunonahealthysetofcelldisks:

CellCLI> calibrate 
Calibration will take a few minutes... 
Aggregate random read throughput across all hard disk luns: 1025 MBPS 
Aggregate random read throughput across all flash disk luns: 3899.18 MBPS 
Aggregate random read IOs per second (IOPS) across all hard disk luns: 1707 
Aggregate random read IOs per second (IOPS) across all flash disk luns: 145158 
Controller read throughput: 1245.08 MBPS 
Calibrating hard disks (read only) ... 
Lun 0_0  on drive [35:0     ] random read throughput:  83.80 MBPS, and 144 IOPS 
Lun 0_1  on drive [35:1     ] random read throughput:  87.85 MBPS, and 145 IOPS 
Lun 0_10 on drive [35:10    ] random read throughput:  91.23 MBPS, and 145 IOPS 
Lun 0_11 on drive [35:11    ] random read throughput:  91.32 MBPS, and 150 IOPS 
Lun 0_2  on drive [35:2     ] random read throughput:  92.07 MBPS, and 147 IOPS 
Lun 0_3  on drive [35:3     ] random read throughput:  91.59 MBPS, and 150 IOPS 
Lun 0_4  on drive [35:4     ] random read throughput:  93.71 MBPS, and 149 IOPS 
Lun 0_5  on drive [35:5     ] random read throughput:  89.86 MBPS, and 147 IOPS 
Lun 0_6  on drive [35:6     ] random read throughput:  91.65 MBPS, and 148 IOPS 
Lun 0_7  on drive [35:7     ] random read throughput:  88.06 MBPS, and 145 IOPS 
Lun 0_8  on drive [35:8     ] random read throughput:  91.00 MBPS, and 149 IOPS 
Lun 0_9  on drive [35:9     ] random read throughput:  90.81 MBPS, and 149 IOPS 
Calibrating flash disks (read only, note that writes will be significantly slower) ... 
Lun 1_0  on drive [[2:0:0:0]] random read throughput: 242.51 MBPS, and 19035 IOPS 
Lun 1_1  on drive [[2:0:1:0]] random read throughput: 240.89 MBPS, and 19018 IOPS 
Lun 1_2  on drive [[2:0:2:0]] random read throughput: 240.90 MBPS, and 19111 IOPS 
Lun 1_3  on drive [[2:0:3:0]] random read throughput: 241.62 MBPS, and 18923 IOPS 
Lun 2_0  on drive [[4:0:0:0]] random read throughput: 242.08 MBPS, and 19066 IOPS 
Lun 2_1  on drive [[4:0:1:0]] random read throughput: 251.11 MBPS, and 19263 IOPS 
Lun 2_2  on drive [[4:0:2:0]] random read throughput: 245.65 MBPS, and 19119 IOPS 
Lun 2_3  on drive [[4:0:3:0]] random read throughput: 247.83 MBPS, and 19139 IOPS 
Lun 4_0  on drive [[1:0:0:0]] random read throughput: 250.36 MBPS, and 19036 IOPS 
Lun 4_1  on drive [[1:0:1:0]] random read throughput: 249.82 MBPS, and 19006 IOPS 
Lun 4_2  on drive [[1:0:2:0]] random read throughput: 252.82 MBPS, and 19140 IOPS 
Lun 4_3  on drive [[1:0:3:0]] random read throughput: 250.80 MBPS, and 18979 IOPS 
Lun 5_0  on drive [[3:0:0:0]] random read throughput: 253.21 MBPS, and 19167 IOPS 
Lun 5_1  on drive [[3:0:1:0]] random read throughput: 252.01 MBPS, and 19152 IOPS 
Lun 5_2  on drive [[3:0:2:0]] random read throughput: 251.86 MBPS, and 19160 IOPS 
Lun 5_3  on drive [[3:0:3:0]] random read throughput: 244.24 MBPS, and 18925 IOPS 
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CALIBRATE results are within an acceptable range. 
 
CALIBRATE stress test is now running... 
Calibration has finished. 

Cell Flash Cache Failure 

ExadatastoragecellscomeequippedwithfourF20PCIeflashcachecards.Eachcardhasfourflash
cachedisks(FDOMs)foratotalof16flashdisks.Theseflashcachecardsoccupyslots1,2,3,and5inside
thestoragecell.Ifaflashcachemodulefails,performanceofthestoragecellwillbedegradedandit
shouldbereplacedatyourearliestopportunity.Ifyouareusingsomeofyourflashcacheforflashdisk-
basedgriddisks,yourdiskgroupredundancywillbeaffectedaswell.Theseflashcachecardsarenot
hot-pluggable,soreplacingthemwillrequireyoutopowerofftheaffectedcell.

Ifaflashdiskfails,Exadatawillsendyouanemailnotifyingyouofthefailure.Theemailwillinclude
theslotaddressofthecard,andifaspecificFDOMhasfaileditwillincludetheaddressoftheFDOMon
thecard(1,2,3or4).ThefailedflashcachecardcanbeseenusingtheCellCLIcommandLIST 
PHYSICALDISKasfollows:

CellCLI> list physicaldisk where disktype=flashdisk and status=normal 
 
         name:                   [4:0:3:0] 
         diskType:               FlashDisk 
         luns:                   2_3 
         makeModel:              "MARVELL SD88SA02" 
         physicalFirmware:       D20Y 
         physicalInsertTime:     2010-07-28T20:09:43-05:00 
         physicalInterface:      sas 
         physicalSerial:         5080020000c7d60FMOD3 
         physicalSize:           22.8880615234375G 
         slotNumber:             "PCI Slot: 2; FDOM: 3" 
         status:                 critical 

TheslotNumberattributehereshowsyouwherethecardandFDOMareinstalled.Inourcase,the
cardisinstalledinPCIeslot2.Onceyouhavethisinformation,youcanshutdownandpoweroffthe
storagecellandreplacethedefectivepart.Keepinmindthatwhenthecellisoffline,ASMwillnolonger
haveaccesstothegriddisks.Sobeforeyoushutdownthecell,makesurethatshuttingitdownwillnot
impacttheavailabilityofthediskgroupsitsupports.Thisisthesameprocedurewedescribedinthe
“CellDiskFailure”sectionofthischapter.Oncethepartisreplacedandthecellreboots,thestoragecell
willautomaticallyconfigurethecelldiskonthereplacementcardand,ifitwasusedforflashcache,you
willseeyourflashcachereturntoitsformersize.

Cell Failure 

Therearetwomaintypesofcellfailure,temporaryandpermanent.Temporarycellfailurescanbeas
harmlessasacellrebootorapowerfailure.Extendedcellfailurescanalsobetemporaryinnature.For
example,ifapatchinstallationfailsoracomponentmustbereplaced,itcouldtakethecellofflinefor
hoursorevendays.Permanentcellfailuresaremoresevereinnatureandrequiretheentirecellchassis
tobereplaced.Ineithercase,ifyoursystemisconfiguredproperly,therewillbenointerruptiontoASM
oryourdatabases.Inthissectionwe’lltakealookatwhathappenswhenacellistemporarilyoffline,and
whattodoifyoueverhavetoreplaceone.
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TemporaryCellFailure

AsdiscussedinChapter14,ExadatastoragecellsareSunserverswithinternaldiskdrivesrunningOracle
EnterpriseLinux5.Ifastoragecellgoesoffline,allthedisksonthatcellbecomeunavailabletothe
databaseservers.Thismeansthatalldiskgroupscontainingdatabasedata(aswellasOCRandVoting
files)onthatstoragecellareofflineforthedurationoftheoutage.ASMfailuregroupsprovide
redundancythatallowsyourclusteranddatabasestocontinuetorunduringtheoutage,albeitwith
reducedI/Operformance.Whengriddisksarecreatedinastoragecelltheyareassignedtoafailure
group.Eachcellconstitutesafailuregroup,ascanbeseeninthefollowinglisting:

SYS:+ASM2> select dg.name diskgroup, d.name disk, d.failgroup 
            from v$asm_diskgroup dg, 
                 v$asm_disk d 
           where dg.group_number = d.group_number 
             and dg.name like 'SCRATCH%' 
           order by 1,2,3; 
 
DISKGROUP                      DISK                           FAILGROUP 
------------------------------ ------------------------------ ------------------------------ 
SCRATCH_DG                     SCRATCH_DG_CD_05_CELL01        CELL01 
SCRATCH_DG                     SCRATCH_DG_CD_05_CELL02        CELL02 
SCRATCH_DG                     SCRATCH_DG_CD_05_CELL03        CELL03 

BecauseSCRATCH_DGwascreatedusingNormalredundancy,ourSCRATCHdatabaseshouldbeableto
continueevenifanentirestoragecelldies.Inthissectionwe’llbetestingwhathappenswhenastorage
cellgoesdark.We’llusethesamediskgroupconfigurationweusedforthediskfailuresimulationearlier
inthischapter.Tosimulateacellfailure,we’lllogintotheILOMonstoragecell3andpoweritoff.
BecauseeachstoragecellconstitutesanASMfailuregroup,thisscenarioisverysimilartolosingasingle
celldisk,I/Operformancenotwithstanding.Thedifference,ofcourse,isthatwearelosinganentire
failuregroup.Justaswedidinourcelldiskfailuretests,we’llgeneratedataintheSCRATCHdatabase
duringthefailuretoverifythatthedatabasecontinuestoserviceclientrequestsduringthecelloutage.

TogenerateI/Oforthetestswe’llberepeatedlyinserting23205888rowsfromtheBIGTABtableinto
thebigtab2table:

RJOHNSON:SCRATCH> insert /*+ append */ into bigtab2 nologging (select * from bigtab); 
RJOHNSON:SCRATCH> commit; 

Whiletheaboveinsertsarerunning,let’spoweroffcell03andtakealookatthedatabasealertlog.
Asyoucansee,thedatabasethrowsanerrorwhenreadingfromadiskonCell03,“failedtoreadmirror
side1.”Acoupleoflinesfurtherdowninthelogyouseethedatabasesuccessfullyreadingthemirror
copyoftheextent,“successfullyreadmirrorside2.”

alert_SCRATCH.log 
----------------------- 
Fri Jan 14 21:09:45 2011 
Errors in file /u01/app/oracle/diag/rdbms/scratch/SCRATCH/trace/SCRATCH_mmon_31673.trc: 
ORA-27603: Cell storage I/O error, I/O failed on disk o/192.168.12.5/SCRATCH_CD_05_cell03 at 
offset 2483044352 for data length 16384 
ORA-27626: Exadata error: 12 (Network error) 
... 
WARNING: Read Failed. group:3 disk:2 AU:592 offset:16384 size:16384 
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WARNING: failed to read mirror side 1 of virtual extent 2 logical extent 0 of file 260 in 
group [3.689477631] from disk SCRATCH_CD_05_CELL03  allocation unit 592 reason error; if 
possible,will try another mirror side 
NOTE: successfully read mirror side 2 of virtual extent 2 logical extent 1 of file 260 in 
group [3.689477631] from disk SCRATCH_CD_05_CELL01 allocation unit 589 

TurningtotheASMalertlogweseethatASMalsonoticedtheissuewithCell03andrespondsby
takinggriddiskSCRATCH_CD_05_CELL03offline.NoticefurtheronthatASMisintheprocessoftaking
othergriddisksofflineaswell.ThiscontinuesuntilallgriddisksonCell03areoffline:

alert_+ASM2.log 
----------------------- 
--- Test Cell03 Failure -- 
Fri Jan 14 21:09:45 2011 
NOTE: process 23445 initiating offline of disk 2.3915933784 (SCRATCH_CD_05_CELL03) with mask 
0x7e in group 3 
... 
WARNING: Disk SCRATCH_CD_05_CELL03 in mode 0x7f is now being offlined 
Fri Jan 14 21:09:47 2011 
NOTE: process 19753 initiating offline of disk 10.3915933630 (RECO_CD_10_CELL03) with mask 
0x7e in group 2 

CheckingtheV$SESSIONandV$SQLviewswecanseethattheinsertisstillrunning.

  SID PROG       SQL_ID         SQL_TEXT 
----- ---------- -------------  ----------------------------------------- 
    3 sqlplus@en 9ncczt9qcg0m8  insert /*+ append */ into bigtab2 nologgi 

Soourdatabasescontinuetoserviceclientrequestsevenwhen1/3ofallstorageislost.That’spretty
amazing.Let’spowerupCell03againandobservewhathappenswhenthisstorageisavailableagain.

LookingatCell03’salertlogweseecellsrvbringourgriddisksbackonlineagain.Thelastthingwe
seeinCell03’salertlogisitrejoiningthestoragegridbyestablishingaheartbeatwiththediskmon(disk
monitor)processonthedatabaseservers:

Cell03 Alert log 
----------------- 
Storage Index Allocation for GridDisk SCRATCH_DG_CD_05_cell03 successful [code: 1] 
CellDisk v0.5 name=CD_05_cell03 status=NORMAL guid=edc5f61e-6a60-48c9-a4a6-58c403a86a7c found 
on dev=/dev/sdf 
Griddisk SCRATCH_DG_CD_05_cell03  - number is (96) 
Storage Index Allocation for GridDisk RECO_CD_06_cell03 successful [code: 1] 
Storage Index Allocation for GridDisk SYSTEM_CD_06_cell03 successful [code: 1] 
Storage Index Allocation for GridDisk STAGE_CD_06_cell03 successful [code: 1] 
Storage Index Allocation for GridDisk DATA_CD_06_cell03 successful [code: 1] 
CellDisk v0.5 name=CD_06_cell03 status=NORMAL guid=00000128-e01b-6d36-0000-000000000000 found 
on dev=/dev/sdg 
Griddisk RECO_CD_06_cell03  - number is (100) 
Griddisk SYSTEM_CD_06_cell03  - number is (104) 
Griddisk STAGE_CD_06_cell03  - number is (108) 
Griddisk DATA_CD_06_cell03  - number is (112) 
... 
Fri Jan 14 22:51:30 2011 
Heartbeat with diskmon started on enkdb02.enkitec.com 
Heartbeat with diskmon started on enkdb01.enkitec.com 
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Fri Jan 14 22:51:40 2011 
... 

PermanentCellFailure

Sofarwe’vediscussedwhathappenswhenacelldiskislostandwhathappenswhenastoragecellis
temporarilyoffline.Butwhatdoyoudowhenastoragecellcompletelyfailsandthereisnobringingit
backagain?Exadataprovidesamechanismforremovingyourgooddiskdrivesfromafailedstoragecell
andmovingthemtoareplacementcell.

Believeitornot,replacingastoragecellisnotaterriblycomplicatedprocess.Justabouteverything
youneediscontainedonthosespinningdisksinsidethecellchassis.Aslongasyouroperatingsystemis
intactonthesystemvolumes,youhavejustabouteverythingyouneedtomakethemove.Keepinmind
thatthediskrepairtimermightneedtobereadjustedtoallowustimeforanextendedoutage.Itwill,
afterall,taketimetoshipanewstoragecelltoyourdatacenter.Theprocesslookssomethinglikethis.

1. Ifpossible,youshouldtakecopiesoftheconfigurationfilesfromthefailed
storagecell.Theymaycomeinhandylateron.

• /etc/hosts 

• /etc/modprobe.conf 

• /etc/sysconfig/network 

• /etc/sysconfig/network-scripts 

2. Verifythatthediskrepairtimerwillgiveyouenoughtimetocompletethe
procedure:

SYS:+ASM2> select dg.name "DiskGoup", attr.name, attr.value 
             from v$asm_diskgroup dg, v$asm_attribute attr 
            where dg.group_number = attr.group_number  
              and attr.name = 'disk_repair_time'; 
 
DiskGoup       NAME                      VALUE 
-------------- ------------------------- ---------- 
DATA_DG        disk_repair_time          8h 
RECO_DG        disk_repair_time          8h 
SCRATCH_DG     disk_repair_time          8h 
STAGE_DG       disk_repair_time          8h 
SYSTEM_DG      disk_repair_time          8h 

Ifyouneedto,youcanadjustthediskrepairtimerforyourdiskgroupsby
loggingintotheASMinstanceandusingthe ALTER DISKGROUPcommand.For
example:

[enkdb02:oracle:+ASM2] /home/oracle 
> sqlplus / as sysasm 
…  
SYS:+ASM2> alter diskgroup SCRATCH_DG set attribute 'disk_repair_time'='72h'; 

3. Deactivatethegriddisksonthefailedstoragecellandthenshutitdown.This
canbedoneusingtheCellCLIandLinuxcommandsasfollows:
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CELLCli> alter griddisk all inactive 
 
[enkcel03:root] /root 
> shutdown –h now 

4. Oncethesystemisshutdownyoucanpoweritoffusingthepowerbuttonon
thefrontpanel.

5. Openthecasesofboththefailedcellandthereplacementcell,andmovethe
followingcomponentsfromtheoldcelltothenewcell:

a. FlashCachecards

b. Diskcontrollercard

c. USBflashdrive

d. Diskdrives

■Caution:Itisimportantthatyouplacethefirsttwodisksinthesamelocationonthenewstoragecell.Theseare
thesystemvolumesthatcontaintheLinuxoperatingsystem.Ifyoudon’t,thecellmaynotboot.Alsomakesure
youinstalltheflashcachemodulesinthesamePCIslotsastheywereinthefailedcell.Ingeneralitisagood
practicetosimplyremoveeachdevice,oneatatime,andreinstallthemintothesamelocationonthenewstorage
cell.

6. Poweronthenewcell.

7. Logintothenewcellasroot,usingeithertheKVMorILOMinterface.

8. Checktheconfigurationfilesinthefollowingdirectories.Iftheyaredamaged
orotherwisecorrupted,replacethemwiththebackupcopiesyoucreatedin
step1.

9. ThenetworksettingsforyourEthernetdeviceswillremainthesamewiththe
exceptionofthehardwareaddress,orMACaddress.FindthenewMAC
addressesofthenetworkdeviceseth0,eth1,eth2,andeth3.Thiscanbedone
usingtheifconfigcommandasfollows:

[enkcel03:root] /root 
> ifconfig eth0 
 
eth0      Link encap:Ethernet  HWaddr 00:21:28:8E:AB:D8 
          inet addr:192.168.8.205  Bcast:192.168.11.255  Mask:255.255.252.0 
          inet6 addr: fe80::221:28ff:fe8e:abd8/64 Scope:Link 
          UP BROADCAST RUNNING MULTICAST  MTU:1500  Metric:1 
          RX packets:60238 errors:0 dropped:0 overruns:0 frame:0 
          TX packets:22326 errors:0 dropped:0 overruns:0 carrier:0 
          collisions:0 txqueuelen:1000 
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          RX bytes:5803074 (5.5 MiB)  TX bytes:4380419 (4.1 MiB) 
          Memory:f8c60000-f8c80000 

10. UsingtheMACaddressesfromstep9,editthe/etc/sysconfig/network-
scripts/ifcfg-eth{0-3}filesandreplacetheoldMACaddresseswiththenew
ones.Hereisanexampleusingtheifcfg-eth0file:

[enkcel03:root] /etc/sysconfig/network-scripts 
> cat ifcfg-eth0 
#### DO NOT REMOVE THESE LINES #### 
#### %GENERATED BY CELL% #### 
DEVICE=eth0 
BOOTPROTO=static 
ONBOOT=yes 
IPADDR=192.168.8.205 
NETMASK=255.255.252.0 
NETWORK=192.168.8.0 
BROADCAST=192.168.11.255 
GATEWAY=192.168.10.1 
HOTPLUG=no 
IPV6INIT=no 
HWADDR=00:21:28:8e:ab:d8          Replace this MAC address with the new address 

11. RebootthenewstoragecelltopickupthenewMACaddresses.

12. Afterrebootingthecell,youshouldbeabletologintoitusingssh,justasyou
normallywould.LoginandreactivatethegriddisksusingtheCellCLI
command’ALTER GRIDDISKcommandasfollows:

CellCLI> alter griddisk all active 

13. Oncethegriddisksareactivated,ASMwillsetthemtoastateofonlineand
beginusingthemonceagain.Thisisonlytrueifthediskrepairtimerhasnot
expired.

14. ThelastthingyouwillneedtodoisconfiguretheILOMforASR.Configuring
theILOMisalittleofftopicandiscoveredverywellintheOracle
documentation,sowewon’tbediscussingithere.

Summary 
Exadataisahighlyredundantplatformwithalotofmovingparts.Businessesdon’ttypicallyinvestin
suchaplatformwithoutexpectationsofminimaldowntime.Assuch,Exadataiscommonlyusedfor
hostingmission-criticalbusinessapplicationswithverystringentuptimerequirements.Knowingwhat
todowhenthingsgowrongiscriticaltomeetingtheseuptimerequirements.Inthischapterwe’ve
discussedtheproperproceduresforprotectingyourapplicationsandcustomersfromcomponentand
systemfailures.Beforeyoursystemisrolledintoproduction,makeitaprioritytopracticebackingup
andrestoringsystemvolumes,removingandreplacingdiskdrives,andrebootingstoragecells,and
becomefamiliarwithwhathappenstoyourdatabases.Runthediagnostictoolswe’vediscussedinthis
chapterandmakesureyouunderstandhowtointerprettheoutput.Ifyouaregoingtoberesponsible
formaintainingExadataforyourcompany,nowisthetimetogetcomfortablewiththetopicsdiscussed
inthischapter.
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Exadata Wait Events 

TheOracledatabaseisaverywellinstrumentedpieceofcode,andithasbeensoforquiteawhile.It
keepstrackoftheamountoftimespentindiscreteoperationsviatheuseofwaitevents.Whilethe
databasesoftwareisquitecomplex,waiteventanalysisallowsperformanceanalyststodetermine
preciselywherethedatabaseisspendingitstime.Manydifficultperformanceproblemscanberesolved
byanalyzingthesewaitevents.TheintroductionofExadatahasresultedinthecreationofseveralnew
waiteventstosupporttheuniqueoperationsthatareperformedontheplatform.Thischapterwillfocus
ondescribingtheseneweventsandhowtheyrelatetotheactivitiesactuallybeingperformed,while
contrastingthemwiththewaiteventsusedbythedatabaseonnon-Exadataplatforms.Itwillalso
describeafewwaiteventsthataren’tspecifictoExadatabutplayanimportantroleonExadata
platforms.

Await eventisactuallyasectionofcodethatistimedandassignedaname.Thepiecesofcode
coveredbytheseeventsarequiteoftendiscreteoperatingsystemcallssuchasI/Orequests,butsome
waiteventscoverconsiderablylargerportionsofcode.Theeventsmayevenincludesectionsofcode
thatcontainotherwaitevents.Thenamingofwaiteventshasbeensomewhatinconsistentoverthe
years,andmanyeventshavesomewhatmisleadingnames.Eventhoughsomeoftheeventnamesare
acknowledgedtobepotentiallymisleading,Oraclehasbeenunderstandablyreluctanttochangethem.
TheExadataplatformhasprovidedanexcusetorenamesomeoftheI/O-relatedevents,andasyou’llsee
shortly,thedeveloperstooktheopportunitytodojustthat.

Events Specific to Exadata 
ThereareactuallynoeventsthatexistexclusivelyontheExadataplatform.Waiteventsarebuiltintothe
databasecode,andsincethecomputenodesonExadatarunstandardOracleDatabasesoftware,allthe
waiteventsthatareusedwheninvokingExadata-specificfeaturesareavailableindatabasesthatare
runningonnon-Exadataplatformsaswell.ButbecausetheExadatafeaturesareonlyavailableonthe
Exadataplatform,notimeiseverallocatedtothoseeventsonotherplatforms.Bywayofproof,consider
thefollowingexample,whichcomparestheeventsfromV$EVENT_NAME(whichexposesthevalidwait
events)firstonanExadataDatabaseMachineandthenonastandard11gR2databaseonanon-Exadata
platform:

SYS@EXDB> select count(*) from v$event_name; 
 
  COUNT(*) 
---------- 
      1118 
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SYS@EXDB> select count(*) from v$event_name@LAB112; 
 
  COUNT(*) 
---------- 
      1118 
 
SYS@EXDB> select name event from v$event_name 
  2  minus 
  3* select name from v$event_name@LAB112; 
 
no rows selected 

Sotherearenodifferencesintheevents.Thisdoesmakeitalittledifficulttocomeupwithalistof
“ExadataOnly”events.

The“cell”Events
TheOracle Exadata Storage Server Software User’s Guide 11g Release 2providesatableofwaitevents.All
ofthemstartwiththeword“cell.”Themanuallistsninesuchevents.Oneofthem(cell interconnect 
retransmit during physical read)doesn’tactuallyexist.

Therearealsoanothernineeventshavingtheword“cell”intheirnamesthatarenotincludedinthe
documentation.Sowe’llusethecompletelistof“cell”eventsasastartingpoint.Youcanquery
V$EVENT_NAMEforthatlist,andyou’llgetthefollowingresults.Noticethatmostoftheeventsareinoneof
theI/Oclasses.Thereareonly17rows,becauseoneofthedocumentedeventsdoesnotexistinthe
versionofOraclethatwe’rerunning(11.2.0.2).

SYS@POC2> @valid_events 
Enter value for event_name: cell% 
 
EVENT                                         CLASS 
--------------------------------------------- ------------------------- 
cell list of blocks physical read             User I/O 
cell multiblock physical read                 User I/O 
cell single block physical read               User I/O 
cell smart file creation                      User I/O 
cell smart index scan                         User I/O 
cell smart table scan                         User I/O 
cell statistics gather                        User I/O 
cell manager closing cell                     System I/O 
cell manager discovering disks                System I/O 
cell manager opening cell                     System I/O 
cell smart incremental backup                 System I/O 
cell smart restore from backup                System I/O 
cell manager cancel work request              Other 
cell smart flash unkeep                       Other 
cell worker online completion                 Other 
cell worker retry                             Other 
cell worker idle                              Idle 
 
17 rows selected. 
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Thefollowingsectionswillcoveralloftheseevents,alongwithacoupleofadditionaleventsthat
havespecialapplicabilitytoExadata.

PlanStepsThatTriggerEvents
First,though,itmightbeinterestingtoseewhatoperations(plansteps)causethe“cell”waiteventsto
occur.HereisaqueryagainstDBA_HIST_ACTIVE_SESS_HISTORYonanactiveproductionsystemrunning
onanExadataV2thatshowscelleventsandtheoperationsthatcausedthem:

SYS@EXDB1> select event, operation,  count(*) from ( 
  2  select sql_id, event, sql_plan_operation||' '||sql_plan_options operation 
  3    from DBA_HIST_ACTIVE_SESS_HISTORY 
  4    where event like 'cell %') 
  5    group by operation, event 
  6    order by 1,2,3 
  7  / 
 
EVENT                              OPERATION                                  COUNT(*) 
---------------------------------- ---------------------------------------- ---------- 
cell list of blocks physical read                                                   62 
                                   DDL STATEMENT                                     2 
                                   INDEX FAST FULL SCAN                              1 
                                   INDEX RANGE SCAN                               3060 
                                   INDEX STORAGE FAST FULL SCAN                      7 
                                   INDEX STORAGE SAMPLE FAST FULL SCAN              10 
                                   INDEX UNIQUE SCAN                              1580 
                                   INSERT STATEMENT                                  6 
                                   TABLE ACCESS BY GLOBAL INDEX ROWID              151 
                                   TABLE ACCESS BY INDEX ROWID                    5458 
                                   TABLE ACCESS BY LOCAL INDEX ROWID               131 
                                   TABLE ACCESS STORAGE FULL                       183 
                                   TABLE ACCESS STORAGE SAMPLE                       2 
                                   TABLE ACCESS STORAGE SAMPLE BY ROWID RAN          1 
cell multiblock physical read                                                      3220 
                                   DDL STATEMENT                                   157 
                                   INDEX FAST FULL SCAN                             94 
                                   INDEX RANGE SCAN                                  2 
                                   INDEX STORAGE FAST FULL SCAN                   6334 
                                   INDEX STORAGE SAMPLE FAST FULL SCAN             429 
 
                                   UNIQUE SCAN                                       2 
                                   VIEW ACCESS STORAGE FULL                        634 
                                   MAT_VIEW ACCESS STORAGE SAMPLE                   56 
                                   TABLE ACCESS BY GLOBAL INDEX ROWID                5 
                                   TABLE ACCESS BY INDEX ROWID                     484 
                                   TABLE ACCESS BY LOCAL INDEX ROWID                 3 
                                   TABLE ACCESS STORAGE FULL                     41559 
                                   TABLE ACCESS STORAGE SAMPLE                    1763 
                                   TABLE ACCESS STORAGE SAMPLE BY ROWID RAN         78 
                                   UPDATE                                            4 
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cell single block physical read                                                 181186 
                                   BUFFER SORT                                       1 
                                   CREATE TABLE STATEMENT                           67 
                                   DDL STATEMENT                                   985 
                                   DELETE                                        11204 
                                   DELETE STATEMENT                                  6 
                                   FIXED TABLE FIXED INDEX                         352 
                                   FOR UPDATE                                       27 
                                   HASH GROUP BY                                     3 
                                   HASH JOIN                                        14 
                                   HASH JOIN RIGHT OUTER                             1 
                                   INDEX BUILD NON UNIQUE                           80 
                                   INDEX BUILD UNIQUE                                6 
                                   INDEX FAST FULL SCAN                              9 
                                   INDEX FULL SCAN                                1101 
                                   INDEX RANGE SCAN                              17597 
                                   INDEX RANGE SCAN (MIN/MAX)                        1 
                                   INDEX RANGE SCAN DESCENDING                       6 
                                   INDEX SKIP SCAN                                 691 
                                   INDEX STORAGE FAST FULL SCAN                    313 
                                   INDEX STORAGE SAMPLE FAST FULL SCAN              72 
                                   INDEX UNIQUE SCAN                             30901 
                                   INSERT STATEMENT                               5174 
                                   LOAD AS SELECT                                  120 
                                   LOAD TABLE CONVENTIONAL                        5827 
                                   MAT_VIEW ACCESS STORAGE FULL                      3 
                                   MAT_VIEW ACCESS STORAGE SAMPLE                    1 
                                   MERGE                                            12 
                                   PX COORDINATOR                                    1 
                                   SELECT STATEMENT                                978 
                                   SORT CREATE INDEX                                 1 
                                   SORT GROUP BY                                     1 
                                   SORT JOIN                                         5 
                                   SORT ORDER BY                                     2 
                                   TABLE ACCESS BY GLOBAL INDEX ROWID             5812 
                                   TABLE ACCESS BY INDEX ROWID                   65799 
                                   TABLE ACCESS BY LOCAL INDEX ROWID              4591 
                                   TABLE ACCESS BY USER ROWID                      464 
                                   TABLE ACCESS CLUSTER                             57 
                                   TABLE ACCESS STORAGE FULL                      7168 
                                   TABLE ACCESS STORAGE SAMPLE                     205 
                                   TABLE ACCESS STORAGE SAMPLE BY ROWID RAN         24 
                                   UNION-ALL                                         7 
                                   UPDATE                                        89353 
                                   UPDATE STATEMENT                                367 
                                   WINDOW CHILD PUSHED RANK                          2 
                                   WINDOW SORT                                       1 
                                   WINDOW SORT PUSHED RANK                           1 
cell smart file creation                                                            35 
                                   DELETE                                            3 
                                   INDEX BUILD NON UNIQUE                            5 
                                   LOAD AS SELECT                                    3 
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                                   LOAD TABLE CONVENTIONAL                           1 
                                   UPDATE                                            1 
cell smart incremental backup                                                      714 
cell smart index scan                                                               14 
                                   INDEX STORAGE FAST FULL SCAN                     42 
                                   INDEX STORAGE SAMPLE FAST FULL SCAN              32 
cell smart table scan                                                              163 
                                   MAT_VIEW ACCESS STORAGE FULL                      1 
                                   TABLE ACCESS STORAGE FULL                     12504 

Obviouslythisoutputdoesnotshowallthepossiblecombinations,butitshouldgiveyouanideaof
therelativefrequencyofeventsandwhichoperationsgenerallymotivatethem.

Exadata Wait Events in the User I/O Class 
TheUserI/OClassisfarandawaythemostimportantforExadata.Themostinterestingeventsinthis
categoryareofcoursethetwoSmartScanevents(cell smart table scanandcell smart index scan).
ThesearetheeventsthatrecordtimefortheprimaryOffloadingoptimizationsprovidedbyExadata,
whichincludepredicatefiltering,columnprojection,andstorageindexusage.TheUserI/OClassalso
containsthreeeventsdescribedasphysical I/Oevents.Thesethreeeventsactuallymeasuretimefor
physicalI/Ousingthemorefamiliarmulti-blockandsingle-blockreadmechanismswe’reusedtoseeing
onnon-Exadataplatforms,althoughtheirnameshavebeenchangedtosomethingalittlemore
meaningful.Finally,therearetwoeventsthatdon’treallyseemtobelongintheUserI/Ocategoryatall.
Onehastodowithinitializationofblockswhenfilespaceisallocated.Theotherhastodowithgathering
statisticalinformationfromthestoragecells.We’llcovereachofthesewaiteventsinturninthenext
severalsections,startingwiththeSmartScanevents.

cellsmarttablescan
Thecell smart table scaneventiswhatOracleusestoaccountfortimespentwaitingforFullTable
ScansthatareOffloaded.ItisthemostimportantneweventontheExadataplatform.Itspresenceor
absencecanbeusedtoverifywhetherastatementbenefitedfromOffloadingornot.Asdiscussedin
Chapter2,OffloadingonlyoccurswhenOracleisabletododirectpathreads.Consequently,thisevent
replacesthedirect path readeventinmostcasesonExadata.Aswithnormaldirectpathreads,datais
returneddirectlytothePGAoftherequestingprocessonthedatabaseserver(eithertheuser’sshadow
processoraparallelslaveprocess).Blocksarenotreturnedtothebuffercache.

Event Meaning  

AlthoughthemechanismforperformingreadsacrosstheInfiniBandnetworkisverydifferentfromthat
fornormalreadsonnon-Exadataplatforms,thecodepathdrivingthesmartscansisactuallyverysimilar
toadirectpathreadonanon-Exadataplatform.Themaindifferenceliesinthefactthateachrequestto
astoragecellcontainsareferencetothemetadataofthestatement,whichinthecaseofExadata
includesthepredicatesandthelistofcolumnstobereturned.Sincethestoragecellshaveaccesstothis
information,theycanapplythefiltersanddothecolumnprojectionbeforereturningthedatatothe
requestingprocess.Theseoptimizationsareappliedtoeachsetofblocksastheyarerequested.The
processesonthedatabaseserversthatrequestthedatahaveaccesstotheASMextentmapandcan
thereforerequesttherequiredallocationunits(AUs)fromeachstoragecell.Thestoragecellsreadthe
requestedAUandapplythepredicatefiltersand,ifanyrowssatisfythefilters,returntheprojected
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columnstotherequestingprocess.TheprocessthenrequeststhenextAUandtheentireroutineis
repeateduntilallthedatahasbeenscanned.Sothiseventwilloccurrepeatedlyinalargescan.

■Note:ColumnProjectionisoneofthemajoroptimizationsprovidedbySmartScans.Thefeatureisslightly
misunderstood.Itdoesnotpassonlycolumnsintheselectlistbacktothedatabaseservers;italsopassesback
somecolumnsfromtheWHEREclause.OlderversionsofcellsrvpassedallcolumnsspecifiedinaWHEREclause
backtothedatabasetier.Laterversionshavecorrectedthisbehaviortoincludeonlycolumnsthatareinvolvedin
joinpredicates.

Here’saportionofa10046tracefileshowingsomeoftheevents.Thequerygeneratingthistracefile
didafulltablescanwhichwasperformedviathedirectreadmechanism.(Notethatwe’veshortened
someofthelinestogetthemtofit,primarilybystrippingoffthetimevalues):

PARSING IN CURSOR #2 len=32 dep=0 uid=0 oct=3 lid=0 hv=123 ad='196' sqlid='162wjnvwyybhn' 
select sum(pk_col) from kso.skew 
 
END OF STMT 
PARSE #2:c=2000,e=2424,p=0,cr=0,cu=0,mis=1,r=0,dep=0,og=1,plh=568322376 
EXEC #2:c=0,e=34,p=0,cr=0,cu=0,mis=0,r=0,dep=0,og=1,plh=568322376 
WAIT #2: nam='SQL*Net message to client' ela= 3 driver id=1650815232 #bytes=1 p3=0 obj#=-1  
WAIT #2: nam='ges message buffer allocation' ela= 2 pool=0 request=1 allocated=0 obj#=-1  
WAIT #2: nam='KJC: Wait for msg sends to complete' ela= 10 msg=6674450368 dest|rcvr=65536 
WAIT #2: nam='reliable message' ela= 1107 channel context=6712270872 channel handle=66967991  
WAIT #2: nam='ges message buffer allocation' ela= 1 pool=0 request=1 allocated=0 obj#=-1  
WAIT #2: nam='enq: KO - fast object checkpoint' ela= 104 name|mode=126 2=65575 0=1 obj#=-1 
WAIT #2: nam='ges message buffer allocation' ela= 1 pool=0 request=1 allocated=0 obj#=-1  
WAIT #2: nam='enq: KO - fast object checkpoint' ela= 103 name|mode=126 2=65575 0=2 obj#=-1 
WAIT #2: nam='cell smart table scan' ela= 162 cellhash#=2133459483 p2=0 p3=0 obj#=66849  
WAIT #2: nam='cell smart table scan' ela= 244 cellhash#=379339958 p2=0 p3=0 obj#=66849  
WAIT #2: nam='cell smart table scan' ela= 181 cellhash#=3176594409 p2=0 p3=0 obj#=66849  
WAIT #2: nam='cell smart table scan' ela= 1285 cellhash#=2133459483 p2=0 p3=0 obj#=66849  
WAIT #2: nam='cell smart table scan' ela= 1327 cellhash#=379339958 p2=0 p3=0 obj#=66849  
WAIT #2: nam='cell smart table scan' ela= 1310 cellhash#=3176594409 p2=0 p3=0 obj#=66849  
WAIT #2: nam='cell smart table scan' ela= 19755 cellhash#=3176594409 p2=0 p3=0 obj#=66849  
WAIT #2: nam='cell smart table scan' ela= 39 cellhash#=3176594409 p2=0 p3=0 obj#=66849  
WAIT #2: nam='cell smart table scan' ela= 24 cellhash#=2133459483 p2=0 p3=0 obj#=66849  
WAIT #2: nam='cell smart table scan' ela= 847 cellhash#=3176594409 p2=0 p3=0 obj#=66849  
WAIT #2: nam='cell smart table scan' ela= 44 cellhash#=2133459483 p2=0 p3=0 obj#=66849  
WAIT #2: nam='cell smart table scan' ela= 674 cellhash#=3176594409 p2=0 p3=0 obj#=66849  
WAIT #2: nam='cell smart table scan' ela= 32 cellhash#=3176594409 p2=0 p3=0 obj#=66849  
WAIT #2: nam='cell smart table scan' ela= 39 cellhash#=2133459483 p2=0 p3=0 obj#=66849  
WAIT #2: nam='cell smart table scan' ela= 928 cellhash#=3176594409 p2=0 p3=0 obj#=66849  
WAIT #2: nam='cell smart table scan' ela= 37 cellhash#=3176594409 p2=0 p3=0 obj#=66849  
WAIT #2: nam='cell smart table scan' ela= 97 cellhash#=379339958 p2=0 p3=0 obj#=66849  

Thisportionofthetracefilealsoshowstheenq: KO - fast object checkpointevent,whichisused
toensurethatanydirtyblocksforthescannedobjectareflushedtodiskpriortobeginningthescan.By
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theway,thedirect path readeventisnotcompletelyeliminatedonExadataplatforms.Infact,wecan
useahinttodisableOffloadingandseehowthesamestatementbehaveswithoutOffloading.

PARSING IN CURSOR #2 len=84 dep=0 uid=0 oct=3 lid=0 hv=123 ad='196' sqlid='cczz6y6rtz4bn' 
select /*+ OPT_PARAM('cell_offload_processing' 'false') */ sum(pk_col) from kso.skew 
END OF STMT 
PARSE #2:c=26995,e=33582,p=1,cr=100,cu=0,mis=1,r=0,dep=0,og=1,plh=568322376 
EXEC #2:c=0,e=20,p=0,cr=0,cu=0,mis=0,r=0,dep=0,og=1,plh=568322376 
WAIT #2: nam='SQL*Net message to client' ela= 3 driver id=1650815232 #bytes=1 p3=0 obj#=-1  
WAIT #2: nam='ges message buffer allocation' ela= 3 pool=0 request=1 allocated=0 obj#=-1  
WAIT #2: nam='KJC: Wait for msg sends to complete' ela= 13 msg=66 dest|rcvr=65536 mtype=12  
WAIT #2: nam='reliable message' ela= 1355 channel context=6712270872 channel 
  handle=6696795216 broadcast message=6741335856 obj#=-1 tim=1285455676264108 
WAIT #2: nam='ges message buffer allocation' ela= 2 pool=0 request=1 allocated=0 obj#=-1  
WAIT #2: nam='enq: KO - fast object checkpoint' ela= 172 name|mode=126 2=65573 0=1 obj#=-1  
WAIT #2: nam='ges message buffer allocation' ela= 2 pool=0 request=1 allocated=0 obj#=-1  
WAIT #2: nam='enq: KO - fast object checkpoint' ela= 221 name|mode=126 2=65573 0=2 obj#=- 
WAIT #2: nam='kfk: async disk IO' ela= 14 count=1 intr=0 timeout=4294967295 obj#=66849  
 
WAIT #2: nam='direct path read' ela= 23746 file number=7 first dba=76322 block cnt=94 
  obj#=66849 
WAIT #2: nam='kfk: async disk IO' ela= 28 count=1 intr=0 timeout=4294967295 obj#=66849  
WAIT #2: nam='kfk: async disk IO' ela= 20 count=1 intr=0 timeout=4294967295 obj#=66849  
WAIT #2: nam='kfk: async disk IO' ela= 11 count=1 intr=0 timeout=4294967295 obj#=66849  
WAIT #2: nam='kfk: async disk IO' ela= 6 count=1 intr=0 timeout=4294967295 obj#=66849  
WAIT #2: nam='direct path read' ela= 18566 file number=7 first dba=76800 block cnt=128 
  obj#=66849 
WAIT #2: nam='kfk: async disk IO' ela= 19 count=1 intr=0 timeout=4294967295 obj#=66849  
WAIT #2: nam='kfk: async disk IO' ela= 20 count=1 intr=0 timeout=4294967295 obj#=66849  
WAIT #2: nam='kfk: async disk IO' ela= 6 count=1 intr=0 timeout=4294967295 obj#=66849  
WAIT #2: nam='direct path read' ela= 35083 file number=7 first dba=77184 block cnt=128 
  obj#=66849 
WAIT #2: nam='kfk: async disk IO' ela= 19 count=1 intr=0 timeout=4294967295 obj#=66849  
WAIT #2: nam='kfk: async disk IO' ela= 22 count=1 intr=0 timeout=4294967295 obj#=66849  
WAIT #2: nam='kfk: async disk IO' ela= 7 count=1 intr=0 timeout=4294967295 obj#=66849  
WAIT #2: nam='kfk: async disk IO' ela= 5 count=1 intr=0 timeout=4294967295 obj#=66849  

Notethatwestillhavetheenq: KO – fast object checkpointeventsforflushingdirtyblocks.Soit
isclearthatthecell smart table scaneventreplacesthisevent.

Parameters 

Theparametersforthiseventarenotparticularlyinformative.OnlytheobjectIDofthetablebeing
scannedandthecellhashnumberareprovided:

P1-Cellhashnumber

P2-Notused

P3-Notused

obj#-Theobjectnumberofthetablebeingscanned
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You’llnoticethatthedirect path readevent(whichcell smart table scanreplaces)provides
additionalinformationincludingthefilenumber,theoffsetintothefile(first dba)andthenumberof
contiguousblocksread(block cnt).Ontheotherhand,withthedirect path readevent,thereisno
indicationhowthereadrequestsareroutedtotheindividualcells.

■Note:TheCellhashnumberreportedwithmanyofthewaiteventscanbefoundintheV$CELLview.Thisview
hasonlytwocolumns,CELL_PATHandCELL_HASHVAL.TheCELL_PATHcolumnactuallycontainstheIPaddressof
thestoragecell.

cellsmartindexscan
Timeisclockedtothecell smart index scaneventwhenfastfullindexscansareperformedthatare
Offloaded.Thiseventisanalogoustocell smart table scan,exceptthattheobjectbeingscannedisan
index.Itreplacesthedirect path readeventandreturnsdatadirectlytothePGAoftherequesting
processasopposedtothebuffercache.

Event Meaning 

Thiseventdoesnotshowupveryoftenonthesystemswehaveobserved,probablyforseveralreasons:

• Exadataisquitegoodatdoingfulltablescansandsothetendencyistoeliminatea
lotofindexeswhenmovingtotheplatform.

• Directpathreadsarenotdoneasoftenonindexscansastheyareontablescans.
OneoftheimportantchangestoOracle11.2istheaggressivenesswithwhichit
doesdirectpathreadsonserialtablescans.Thisenhancementwasprobably
pushedforwardspecificallyinordertoallowExadatatodomoreSmartFullTable
Scans,butregardlessofthat,withoutthisfeature,onlyparalleltablescanswould
beabletotakeadvantageofSmartScans.Thesameenhancementappliestoindex
fastfullscans.Thatis,theycanalsobedoneviaserialdirectpathreads.However,
thealgorithmcontrollingwhentheyhappenappearstobelesslikelytousethis
techniquewithindexes(probablybecausetheindexesareusuallymuchsmaller
thantables).

• Inaddition,onlyfastfullscansofindexesareeligibleforSmartScans(rangescans
andfullscansarenoteligible).
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■Kevinsays:ASmartScanonanindexispossiblewithoutparallelism,buttherulesarestrict.Ifyoualterthe
sessiontodisableparallelqueryandset_serial_direct_read=TRUEinthesession,andthenrunyourtest,you
shouldgetasmart,serial,index fast full scan(IFFS).Ifnot,thenyou’relookingatabug.Inshort,togetaserial
IFFStheobjectneedstobemorethanfivetimesthesizeoftheSGA.

Gluingrangescanstosmartindexscanscanbedone,butit’sverymessy.Thereisn’tlikelymuchtobegained
thereintermsofcompletingaquery.

Asaresultoftheseissues,cell smart index scansarefairlyrarecomparedtocell smart table 
scans.Itis,ofcourse,possibletoencouragethefeaturewithhints(suchasparallel_index)orby
decoratingspecificindexeswithaparalleldegreesettingofgreaterthan1.Here’sanexcerptfroma
10046tracefileshowingtheevent:

PARSING IN CURSOR #1 len=112 dep=1 uid=0 oct=3 lid=0 hv=123 ad='197' sqlid='dnmumhk9599p7' 
select /*+ parallel_index (a skew2_all 8) index_ffs (a skew2_all) */ sum(pk_col) from 
kso.skew2 a where col1 > 1 
END OF STMT 
PARSE #1:c=0,e=89,p=0,cr=0,cu=0,mis=0,r=0,dep=1,og=1,plh=2801817111,tim=1285372448705192 
WAIT #1: nam='PX Deq: Execution Msg' ela= 3124 sleeptime/senderid=268 passes=1 p3=0 obj#=-1  
WAIT #1: nam='cell smart index scan' ela= 133 cellhash#=379339958 p2=0 p3=0 obj#=66856  
WAIT #1: nam='cell smart index scan' ela= 522 cellhash#=2133459483 p2=0 p3=0 obj#=66856  
WAIT #1: nam='cell smart index scan' ela= 277 cellhash#=3176594409 p2=0 p3=0 obj#=66856  
WAIT #1: nam='cell smart index scan' ela= 1910 cellhash#=379339958 p2=0 p3=0 obj#=66856  
WAIT #1: nam='cell smart index scan' ela= 330 cellhash#=2133459483 p2=0 p3=0 obj#=66856  
WAIT #1: nam='cell smart index scan' ela= 348 cellhash#=3176594409 p2=0 p3=0 obj#=66856  
WAIT #1: nam='cell smart index scan' ela= 45162 cellhash#=3176594409 p2=0 p3=0 obj#=66856  
WAIT #1: nam='cell smart index scan' ela= 13 cellhash#=3176594409 p2=0 p3=0 obj#=66856  
WAIT #1: nam='cell smart index scan' ela= 207 cellhash#=379339958 p2=0 p3=0 obj#=66856  
WAIT #1: nam='cell smart index scan' ela= 30 cellhash#=379339958 p2=0 p3=0 obj#=66856  
WAIT #1: nam='cell smart index scan' ela= 779 cellhash#=3176594409 p2=0 p3=0 obj#=66856  
WAIT #1: nam='cell smart index scan' ela= 30 cellhash#=2133459483 p2=0 p3=0 obj#=66856  

Notethatthistracefilewasproducedbyoneoftheparallelslaveprocessesandnottherequesting
process.ThetraceproducedforthesamestatementwhenOffloadingisdisabledshouldlookfamiliar.
Here’sanexcerpt:

PARSING IN CURSOR #1 len=158 dep=1 uid=0 oct=3 lid=0 hv=338 ad='196' sqlid='g2966dwa2xfm8' 
select /*+ OPT_PARAM('cell_offload_processing' 'false') parallel_index (a skew2_all 8) 
index_ffs (a skew2_all) */ sum(pk_col) from kso.skew2 a where col1 > 1 
END OF STMT 
PARSE #1:c=0,e=94,p=0,cr=0,cu=0,mis=0,r=0,dep=1,og=1,plh=2801817111,tim=1285546990415744 
WAIT #1: nam='PX Deq: Execution Msg' ela= 2377 sleeptime/senderid=268566527 passes=1 p3=0  
WAIT #1: nam='latch: cache buffers chains' ela= 44 address=6636639304 number=150 tries=0  
WAIT #1: nam='kfk: async disk IO' ela= 12 count=1 intr=0 timeout=4294967295 obj#=66856  
WAIT #1: nam='direct path read' ela= 28957 file number=6 first dba=13 block cnt=124 obj#=66856  
WAIT #1: nam='kfk: async disk IO' ela= 32 count=1 intr=0 timeout=4294967295 obj#=66856  
WAIT #1: nam='kfk: async disk IO' ela= 24 count=1 intr=0 timeout=4294967295 obj#=66856  
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WAIT #1: nam='kfk: async disk IO' ela= 24 count=1 intr=0 timeout=4294967295 obj#=66856  
WAIT #1: nam='kfk: async disk IO' ela= 8 count=1 intr=0 timeout=4294967295 obj#=66856  
WAIT #1: nam='direct path read' ela= 1410 file number=6 first dba=1304064 block cnt=128 
obj#=66856 
WAIT #1: nam='kfk: async disk IO' ela= 24 count=1 intr=0 timeout=4294967295 obj#=66856  
WAIT #1: nam='kfk: async disk IO' ela= 21 count=1 intr=0 timeout=4294967295 obj#=66856  
WAIT #1: nam='kfk: async disk IO' ela= 24 count=1 intr=0 timeout=4294967295 obj#=66856  
WAIT #1: nam='kfk: async disk IO' ela= 23 count=1 intr=0 timeout=4294967295 obj#=66856  
WAIT #1: nam='kfk: async disk IO' ela= 23 count=1 intr=0 timeout=4294967295 obj#=66856  
WAIT #1: nam='kfk: async disk IO' ela= 23 count=1 intr=0 timeout=4294967295 obj#=66856  
WAIT #1: nam='kfk: async disk IO' ela= 32 count=1 intr=0 timeout=4294967295 obj#=66856  
WAIT #1: nam='kfk: async disk IO' ela= 28 count=1 intr=0 timeout=4294967295 obj#=66856  
WAIT #1: nam='kfk: async disk IO' ela= 21 count=1 intr=0 timeout=4294967295 obj#=66856  
WAIT #1: nam='kfk: async disk IO' ela= 25 count=1 intr=0 timeout=4294967295 obj#=66856  
WAIT #1: nam='kfk: async disk IO' ela= 31 count=1 intr=0 timeout=4294967295 obj#=66856  
 
WAIT #1: nam='kfk: async disk IO' ela= 7 count=1 intr=0 timeout=4294967295 obj#=66856  
WAIT #1: nam='direct path read' ela= 16725 file number=6 first dba=1303171 block cnt=125 
obj#=66856 
WAIT #1: nam='kfk: async disk IO' ela= 24 count=1 intr=0 timeout=4294967295 obj#=66856  
WAIT #1: nam='kfk: async disk IO' ela= 27 count=1 intr=0 timeout=4294967295 obj#=66856  
WAIT #1: nam='kfk: async disk IO' ela= 8 count=1 intr=0 timeout=4294967295 obj#=66856  

Againweseetherepeatingpatternofasingledirect path readeventfollowedbyseveralkfk: 
async disk IOevents.Thecell smart index scaneventreplacesbothoftheseevents.Theenq: KO – 
fast object checkpointeventsforflushingdirtyblockspriortostartingthedirectpathreadsarestill
present(althoughnotshowninthisexcerptbecausetheyoccurinthequerycoordinatorprocess,notin
theparallelslaveprocesses).

Parameters 

Justaswiththecell smart table scanevent,theparametersforcell smart index scandonotcontain
alotofdetails.ThecellhashnumberandtheobjectIDofthesegmentbeingscannedaretheonly
informationprovided.

P1-Cellhashnumber

P2-Notused

P3-Notused

obj#-Theobjectnumberoftheindexbeingscanned

cellsingleblockphysicalread
Thiseventisequivalenttothedb file sequential readeventusedonnon-Exadataplatforms.Single
blockreadsareusedmostoftenforindexaccesspaths(boththeindexblockreadsandthetableblock
readsviarowidsfromtheindexlookups).Theycanalsobeusedforawidevarietyofotheroperations
whereitmakessensetoreadasingleblock.
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Event Meaning 

Hereistheoutputofaquerythatshowstheoperationsthatresultedinthecell single block physical 
readwaiteventonanactiveproductionsystem:

SYS@EXDB1> select event, operation,  count(*) from ( 
  2  select sql_id, event, sql_plan_operation||' '||sql_plan_options operation 
  3    from DBA_HIST_ACTIVE_SESS_HISTORY 
  4    where event like 'cell single%') 
  5    group by operation, event 
  6    order by 1,2,3 
  7  / 
 
EVENT                             OPERATION                                  COUNT(*) 
--------------------------------- ---------------------------------------- ---------- 
cell single block physical read                                                 13321 
                                  CREATE TABLE STATEMENT                           35 
                                  DDL STATEMENT                                   118 
                                  DELETE                                          269 
                                  FIXED TABLE FIXED INDEX                           3 
                                  FOR UPDATE                                        2 
                                  HASH JOIN                                         4 
                                  HASH JOIN RIGHT OUTER                             8 
                                  INDEX FULL SCAN                                9283 
                                  INDEX FULL SCAN (MIN/MAX)                         1 
                                  INDEX RANGE SCAN                               2763 
                                  INDEX STORAGE FAST FULL SCAN                      6 
                                  INDEX STORAGE SAMPLE FAST FULL SCAN              13 
                                  INDEX UNIQUE SCAN                              1676 
                                  INSERT STATEMENT                               1181 
                                  LOAD AS SELECT                                    6 
                                  LOAD TABLE CONVENTIONAL                          92 
                                  MERGE                                           106 
                                  SELECT STATEMENT                                 41 
                                  SORT ORDER BY                                     6 
                                  TABLE ACCESS BY GLOBAL INDEX ROWID            10638 
                                  TABLE ACCESS BY INDEX ROWID                    8714 
                                  TABLE ACCESS BY LOCAL INDEX ROWID             10446 
                                  TABLE ACCESS CLUSTER                             12 
                                  TABLE ACCESS STORAGE FULL                       776 
                                  TABLE ACCESS STORAGE SAMPLE                      40 
                                  UPDATE                                         8116 

Asyoucansee,rowaccessviaanindexisthemostcommonoperationthatgeneratesthisevent.
YoushouldalsobeawarethatExadataprovidesalargeamountofflashcache(384G)oneachstorage
cell.Forthatreason,physicalreads(bothmulti-blockandsingle-block)areconsiderablyfasterthanon
mostdisk-basedstoragesystems.HereisanexcerptfromanAWRreportshowingahistogramofsingle
blockreadsfortheinstance:

                                 % of Waits 
                                 ----------------------------------------- 
                           Total 
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Event                      Waits <1ms <2ms <4ms <8ms <16ms <32ms <=1s  >1s 
-------------------------- ----- ---- ---- ---- ---- ----- ----- ---- ---- 
cell single block physical 2940K 94.4  3.2   .3   .6    .9    .5   .2   .0 

Noticethatabout95%ofthecell single block physical readeventstakelessthan1ms.Thisis
fairlyrepresentativeofseveralproductionsystemsthatwe’veobserved.

Parameters 

Thecell single block physical readeventprovidesmoreinformationthanmostcellevents.The
parametersallowyoutotellexactlywhichobjectwasreadalongwithprovidingthediskandcellwhere
theblockwasstored.

P1-Cellhashnumber

P2-Diskhashnumber

P3-Totalbytespassedduringreadoperation(always8192assuming8Kblock
size)

obj#-Theobjectnumberoftheobjectbeingread

cellmultiblockphysicalread
Thisisanotherrenamedevent.Itisequivalenttothelessclearlynameddb file scattered readevent.
Onnon-Exadataplatforms,OracleDatabase11gR2stillusesthedb file scattered readevent
wheneveritissuesacontiguousmulti-blockreadtotheoperatingsystem.

Event Meaning 

ThiseventisgenerallyusedwithFullTableScansandFastFullIndexscans,althoughitcanbeusedwith
manyotheroperations.ThenewnameontheExadataplatformismuchmoredescriptivethantheolder
name.ThiswaiteventisnotnearlyasprevalentonExadataplatformsasonnon-Exadataplatforms,
becauseExadatahandlesmanyfullscanoperationswithSmartScansthathavetheirownwaitevents
(cell smart table scanandcell smart index scan).Thecell multiblock physical readeventon
ExadataplatformsisusedforserialFullScanoperationsontablesthatarebelowthethresholdforserial
directpathreads.Thatistosay,youwillseethiseventusedmostoftenonFullScansofrelativelysmall
tables.ItisalsousedforFastFullIndexScansthatarenotexecutedwithdirectpathreads.Hereisthe
outputofaquerythatshowstheoperationsthatresultedinthecell multiblock physical readwait
eventonanactiveproductionsystem:

EVENT                            OPERATION                                  COUNT(*) 
-------------------------------- ---------------------------------------- ---------- 
cell multiblock physical read                                                    764 
                                 DDL STATEMENT                                    28 
                                 INDEX FAST FULL SCAN                              2 
                                 INDEX STORAGE FAST FULL SCAN                    657 
                                 INDEX STORAGE SAMPLE FAST FULL SCAN             133 
                                 TABLE ACCESS BY INDEX ROWID                      74 
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                                 TABLE ACCESS BY LOCAL INDEX ROWID              1428 
                                 TABLE ACCESS STORAGE FULL                      5046 
                                 TABLE ACCESS STORAGE SAMPLE                     916 

Parameters 

Thecell multiblock physical readeventalsoprovidesmoreinformationthanmostcellevents.The
parametersinthefollowinglistallowyoutotellwhichobjectwasreadandidentifiesthediskandcell
wheretheblockswerestored.Thetotalbytespassedshouldbeamultipleoftheblocksize.

P1-Cellhashnumber

P2-Diskhashnumber

P3-Totalbytespassedduringreadoperation

obj#-Theobjectnumberoftheobjectbeingread

celllistofblocksphysicalread
Thiseventisareplacementforthedb file parallel readevent.Itappearsthatthedeveloperstookthe
opportunitytorenamesomeoftheeventsthatarerelatedtodiskoperations,andthisisoneofthose
events.Thenewnameisactuallymuchmoredescriptivethanthepreviousname,sincethewaitevent
hasnothingwhatsoevertodowithparallelqueryorparallelDML.

Event Meaning  

Thiseventisusedforamulti-blockreadofnoncontiguousblocks.ThisismoreeffectivewithasyncI/O,
whichisenabledonExadatabydefault.Thiseventcanbeprovokedbyseveraloperations.Themost
commonareIndexRangeScans,IndexUniqueScansandTableAccessByIndexRowid.Themost
commonreasonfortheeventisindexpre-fetching.Hereistheoutputofaquerythatshowsthe
operationsthatresultedinthiswaiteventonanactiveproductionsystem:

SYS@EXDB1> select event, operation,  count(*) from ( 
  2  select sql_id, event, sql_plan_operation||' '||sql_plan_options operation 
  3    from DBA_HIST_ACTIVE_SESS_HISTORY 
  4    where event like 'cell list%') 
  5    group by operation, event 
  6    order by 1,2,3 
  7  / 
 
EVENT                               OPERATION                                COUNT(*) 
----------------------------------- ---------------------------------------- -------- 
cell list of blocks physical read                                                   2 
                                    INDEX RANGE SCAN                              156 
                                    INDEX STORAGE FAST FULL SCAN                    1 
                                    INDEX UNIQUE SCAN                              66 
                                    TABLE ACCESS BY GLOBAL INDEX ROWID             90 
                                    TABLE ACCESS BY INDEX ROWID                  1273 
                                    TABLE ACCESS BY LOCAL INDEX ROWID            2593 
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                                    TABLE ACCESS STORAGE FULL                      20 
                                    TABLE ACCESS STORAGE SAMPLE                     1 

Asyoucansee,thevastmajorityoftheseeventsweremotivatedbyindexaccesspaths.Bytheway,
onnon-Exadataplatforms,noncontiguousmulti-blockreadsstillclocktimetotheolddb file parallel 
readevent.It’salsopossibleforthisolderwaiteventnametoshowuponanExadataplatformforsome
operations.

Parameters 

Thecell list of blocks physical readeventprovidesmoreinformationthanmostcellevents.The
followingparametersallowyoutotellexactlywhichobjectwasreadalongwithidentifyingthediskand
cellwheretheblockwasstored.

P1-Cellhashnumber

P2-Diskhashnumber

P3-Numberofblocksread

obj#-Theobjectnumberoftheobjectbeingread

cellsmartfilecreation
Exadatahasanoptimizationtechniquethatallowsthestoragecellstodotheinitializationofblocks
whenadatafileiscreatedorextended.Thisoccurswhenatablespaceiscreatedoradatafileis
manuallyaddedtoatablespace.However,itcanalsooccurwhenadatafileisautomaticallyextended
duringDMLoperations.

Event Meaning 

WepreviouslystatedthatthiseventseemedoutofplaceintheUserI/Oclass.However,ifitoccurs
becauseofDMLoperations,itmakessensetohaveitinthiscategory.Atanyrate,offloadingtheblock
formattingeliminatesCPUusageandI/Ofromthedatabaseserversandmovesittothestoragetier.
Whenthisoccurs,timeiscollectedinthecell smart file creationevent.ThiseventreplacestheData 
file init writeeventthatisstillusedonnon-Exadataplatforms.Hereistheoutputofaqueryfroma
busyproductionsystemshowingoperationsthatgeneratedthisevent:

SYS@EXDB1> select event, operation,  count(*) from ( 
  2  select sql_id, event, sql_plan_operation||' '||sql_plan_options operation 
  3    from DBA_HIST_ACTIVE_SESS_HISTORY 
  4    where event like 'cell smart file%') 
  5    group by operation, event 
  6    order by 1,2,3 
  7  / 
 
EVENT                      OPERATION                 COUNT(*) 
-------------------------- ------------------------- -------- 
cell smart file creation                                   35 
                           DELETE                           3 
                           INDEX BUILD NON UNIQUE           5 
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                           LOAD AS SELECT                   3 
                           LOAD TABLE CONVENTIONAL          1 
                           UPDATE                           1 

You’llnoticethatonthisparticularsystem,thecell smart file creationeventwasoccasionally
generatedbyaDELETEstatement.ThefactthataDELETEcouldcausethiseventmightbealittle
surprising.Butrememberthatthiseventisactuallytimingasectionofcodethatdoesblockformatting,
notfilecreation.

Parameters 

TheonlyparameterofinterestforthiseventisP1,whichshowswhichcellwasbeingaccessedwhenthis
eventwasgenerated.

P1-Cellhashnumber

P2-Notused

P3-Notused

cellstatisticsgather
Thecell statistics gathereventrecordstimespentreadingfromvariousV$andX$tables.Although
theeventisgroupedintheUserI/Ocategory,itdoesnotrefertoI/Ointhesenseofreadingandwriting
toandfromdisk.

Event Meaning  

TimeisclockedtothiseventwhenasessionisreadingfromV$CELL,V$CELL_THREAD_HISTORY 
(X$KCFISOSSN),V$CELL_REQUEST_TOTALS (X$KCFISOSST),andafewotherX$tablesinthesamefamily.The
eventismiscategorizedinouropinionanddoesnotreallybelongintheUserI/Ocategory.

Parameters 

Theparametersforthiseventprovidenoadditionalinformation.Infact,valuesarenotevensetforthe
parametersinthisevent.Herearetheparameterdefinitions:

 

P1 -Cellhashnumber(always0) 

P2 - Notused 

P3 - Notused 

Exadata Wait Events in the System I/O Class 
TheExadatawaiteventsthatareassignedtotheSystemI/Oclassareoflessimportanceanddonot
generallyshowupasmajorconsumersoftime.Thebackupeventsarethemostinterestingasthey
recordtimeforsectionsofcodethathavebeenoptimizedontheExadataplatform.Theothersare
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simplyhousekeepingevents.Thenon-backupeventsarelistedinTable12.1,whilethebackupevents
aredetailedinthefollowingsections.

Table 10-1. Miscellaneous System I/O Class Events 

Event Description 

cell manager closing cell Thisisashutdown-relatedevent.Thecellhashnumberiscontainedin
theP1columnofthev$session_waitviewforthisevent.TheP2andP3
columnsareunused.

cell manager discovering disks Thisisastartup-relatedevent.Thecellhashnumberiscontainedinthe
P1columnofthev$session_waitviewforthisevent.TheP2andP3
columnsareunused.

cell manager opening cell Thisisastartup-relatedevent.Thecellhashnumberiscontainedinthe
P1columnofthev$session_waitviewforthisevent.TheP2andP3
columnsareunused.

cellsmartincrementalbackup
ThiseventisusedtomeasuretimespentwaitingonRMANwhendoinganIncrementalLevel1backup.
Exadataoptimizesincrementalbackupsbyoffloadingmuchoftheprocessingtothestoragetier.This
newwaiteventwasaddedtoaccountfortimespentwaitingontheoptimizedincrementalbackup
processingthatisoffloadedtothestoragecells.

Event Meaning 

Interestingly,anIncrementalLevel0backupdoesnotresultinthiswaiteventeventhoughtheword
“incremental”isintheRMANcommand.ThatisbecausetheLevel0backupdoesn’tactuallydoan
incrementalbackupatall.Itgeneratesafullbackupthatisflaggedasabaselineforfutureincremental
backups.Here’sanexcerptfroma10046tracefilegeneratedonaprocessthatwasdoinganincremental
Level1backup:

WAIT #0: nam='cell smart incremental backup' ela= 27 cellhash#=3176594409 p2=0 p3=0 obj#=-1  
WAIT #0: nam='cell smart incremental backup' ela= 54 cellhash#=3176594409 p2=0 p3=0 obj#=-1  
WAIT #0: nam='cell smart incremental backup' ela= 119 cellhash#=3176594409 p2=0 p3=0 obj#=-1  
WAIT #0: nam='cell smart incremental backup' ela= 603 cellhash#=3176594409 p2=0 p3=0 obj#=-1  
WAIT #0: nam='cell smart incremental backup' ela= 120 cellhash#=3176594409 p2=0 p3=0 obj#=-1  
WAIT #0: nam='control file sequential read' ela= 378 file#=0 block#=1 blocks=1 obj#=-1  
WAIT #0: nam='control file sequential read' ela= 378 file#=1 block#=1 blocks=1 obj#=-1  
WAIT #0: nam='control file sequential read' ela= 254 file#=0 block#=15 blocks=1 obj#=-1  
WAIT #0: nam='control file sequential read' ela= 332 file#=0 block#=17 blocks=1 obj#=-1  
WAIT #0: nam='control file sequential read' ela= 268 file#=0 block#=309 blocks=1 obj#=-1  
WAIT #0: nam='control file sequential read' ela= 15794 file#=0 block#=307 blocks=1 obj#=-1  
WAIT #0: nam='control file parallel write' ela= 351 files=2 block#=310 requests=2 obj#=-1  
WAIT #0: nam='control file parallel write' ela= 404 files=2 block#=18 requests=2 obj#=-1  
WAIT #0: nam='control file parallel write' ela= 211 files=2 block#=16 requests=2 obj#=-1  
WAIT #0: nam='control file parallel write' ela= 294 files=2 block#=1 requests=2 obj#=-1  
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WAIT #0: nam='control file sequential read' ela= 944 file#=0 block#=1 blocks=1 obj#=-1  
WAIT #0: nam='KSV master wait' ela= 13352 p1=0 p2=0 p3=0 obj#=-1 tim=1285518586442775 
WAIT #0: nam='ASM file metadata operation' ela= 32 msgop=41 locn=0 p3=0 obj#=-1  
WAIT #0: nam='kfk: async disk IO' ela= 333 count=1 intr=0 timeout=4294967295 obj#=-1  
WAIT #0: nam='Disk file operations I/O' ela= 67 FileOperation=3 fileno=1 filetype=10 obj#=-1  
WAIT #0: nam='cell smart incremental backup' ela= 392 cellhash#=3176594409 p2=0 p3=0 obj#=-1  
WAIT #0: nam='cell smart incremental backup' ela= 95 cellhash#=3176594409 p2=0 p3=0 obj#=-1  
WAIT #0: nam='cell smart incremental backup' ela= 169 cellhash#=3176594409 p2=0 p3=0 obj#=-1  
WAIT #0: nam='cell smart incremental backup' ela= 104 cellhash#=3176594409 p2=0 p3=0 obj#=-1  
WAIT #0: nam='cell smart incremental backup' ela= 128 cellhash#=3176594409 p2=0 p3=0 obj#=-1  
WAIT #0: nam='cell smart incremental backup' ela= 115 cellhash#=3176594409 p2=0 p3=0 obj#=-1  
WAIT #0: nam='cell smart incremental backup' ela= 722 cellhash#=3176594409 p2=0 p3=0 obj#=-1  

Parameters 

TheonlyparameterusedforthiseventisP1,whichshowswhichcellwasresponsibleforgeneratingthe
event.

P1-Cellhashnumber

P2-Notused

P3-Notused

obj#-Notused

■Note:Theobj#fieldisapartofmanywaitevents,evensomethatarenotspecificallyrelatedtoanindividual
object.Beawarethatinsomecases,thevaluemaybesetbyoneeventandthennotclearedappropriatelywhen
thewaitends,resultinginmeaninglessvaluesleftinplaceforthenextwaitevent.Inthepreviousexample,the
obj#wascleared(settoavalueof-1).

cellsmartrestorefrombackup
ThiseventisusedtomeasuretimespentwaitingonRMANwhendoingarestore.Exadataoptimizes
RMANrestoresbyoffloadingprocessingtothestoragecells.

Event Meaning 

Theeventactuallyrecordstimerelatedtofileinitializationduringarestore.Here’sanexcerptfroma
10046tracefiletakenwhilearestorewasinprogress:

The input backup piece 
+RECO/test/backupset/2010_09_26/nnndn0_tag20100926t111118_0.1263.730725079 is in BASIC 11.2 
compressed format. 
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WAIT #0: nam='kfk: async disk IO' ela= 98 count=1 intr=0 timeout=4294967295 obj#=-1  
WAIT #0: nam='kfk: async disk IO' ela= 757 count=1 intr=0 timeout=4294967295 obj#=-1  
WAIT #0: nam='kfk: async disk IO' ela= 94 count=1 intr=0 timeout=4294967295 obj#=-1  
WAIT #0: nam='RMAN backup & recovery I/O' ela= 20 count=1 intr=256 timeout=214748364 obj#=-1 
WAIT #0: nam='RMAN backup & recovery I/O' ela= 22 count=1 intr=256 timeout=2147483647 obj#=- 
WAIT #0: nam='RMAN backup & recovery I/O' ela= 15 count=1 intr=256 timeout=2147483647 obj#=- 
WAIT #0: nam='RMAN backup & recovery I/O' ela= 10 count=1 intr=256 timeout=2147483647 obj#=- 
WAIT #0: nam='RMAN backup & recovery I/O' ela= 14 count=1 intr=256 timeout=2147483647 obj#=- 
. . . 
WAIT #0: nam='RMAN backup & recovery I/O' ela= 1364 count=1 intr=256 timeout=2147483647  
WAIT #0: nam='kfk: async disk IO' ela= 16 count=1 intr=0 timeout=4294967295 obj#=-1  
WAIT #0: nam='kfk: async disk IO' ela= 30 count=1 intr=0 timeout=4294967295 obj#=-1  
WAIT #0: nam='RMAN backup & recovery I/O' ela= 4783 count=1 intr=256 timeout=2147483647  
WAIT #0: nam='kfk: async disk IO' ela= 5 count=1 intr=0 timeout=4294967295 obj#=-1  
WAIT #0: nam='RMAN backup & recovery I/O' ela= 2952 count=1 intr=256 timeout=2147483647  
WAIT #0: nam='kfk: async disk IO' ela= 14 count=1 intr=0 timeout=4294967295 obj#=-1  
WAIT #0: nam='kfk: async disk IO' ela= 33 count=1 intr=0 timeout=4294967295 obj#=-1  
WAIT #0: nam='kfk: async disk IO' ela= 62 count=1 intr=0 timeout=4294967295 obj#=-1  
WAIT #0: nam='kfk: async disk IO' ela= 92 count=1 intr=0 timeout=4294967295 obj#=-1  
WAIT #0: nam='kfk: async disk IO' ela= 12 count=1 intr=0 timeout=4294967295 obj#=-1  
. . . 
WAIT #0: nam='cell smart restore from backup' ela= 43249 cellhash#=379339958 p2=0 p3=0 obj#= 
WAIT #0: nam='cell smart restore from backup' ela= 18141 cellhash#=213345948 p2=0 p3=0 obj#= 
WAIT #0: nam='cell smart restore from backup' ela= 430 cellhash#=379339958 p2=0 p3=0 obj#=-1  
WAIT #0: nam='cell smart restore from backup' ela= 378 cellhash#=213345948 p2=0 p3=0 obj#=-1 
WAIT #0: nam='cell smart restore from backup' ela= 15 cellhash#=2133459483 p2=0 p3=0 obj#=-1  
WAIT #0: nam='cell smart restore from backup' ela= 1355 cellhash#=213345948 p2=0 p3=0 obj#=- 
WAIT #0: nam='cell smart restore from backup' ela= 766 cellhash#=2133459483 p2=0 p3=0 obj#=- 
WAIT #0: nam='cell smart restore from backup' ela= 167 cellhash#=379339958 p2=0 p3=0 obj#=-1  
WAIT #0: nam='cell smart restore from backup' ela= 199 cellhash#=213345948 p2=0 p3=0 obj#=-1 
WAIT #0: nam='cell smart restore from backup' ela= 19 cellhash#=213345948 p2=0 p3=0 obj#=-1  
WAIT #0: nam='cell smart restore from backup' ela= 226 cellhash#=379339958 p2=0 p3=0 obj#=-1  
WAIT #0: nam='cell smart restore from backup' ela= 127 cellhash#=213345948 p2=0 p3=0 obj#=-1 
WAIT #0: nam='cell smart restore from backup' ela= 110 cellhash#=213345948 p2=0 p3=0 obj#=-1 
WAIT #0: nam='cell smart restore from backup' ela= 177 cellhash#=379339958 p2=0 p3=0 obj#=-1  
WAIT #0: nam='cell smart restore from backup' ela= 160 cellhash#=213345948 p2=0 p3=0 obj#=-1 

Parameters 

TheonlyparameterusedforthiseventisP1,whichshowswhichcellwasresponsibleforgeneratingthe
event.

P1-Cellhashnumber

P2-Notused

P3-Notused
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Exadata Wait Events in the Other and Idle Classes 
Thesearerelativelyminoreventsthatoccurprimarilyduringstartupandshutdownofstoragecellsand
faultconditions.Youwillprobablynotseethemonnormallyfunctioningsystems.Thereisone
exceptiontothis,thecell smart flash unkeepevent.Table12.2liststhe“cell”waiteventsintheOther
classalongwiththeirparameters.Aseparatesectionwillcovercell smart flash unkeep.

Table 10-2. Miscelaneous Other and Idle Class Events 

Event Description 

cell manager cancel work request Thiseventisnotveryinformative,asallthreeoftheparameters
(P1,P2,P3)fromthev$session_waitviewareunused.

cell worker online completion Thisappearstobeastartupevent.Thecellhashnumberis
containedintheP1columnofthev$session_wait viewforthis
event.TheP2andP3columnsareunused.

cell worker retry ThecellhashnumberiscontainedintheP1columnofthe
v$session_waitviewforthisevent.TheP2andP3columnsare
unused.

cell worker idle TheP1,P2andP3columnsfromthev$session_waitvieware
unusedinthisidleevent.

cellsmartflashunkeep
ThiseventrecordsthetimespentwaitingwhenOraclemustflushblocksoutofExadataSmartFlash
Cache.ThiscanoccurwhenatablethathasastorageclausedesignatingthatitbepinnedinExadata
SmartFlashCacheistruncatedordropped.

Event Meaning 

Truncatinganddroppingtablesdoesn’tgenerallyhappenveryofteninmostproductionsystems(with
somenotableexceptions)andthereforethiswaiteventwillprobablynotbeseenveryoften.Here’san
excerptfroma10046tracefileshowingtheevent:

WAIT #4: nam='enq: RO - fast object reuse' ela= 393 name|mode=1380909062 2=65581 0=1 obj#=-1  
WAIT #4: nam='reliable message' ela= 1548 channel context=6712270872 channel handle=6696807856  
broadcast message=6741342984 obj#=-1 tim=1286218926420916 
WAIT #4: nam='enq: RO - fast object reuse' ela= 21027 name|mode=1380909 2=65581 0=1 obj#=-1  
WAIT #4: nam='ges message buffer allocation' ela= 2 pool=0 request=1 allocated=0 obj#=-1  
WAIT #4: nam='enq: RO - fast object reuse' ela= 159 name|mode=1380909057 2=65581 0=2 obj#=-1  
WAIT #4: nam='cell smart flash unkeep' ela= 336 cellhash#=379339958 p2=0 p3=0 obj#=-1  
WAIT #4: nam='cell smart flash unkeep' ela= 291 cellhash#=2133459483 p2=0 p3=0 obj#=-1  
WAIT #4: nam='cell smart flash unkeep' ela= 319 cellhash#=3176594409 p2=0 p3=0 obj#=-1  
WAIT #4: nam='cell smart flash unkeep' ela= 418 cellhash#=379339958 p2=0 p3=0 obj#=-1  
WAIT #4: nam='cell smart flash unkeep' ela= 1 cellhash#=2133459483 p2=0 p3=0 obj#=-1  
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WAIT #4: nam='cell smart flash unkeep' ela= 216 cellhash#=3176594409 p2=0 p3=0 obj#=-1  
WAIT #4: nam='cell smart flash unkeep' ela= 222 cellhash#=379339958 p2=0 p3=0 obj#=-1  
WAIT #4: nam='cell smart flash unkeep' ela= 196 cellhash#=2133459483 p2=0 p3=0 obj#=-1  
WAIT #4: nam='cell smart flash unkeep' ela= 216 cellhash#=3176594409 p2=0 p3=0 obj#=-1  

Notethatthecell smart flash unkeepeventisprecededbyahandfulofenq: RO – fast object 
reuseevents,whichareusedtomarktimeassociatedwithcleaningupthebuffercacheafteradropor
truncate.Thecell smart flash unkeepisbasicallyanextensionofthateventtocleanuptheExadata
Smartflashcacheonthestorageserveraswell.

Parameters 

TheonlyparameterusedforthiseventisP1,whichshowswhichcellwasresponsibleforgeneratingthe
event.

P1-Cellhashnumber

P2-Notused

P3-Notused

Old Events 
Inadditiontothenewcellevents,therearealsoafewnon-Exadata-specificwaiteventsthatyoushould
beawareof.TheseareeventsthatyoumayalreadybefamiliarwithfrommanagingOracleonother
platforms.TheyhappentoalsobeimportantinanExadataenvironment,sotheyrepresentcasesin
whichyourexistingknowledgeandskillcancarryoverandstandyouingoodsteadasyoumoveinto
managingExadata.

directpathread
DirectpathreadsareusedbyOracletoreaddatadirectlyintoPGAmemory(insteadofintothebuffer
cache).TheyareanintegralpartofExadataOffloadingbecauseSQLprocessingcanonlybeoffloadedto
thestoragecellswhenthedirectpathreadmechanismisused.Thedirect path readwaiteventis
actuallyreplacedbythecell smart table scanandcell smart index scanwaiteventswhenaqueryis
offloaded.However,thedirectpathreadmechanismisstillusedbythecodecoveredbythosenewwait
events.Thatis,eithertheplanmustincludeaparallelscanorOraclemustdecidetousetheserialdirect
pathreadmechanism.

Event Meaning 

ThiseventrecordstimethatOraclespendswaitingonadirectpathreadtocomplete.Youshouldknow
thatthedirectpathreadwaiteventcanbeverymisleading.Boththenumberofeventsrecordedandthe
timingsassociatedwiththemcanappeartobeinaccurate.Thisisduetothefactthatdirectpathreads
aredoneinanasynchronousandoverlappingfashion.SeeMOSnote50415.1forfurtherdetailsabout
whytimerecordedbythiseventcanbemisleading.Italsobearsmentioningthat11gR2containsan
enhancementthatcausesserialdirectpathreadstooccurmorefrequentlythaninpreviousreleases.See
MOSNote793845.1,whichbrieflymentionsthischange.
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Bytheway,thedirect path readwaiteventdoesstillshowupontheExadataplatformforvarious
operationsbutgenerallynotforfulltablescansunlessthetable(orpartitionisrelativelysmall).

Parameters 

Theparametersforthiseventshowyouexactlywhichsegment(obj)isscannedandwhichsetofblocks
werescannedduringthisevent.

P1-Filenumber

P2-FirstDBA

P3-Blockcount

obj#-Theobjectnumberofthetablebeingscanned

AsmentionedintheCellSmartTableScansection,theparameterscontainspecificinformation
aboutwhichfileandobjectarebeingaccessed.TheoffsetintothefileisalsoprovidedintheP2
parameter,alongwiththenumberofcontiguousblocksreadintheP3parameter.

enq:KO—fastobjectcheckpoint
Theenq:KOeventhasaverystrangename.Don’tbeputoffbythat.Theeventisessentiallyanobject 
checkpointevent.TheV$LOCK_TYPEviewdescribestheKOlockasfollows:

SYS@EXDB1> select type, name, description from v$lock_type 
  2* where type = 'KO'; 
 
TYPE  NAME                           DESCRIPTION 
----- ------------------------------ --------------------------------------------- 
KO    Multiple Object Checkpoint     Coordinates checkpointing of multiple objects 

Event Meaning  

Thiseventisusedwhenasessioniswaitingforalldirtyblockstobeflushedfromthebuffercacheforan
objectpriortostartingadirect path readorcell smart table scanorcell smart index scan.This
eventisimportantbecausethetimerequiredtodothecheckpointmayoutweighthebenefitofthe
directpathreads.ThisisunlikelyonExadatastorage,though,wheretheadditionalSmartScanbenefits
areonlyenabledbythedirectpathreadmechanism.

Parameters 

Theparametersforthiseventarenotoverlyhelpfulbuttheeventdoesshowwhichobjectisscanned.
Herearetheparameterdefinitions:

P1-Name/Mode

P2-Notused

P3-Notused

obj#-Theobjectnumberoftheobjectbeingcheckpointed
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reliablemessage
Thereliable messageeventisusedtorecordtimespentcommunicatingwithbackgroundprocesses,
likethecheckpointprocess(CKPT).Wehaveincludeditherebecauseofitscloseassociationwiththe
enq: KO – fast object checkpointevent.

Event Meaning  

Thiseventistheprecursortotheenq: KO – fast object checkpointevent(amongothers).The
communicationisdoneusinganinter-processcommunicationchannelratherthanamorenormalpost
mechanism.ThiscommunicationmethodallowsthesendertorequestanACKbeforeitcontinues,thus
thereasonitiscalledareliablemessage.Itisgenerallyaveryshortdurationeventasitonlyrecordstime
forcommunicatingbetweenprocesses.Boththeusersforegroundprocessandthechkptprocesswill
waitonthiseventastheycommunicatewitheachother.Here’sanexcerptofa10046tracefileshowinga
completereliablemessageevent:

PARSING IN CURSOR #46963980936744 len=50 dep=0 uid=0 oct=3 lid=0 tim=1301885220743528 
hv=3032626544 ad='2cf675ff0' sqlid='7y09dtyuc4dbh' 
select avg(pk_col) from kso.skew2 a where col1 > 0 
END OF STMT 
PARSE 
#46963980936744:c=1999,e=2122,p=0,cr=0,cu=0,mis=1,r=0,dep=0,og=1,plh=2117817910,tim=1301885220
743527 
WAIT #46963980936744: nam='reliable message' ela= 1360 channel context=11888341784 channel 
handle=12088585896 broadcast message=12089037216 obj#=75759 tim=1301885220745397 
WAIT #469: nam='enq: KO - fast object checkpoint' ela= 183 ... obj#=75759 tim=130 
WAIT #469: nam='enq: KO - fast object checkpoint' ela= 144 ... obj#=75759 tim=130 
WAIT #469: nam='enq: PS - contention' ela= 200 ... obj#=75759 tim=130 
WAIT #469: nam='os thread startup' ela= 58333 p1=0 p2=0 p3=0 obj#=75759 tim=130 
WAIT #469: nam='os thread startup' ela= 101705 p1=0 p2=0 p3=0 obj#=75759 tim=130 
WAIT #469: nam='enq: PS - contention' ela= 276 ... obj#=75759 tim=130 
WAIT #469: nam='os thread startup' ela= 102988 p1=0 p2=0 p3=0 obj#=75759 tim=130 
WAIT #469: nam='os thread startup' ela= 103495 p1=0 p2=0 p3=0 obj#=75759 tim=130 
WAIT #469: nam='enq: PS - contention' ela= 237 ... obj#=75759 tim=130 
WAIT #469: nam='os thread startup' ela= 102655 p1=0 p2=0 p3=0 obj#=75759 tim=130 
WAIT #469: nam='os thread startup' ela= 102329 p1=0 p2=0 p3=0 obj#=75759 tim=130 
WAIT #469: nam='enq: PS - contention' ela= 313 ... obj#=75759 tim=130 
WAIT #469: nam='os thread startup' ela= 102673 p1=0 p2=0 p3=0 obj#=75759 tim=130 

Parameters 

Herearetheparametersforthereliablemessageevent.

P1-channelcontext

P2-channelhandle

P3-broadcastmessage

obj#-Theobjectnumberoftheobjectofinterest(notalwaysset)
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Resource Manager Events 
Finally,thereareafewResourceManagereventsthatyoushouldbeawareof.Whilethesearenot
specifictoExadata,ResourceManagerprovideskeyfunctionalityforcombiningmixedworkloadson
Exadata.Thereareactuallyeightseparateeventsasofrelease11.2.0.2.Thefollowingqueryagainst
V$EVENT_NAMEshowstheseeventsandtheirparameters.

SYS@SANDBOX1> @valid_events 
Enter value for event_name: resmgr% 
 
EVENT                          CLASS           P1       P2                   P3 
------------------------------ --------------- -------- -------------------- ---- 
resmgr:internal state change   Concurrency     location 
resmgr:sessions to exit                        location 
 
resmgr:internal state cleanup  Other           location 
 
resmgr:become active           Scheduler       location 
resmgr:cpu quantum                             location  consumer group id 
resmgr:large I/O queued                        location 
resmgr:pq queued                               location 
resmgr:small I/O queued                        location 
 
8 rows selected. 

Thereareonlytwooftheseeventsthatareofinterest.

resmgr:cpuquantum
ThiseventisusedtorecordforcedidletimeimposedbyDatabaseResourceManager(DBRM)dueto
competitionwithhigherprioritywork.Saidanotherway,itisthetimeaprocessspentwaitingforDBRM
toallocateitatimeslice.

Event Meaning  

DBRMbehavesinananalogousmannertoCPUschedulingalgorithmsinthatitdividestimeintounits
(quantum)andeitherallowsaprocesstorunornotdependingonotherworkloadonthesystem.Unlike
CPUschedulingalgorithmsthough,DBRMthrottlingisinterjectedatkeylocationsintheOraclecodeto
eliminatethepossibilityofaprocessbeingkickedoffoftheCPUwhenitisholdingasharedresource
suchasalatch.Thispreventssomenastybehaviorthatmayoccuronheavilyloadedsystemssuchas
priorityinversionproblems.Ineffect,theprocessesvoluntarilygotosleepwhentheyarenotholding
thesesharedresources.Therearemultiplelocationsinthecodewherethesechecksareimplemented.
Here’sanexcerptofa10046tracefileshowingtheresmgr:cpu quantumevent:
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PARSING IN CURSOR #47046073104400 len=34 dep=0 uid=85 oct=3 lid=85 tim=1301275393323414  
hv=3308960238 ad='b3c9faf8' sqlid='c4js15z2mpfgf' 
select count(*) 
from kso.skew 
END OF STMT 
PARSE #470460:c=0,e=77,p=0,cr=0,cu=0,mis=0,r=0,dep=0,og=1,plh=937687140,tim=130 
EXEC #470460:c=0,e=49,p=0,cr=0,cu=0,mis=0,r=0,dep=0,og=1,plh=937687140,tim=130 
WAIT #470460: nam='SQL*Net message to client' ela= 4 driver id=1650815232 #bytes=1 ... 
WAIT #470460: nam='resmgr:cpu quantum' ela= 3457 location=3 consumer group id=75525 ... 
WAIT #470460: nam='resmgr:cpu quantum' ela= 68126 location=3 consumer group id=75525 ... 
WAIT #470460: nam='resmgr:cpu quantum' ela= 68046 location=3 consumer group id=75525 ... 
WAIT #470460: nam='resmgr:cpu quantum' ela= 108941 location=3 consumer group id=75525 ... 
WAIT #470460: nam='resmgr:cpu quantum' ela= 38234 location=3 consumer group id=75525 ... 
WAIT #470460: nam='resmgr:cpu quantum' ela= 103282 location=3 consumer group id=75525 ... 

Parameters 

Herearetheparametersforthisevent.Notethattheobj#parameterexistsbutisnotused.

P1-Location

P2-Consumergroupid

P3-Notused

obj#-NA

Thelocationparameterisanumericvaluethatmostlikelyreferstoalocation(function)intheOracle
code.Thereareatleast5distinctlocationsthatwehaveobserved.Unfortunately,Oracledoesnot
publiclydocumentwhereintheOraclekernelthesechecksareperformed.

TheconsumergroupnumberintheP2parameterisprettyself-explanatory.Itmapstothe
CONSUMER_GROUP_IDcolumnintheDBA_RSRC_CONSUMER_GROUPSview.Thisparameterallows
youtotellwhatconsumergroupaprocesswasassignedtowhenitsCPUusagewascurtailed.

resmgr:pqqueued
Thiseventisusedtorecordtimespentwaitingintheparallelqueryqueue.

Event Meaning  

Theparallelstatementqueuingfeaturecomeswithitsownwaitevent.Statementsthatarequeueddue
toinsufficientparallelserverprocessesorotherdirectivesclocktimetothisevent.Here’sanexcerptofa
10046tracefileshowingtheresmgr:pq queuedevent:

PARSING IN CURSOR #47898436021000 len=73 dep=0 uid=0 oct=3 lid=0 tim=1301966072332694 
hv=3186480617 ad='2cd2d1cb8' sqlid='bgcmmcyyyvpg9' 
select /*+ parallel (a 16) */ avg(pk_col) from kso.skew3 a where col1 > 0 
END OF STMT 
PARSE #478:c=2000,e=1572,p=0,cr=0,cu=0,mis=1,r=0,dep=0,og=1,plh=1404581711,tim=130 
WAIT #478: nam='resmgr:pq queued' ela= 65102047 location=1  =0  =0 obj#=523 tim=130 
WAIT #478: nam='enq: KO - fast object checkpoint' ela= 258 ... obj#=523  
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WAIT #478: nam='reliable message' ela= 2005 channel context=118 channel handle=120 ... 
obj#=523 
WAIT #478: nam='enq: KO - fast object checkpoint' ela= 156 ... obj#=523 ... 
WAIT #478: nam='PX Deq: Join ACK' ela= 772 sleeptime/senderid=268 passes=1 p3=120 obj#=523 ... 
WAIT #478: nam='PX Deq: Join ACK' ela= 932 sleeptime/senderid=268 passes=8 p3=120 obj#=523 ... 
WAIT #478: nam='PX Deq: Join ACK' ela= 2 sleeptime/senderid=0 passes=0 p3=0 obj#=523 ... 

Parameters 

Herearetheparametersfortheresmgr:pq queuedevent.

P1-Location

P2-Notused

P3-Notused

obj#-NA

Thelocationparameterisanumericvaluethatmostlikelyreferstoalocation(function)intheOracle
codeasdescribedaboveintheresmgr:cpu quantumevent.

Summary 
ThewaitinterfacehasbeenexpandedtocoverseveralExadata-specificfeatures.Inthischapterwe’ve
coveredthenewwaitevents.Byfarthemostinterestingoftheneweventsarecell smart table scan
andcell smart index scan.TheseeventscoverthetimespentwaitingonanoffloadableI/Orequestto
astoragecell.Thereisalotofprocessingthatoccursatthestoragelayerthatislumpedtogetherunder
theseevents.It’simportanttounderstandthattheseeventsreplacethedirect path readeventandthat
themechanismofreturningthedatadirectlytotheprocessPGAemployedbytheSmartScaneventsis
analogoustothewayitishandledbydirect path read.
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Understanding Exadata 
Performance Metrics 

OracleExadataisabigstepforwardfromthetraditionaldatabaseserverarchitecture;however,itisstill
runningthestandardOracleDatabasesoftware.Mostoftheusualdatabaseperformancerulesstill
apply,withtheadditionofsomethatrecognizetheadvantageofExadatafunctionalitylikeSmartScans,
celljoinfilteringandtheflashcache.InthischapterwewillcovertheExadata-specificand-related
performancetopics,metrics,andsomerelevantinternals.

ThankfullyOracle,bothatthedatabaselayerandincells,provideslotsofperformancemetricsfor
ouruse.However,whenlookingintoanymetric,youshouldknowwhyyouaremonitoringthisand
whatnumbersareyoulookingfor.Inotherwords,howdoyouknowwheneverythingisOKandno
actionisneeded,andwhenthingsarebadandactionisneeded?Andinordertoavoidwastingefforton
fixingthewrongproblem,wereallyneedto measurewhat matters!Fordatabaseperformance,nothing
mattersmorethanresponse time,theactualtimetheenduser(orconnectedsystem)hastowaitforthe
response.Soifwewanttomakesomethingfasterinthedatabase,weshouldfocusonmeasuringand
thenoptimizingtheresponsetime.Alltheothermetricsandindicators,likethenumberofI/Osorcache
hits,aresecondary.Endusers,whoarewaitingfortheirreport,careaboutthetimetheyhavetowait
only,notsecondarymetricslikeCPUutilizationorI/Orate.Nevertheless,oftenthesesecondarymetrics
becomeveryusefulforunderstandingandexplainingperformanceissues.

Thekeymetricsforbreakingdowndatabaseresponse timearetheOraclewaitinterface’swait
events.ThewaiteventsarediscussedinChapter10,andwewilllookintoperformancemonitoringtools
thatmakeuseoftheminthenextchapter.However,thereareadditionalusefulmetricsExadata
provides,suchasthenumberofbytesofdatareturnedbysmartscansandtheactualamountofI/O
avoidedthankstostorageindexes,andsoon.Suchmetricsgiveveryimportantadditionalinfoabout
what’shappeninginthedatabaseandstoragecellsduringSQLexecution.Inthischapterwewill
examinethesemetrics,andyou’lllearnhowtogetthemandwhattheymean.Evenifyouarenot
interestedinknowingwhateachmetricmeans,westillrecommendyoureadthischapter,asitexplains
someimportantinternalsanddesigndecisionsbehindExadata.

Theinformationinthischaptershouldgiveyouagoodunderstandingaboutsomekeyinternal
workingsofExadatadatabasesandcellsandprepareyouforthenextchapter,wherewewillputthis
knowledgetousewhenmonitoringandtroubleshootingExadataperformance.

Measuring Exadata’s Performance Metrics 
BeforewestartlookingatExadata-specificperformancemetrics,let’sexaminesomeinternalsand
reviewsomekeyelementsofExadata-specificfeaturesandmetrics.Onemustunderstandwhatthe
performancenumbersactuallystandforbeforetryingtomonitororoptimizeanythingwiththisinfo.
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BynowyouknowthatExadatadatabasenodesdon’tdophysicaldiskI/Othemselves,butaskthe
cellstodotheI/Oforthem.Inthecaseofsmartscans,thecellserverswillalsoprocesstheblocksread,
extracttheircontents,filterrows,andsoon.Soconceptually,thecellsarekindofablackboxwhen
viewedfromdatabaselayerside.Thedatabaselayerjustrequestssomeblocksofdata,andthecellsdo
thephysicalI/Oworkunderthehoodandreturntherequestedcolumnsofmatchingrows.Luckily,
OracleExadataarchitectsanddevelopershaveputdecentinstrumentationintocells,sothecellskeep
trackofhowmuchworktheyhavedoneandimportantly,theycanalsosend the metrics backto the 
database layer alongtheresults.Thisallowsus—DBAs,developers,andtroubleshooters—tohavean
end-to-endoverviewofwhathappenedinthedatabaseandthecellswhenservicingauser’srequestor
runningaquery.

Forexample,whenaqueryisexecutedviaSmartScan,youwillstillseestatisticslikephysical_reads
whenyouqueryV$SQLSTATSinthedatabaselayer,eventhoughthedatabaselayeritselfdidn’tdoany
physicalreadsdirectly.Anotherexampleisthecell physical IO bytes saved by storage indexstatistic,
whichiscountedinthecelllevelandnotinthedatabase.Thesenumbersarevisibleinthedatabase
layerthankstocellssendingbackusefulperformancemetricsinadditiontothedataqueried.

InadditiontothestandardOracleperformancetools,we’llusetwocustom-builttoolsinthisand
thenextchapter.Theyaremoresuitableforflexibleandadvancedperformanceanalysisandallowyou
togobeyondthestandardwaiteventsandSQLstatementlevelstatistics.Thefirsttool,OracleSession
Snapper,isascriptcontainingjustananonymousPL/SQLblock,whichmeasuresdetailedperformance
metricsfromV$SESSION,V$SESSION_EVENT,V$SESS_TIME_MODEL,V$SESSTAT,andsoon.Thelast
performanceview,V$SESSTAT,isespeciallyimportantforadvancedperformanceanalysis—itcontains
hundredsofdynamicperformancecounters(over600inOracle11.2.0.2)foreachsessioninthe
instance.Inadditiontotheusualmonitoringusingwaitevents,divingintoV$SESSTATgivesusamuch
betterideaofwhatkindofworkOraclesessionsaredoing,suchashowmanyI/Orequestspersecond
theyaredoing,howmanyfullsegmentscanspersecond,howmanymigrated/chainedrowshadtobe
fetchedduringascan,andsoon.

Revisiting the Prerequisites for Exadata Smart Scans 
InthissectionwewilllookatthevariousmetricsOracleDatabasekernel’sinstrumentationprovidesus.
WewillnotgointothedetailsofExadatawaiteventshere,asthesearealreadyexplainedChapter10.We
willreviewhowtousethesewaiteventsforunderstandingdatabaseperformance,andyoumayfind
someoftheoffloadingandSmartScanmaterialalreadyfamiliarfromChapter2,butit’simportantto
reviewsomeoftheconceptshere,inthecontextofmonitoringandtroubleshootingExadata
performance.

Becausetheprimaryperformanceboosterfordatawarehousingandreportingworkloadsisthe
ExadataSmartScan,andforOLTPworkloadsitistheuseofExadataSmartFlashCache,wewillseefirst
howtomeasurewhetheryourworkloadisbenefittingfromthesefeatures.Wewillusethisknowledgeas
buildingblocksforlaterdatabaseandqueryperformancemonitoring.


ExadataSmartScanPerformance
Let’sstartwithSmartScanmetrics.Beforewetalkaboutanymetrics,let’sreviewhowthedecisiontodo
aSmartScanismadeinOracle.NotethataSmartScancanbeusedonregulartablesegmentsandalso
onmaterializedviewsegments–whicharephysicallynodifferentfromregulartables.SmartScanscan
alsobeusedforfullscanningthroughB*Treeindexsegments(indexfastfullscan)andalsobitmapindex
segments(bitmapindexfastfullscan).Scanningthroughindexsegmentsusingthe“bruteforce”
multiblockreadsapproachisverysimilartofulltablescans.Themajordifferenceisthatinsideindex
segmentstherearealsoindexbranchblocks,whichhavetobeskippedandignored,inadditiontoASSM
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bitmapblocks,whichhavetobeskippedbothintableandindexscans.Smartscansonpartitionsand
subpartitionsoftablesandindexesareinternallynodifferentfromscansonnonpartitionedobjects(a
partitionedsegmentisjustabunchofsmallersegments,groupedundertheirlogicalparenttableor
indexobject).RememberthattheSmartScanscanscanavarietyofsegments.

Regardlessofsegmenttype,aSmartScanalwaysrequiresdirectpathreadstobechosenbytheSQL
executionengineduringruntime(thisisnotanoptimizerdecision).Sowhentroubleshootingwhya
SmartScanwasnotused,youwillhavetofirstcheckwhetherdirectpathreadswereusedornot.You
shouldchecktheexecutionplanfirst,toseewhetherafullscanisreportedthereatall.Hereyousee
simpleexamplesshowingfullsegmentscanshappeningondifferentsegmenttypes:



SELECT AVG(line) FROM t WHERE owner LIKE 'S%' 
 
----------------------------------------------------------------------------------- 
| Id  | Operation                  | Name | Rows  | Bytes | Cost (%CPU)| Time     | 
----------------------------------------------------------------------------------- 
|   0 | SELECT STATEMENT           |      |       |       |   295K(100)|          | 
|   1 |  SORT AGGREGATE            |      |     1 |    11 |            |          | 
|*  2 |   TABLE ACCESS STORAGE FULL| T    |  5743K|    60M|   295K  (1)| 00:59:01 | 
----------------------------------------------------------------------------------- 
 
Predicate Information (identified by operation id): 
--------------------------------------------------- 
 
   2 - storage("OWNER" LIKE 'S%') 
       filter("OWNER" LIKE 'S%') 

Notethatthe“STORAGE”intheTABLE ACCESS STORAGE FULLlineheredoesnot meanthatOracleis
attemptingtodoaSmartScan.ThiswordmerelysaysthatOracleknowsthatthissegmentisresidingon
astoragecell,notsomethingelselikeanNFSmountoriSCSIdevice,andisusingthetablescan
codepathcapable of performingaSmartScan.WhetheraSmartScanisactuallyuseddependson
multipleotherfactors,whichwerediscussedinChapter2andwillbealsodemonstratedhere.Also,
Smart Scanisabroadterm,coveringfiltration(whichmaybeabletotakeadvantageofstorageindexes),
columnprojection,decompressionofHCC-compressedcompressionunitsandhashjoinearly
eliminationwithbloomfilters—alldoneinthecells.Evenifyouarenottakingadvantageofthefilter
predicateoffloadingtostorage(filtration),thecellsmaybeabletoreducetheamountofdatareturned
tothedatabase.IfSmartScanisused,thenthecolumnprojectionisdoneinthecells,andtheyreturn
onlytherequiredcolumnsinsteadofentireblockscontainingthefull-lengthrows.

Inaddition,itisimportanttocheckwhetherastorage()predicateisshowninthe“Predicate
Information”sectionbelowtheexecutionplan.Thisisagoodindicatorofwhethertheexecutionplanis
capable ofdoingaSmartScan’spredicateoffload(smartfiltration).Unfortunately,thisdoesn’tmean
thataSmartScanpredicateoffloadwasactuallyattempted.Therearecaseswhereeventhepresenceofa
storage()predicatedoesn’tguaranteethatapredicateoffloadwilltakeplace.(ThisiswhereOracle
performancemetricswillbehelpful,butmoreaboutthemshortly.)Insummary,afullsegmentscan
accesspathwiththeSTORAGEkeywordandthestorage()predicatemustbepresentintheexecutionplan
inorderforittobe capable of doingaSmartScan’spredicateoffloadatall.IfyoudoseetheSTORAGElines
inexecutionplan,butnostorage()predicatesunderit,thenpredicateoffloadwon’tbeevenattempted,
butyoustillmaybenefitfromcolumnprojectionoffload,inwhichonlytherequiredcolumnsare
returnedbycells.Youwillprobablyseemultiplestoragepredicates(andfullscanoperations)inreal-life
queryplans,asyou’llbedoingmulti-tablejoins.

Insummary,ifyouseetheSTORAGEoptionandstorage()predicateinanexecutionplan,itis
capableofdoingaSmartScananditspredicateoffloadinprinciple,butit’snotguaranteedthataSmart
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Scanhappenseverytimeyourunthequery.Ontheotherhand,ifyoudonotseea STORAGEkeywordin
theexecutionplan,thenthere’snowayaSmartScancouldhappenonacorrespondingsegmentina
givenexecutionplanstep.Whenthere’snoSTORAGEkeywordintheexecutionplanline,itmeansthat
thisrowsourceoperatorisnotcapableofusingthesmartfeaturesofthestoragecells,andsowon’tbe
abletopushanystorage()predicatesintothecelleither.

SmartScanscanbedoneonmaterializedviewsegments,too;amaterializedviewsegmentis
physicallyexactlythesameasanyregulartable:

 
select count(*) from mv1 where owner like 'S%' 
 
-------------------------------------------------------------------- 
| Id  | Operation                     | Name | E-Rows | Cost (%CPU)| 
-------------------------------------------------------------------- 
|   0 | SELECT STATEMENT              |      |        |   139K(100)| 
|   1 |  SORT AGGREGATE               |      |      1 |            | 
|*  2 |   MAT_VIEW ACCESS STORAGE FULL| MV1  |   2089K|   139K  (1)| 
-------------------------------------------------------------------- 
 
Predicate Information (identified by operation id): 
--------------------------------------------------- 
 
   2 - storage("OWNER" LIKE 'S%') 
       filter("OWNER" LIKE 'S%') 

FollowingaretwoexampleswhereSmartScanscanbeattempted.Thefirstiswhenscanning
througharegularB*Treeindexsegment:

SELECT /*+ INDEX_FFS(t2) */ AVG(LENGTH(owner)) FROM t2 WHERE owner LIKE'S%' 
 
--------------------------------------------------------------------- 
| Id  | Operation                     | Name  | E-Rows | Cost (%CPU)| 
--------------------------------------------------------------------- 
|   0 | SELECT STATEMENT              |       |        |  5165 (100)| 
|   1 |  SORT AGGREGATE               |       |      1 |            | 
|*  2 |   INDEX STORAGE FAST FULL SCAN| T2_I1 |    597K|  5165   (2)| 
--------------------------------------------------------------------- 
 
Predicate Information (identified by operation id): 
--------------------------------------------------- 
 
   2 - storage("OWNER" LIKE 'S%') 
       filter("OWNER" LIKE 'S%') 

Thesecondscansabitmapindexsegment:

SELECT /*+ INDEX_FFS(t1) */ AVG(LENGTH(owner)) FROM t1 WHERE owner LIKE'S%' 
 
Plan hash value: 3170056527 
 
----------------------------------------------------------------------------------- 
| Id  | Operation                             | Name        | E-Rows | Cost (%CPU)| 
----------------------------------------------------------------------------------- 
|   0 | SELECT STATEMENT                      |             |        |   505 (100)| 
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|   1 |  SORT AGGREGATE                       |             |      1 |            | 
|   2 |   BITMAP CONVERSION TO ROWIDS         |             |    597K|   505   (0)| 
|*  3 |    BITMAP INDEX STORAGE FAST FULL SCAN| BI_T1_OWNER |        |            | 
----------------------------------------------------------------------------------- 
 
Predicate Information (identified by operation id): 
--------------------------------------------------- 
 
   3 - storage("OWNER" LIKE 'S%') 
       filter("OWNER" LIKE 'S%') 

Inbothcasesyouseethatthesegmentswerescannedusingafast full scan,whichisjustlikeafulltable
scanontheindexsegments,andthepresenceoftheSTORAGEoptionandstorage()predicatesonthefull
scanoperationsshowsthataSmartScanpredicateoffloadcanbeattempted.

Youmaywonderwhywekeepsaying,“SmartScanpredicateoffloadcanbeattempted.”It’sbecause
therearecaseswheretheSmartScaneitherdoesn’treallygetusedorisstartedbutdoesnotcomplete
duringruntime.Yes,theexecutionplanstructureiscapableofusingaSmartScan,butwhetherthe
SmartScanisactuallyexecuteddependsfirstonwhetheradirectpathreadischosentoscanthe
segmentornot.We’vetalkedaboutthisearlierinthischapterandalsoinChapter2,onSmartScan,and
Chapter6,onparallelexecution.Moreover,evenifadirectpathreadischosenandaSmartScanis
executed,thensomewhereduring(oratthebeginningof)SmartScanexecution,adifferentdecision
maybemade.Thisdependsonmultiplefactors,andwewillcoversomeofthemhere.Luckily,in
additiontoexaminingtheexecutionplan,wecanlookatadditionalmetricstoseewhat’sreally
happeningunderthehood.

WecantrytoachieveaSmartScanonanIndex-OrganizedTable(IOT)segmentfirsttoseehow
valuabletheadditionalOraclemetricsare.NotethatasofthecurrentOracleversion(Database11.2.0.2/
Cell11.2.2.3.2),OraclehasnotimplementedSmartScanfunctionalityonIndexOrganizedTable
segmentsyet,sothat’swhythisisagoodexampleforpracticingusingtheSmartScan-relatedmetrics.

Checktheexecutionplanshownhere;itisfromaqueryusinganindex fast full scanonanIndex-
OrganizedTable’sindexsegment:
 
SELECT AVG(LENGTH(owner)) FROM t_iot WHERE owner LIKE '%S%' 
 
Plan hash value: 1722440769 
 
---------------------------------------------------------------- 
| Id  | Operation             | Name     | E-Rows | Cost (%CPU)| 
---------------------------------------------------------------- 
|   0 | SELECT STATEMENT      |          |        |  2101 (100)| 
|   1 |  SORT AGGREGATE       |          |      1 |            | 
|*  2 |   INDEX FAST FULL SCAN| PK_T_IOT |  31493 |  2101   (1)| 
---------------------------------------------------------------- 
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Predicate Information (identified by operation id): 
--------------------------------------------------- 
 
   2 - filter("OWNER" LIKE '%S%') 
 
Unlikeinplanslistedearlier,thereisnoSTORAGEoptionlistedintheexecutionplanrowsource(line2),
andthereisnostorage()predicate,indicatinganopportunitytopushafilterpredicatetothestorage
cells.ThisplanisnotcapableofusinganySmartScanfunctionality;itwilldogoodoldblockI/O.
LookingatadditionalExadataandcellmetricsisn’treallynecessary,astheexecutionplanitselfshows
thatitdoesn’tevenuseaSmartScan-compatiblerowsourcecodepath.

UnderstandingExadataSmartScanMetrics
andPerformanceCounters
OnceyouhavemadeanOracleexecutionplanusethestorage-awarerowsources,youstillcannotbe
sureaboutwhetheraSmartScanreallyisattemptedandworksasyouexpect.

Onewaytodeterminewhat’shappeningisjustlookingatthewaiteventsyoursessioniswaitingfor:

• CPU usage only:Thisseemstomeanthatabuffereddataaccessisused(notdirect
path),asyouwon’tseeI/Owaiteventsifyoureadthroughbuffercacheandallthe
datahappenstobecached.

• cell multiblock physical read:Apparentlymultiblockreadsareused(lookslikea
fullsegmentscan),butmultiblockreadwaitscanbereportedalsoforLOBand
SecureFilereadoperations,whereincaseofLOBs,theLOBchunksizeisbigger
thantheblocksize.Otherwise,single-blockreadswouldbereportedforLOB
access.

• cell single block physical read:– Apparentlysingleblockreadsareused.Ifthese
aretheonlyI/Owaiteventsyousee(andnottogetherwithmultiblockreads)then
itappearsyouarenotusingafullsegmentscanatall.Ofcourse,sometimessingle
blockreadsshowupduetootheroperationsintheexecutionplan(likesome
indexrangescan)orduetochainedrowsindatablocks.

Ifyouseeregular“cellmultiblockphysicalread”waiteventsincrementedinyoursession,then
directpathreadswerenotused.Thismayhappenmainlyforseriallyexecutedoperations,asifyouare
usingparallel_degree_policy = MANUALorLIMITED,ParallelExecutionslaveswillalwaysdodirectpath
readscans,whichwillthenbeoffloadedandexecutedasSmartScans.Nevertheless,whenyouareusing
thenewautomaticparalleldegreepolicy(parallel_degree_policy = AUTO),Oraclemaydecidetouse
readsthroughbuffercacheevenforparalleloperations.

Inadditiontotheseissues,therearemorereasonsandspecialcaseswhereSmartScansjustsilently
aren’tusedorfallbacktoregularblockI/Omode—potentiallymakingyourqueriesandworkload
slowerthanyou’dexpect.LuckilyOracleisverywellinstrumentedandwecanmeasurewhatisreally
happeninginthedatabaseandalsothestoragecells.

Exadata Dynamic Performance Counters 
WhiletheOraclewaitinterface’swaiteventsprovideuscrucialinformationaboutwherethedatabase
responsetimeisspent,theExadatadynamicperformancecountersdotakeusonestepfurtherand
explainwhatkindofoperationsortaskstheOraclekernelisperforming—andhowmanyofthem.Wait
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eventsandperformancecounterscomplementeachotherandshouldn’treallybeusedalone.Oracle
dynamicperformancecountersarealsoknownasV$SESSTATor V$SYSSTATstatistics(orcounters),as
theseviewsareusedforaccessingthem.

WhenandHowtoUsePerformanceCounters
Whentroubleshootingperformance,oneshouldalwaysstartfromwaiteventsandSQL_ID-levelactivity
measurements(astheykeeptrackofthetime, whichenduserscareabout)andifadditionaldetailis
needed,thenproceedtoperformancecounters.Ifthesestandardmetricsarenotenough,the
performancecountersprovideaverydetailedinsightintowhatOraclesessionsaredoing.Forexample,
ifyoursessionseemstobeburninglotsofCPU,youcanseewhetherthesession logical reads orparse 
count (hard)countersincreaseforasessionmorethannormally.Orifyouseesomeunexpectedsingle-
blockreadsduringafulltablescan,youcancheckwhetherthetable fetch continued row orsome
statisticlikedata blocks consistent reads – undo records applied increases,whichindicateeithera
chained/migratedroworconsistentread(CR)buffercloningplusrollbackoverhead.Anotheruseful
metricisuser commits,whichgivesyouanunderstandingofhowmanydatabasetransactionsaredone
insideaninstance(orinchosensessions).Sothenexttimeasessionseemstobewaitingforalog file 
sync waitevent,youcancheckitsuser commitscountervaluefromV$SESSTAT,toseehowfrequentlythis
sessioniscommittingitswork.Thefollowingexcerptisjustasmallexampleofthekindofstatistics
Oracleprovides:

SQL> SELECT name, value FROM v$sysstat WHERE name like 'parse%'; 

NAME                                                                  VALUE 
---------------------------------------------------------------- ---------- 
parse time cpu                                                       154960 
parse time elapsed                                                   196194 
parse count (total)                                                11530118 
parse count (hard)                                                    30010 
parse count (failures)                                                 9536 
parse count (describe)                                                  416 

Dynamicperformancecountersprovideimportantclues,whichallowustodirectour
troubleshootingeffortsbetter.NotethattoolslikeStatspackandAWRreportsrelyheavilyonV$SYSSTAT
counters.Theyjuststorevaluesfromtheseever-increasingnumbers(sinceinstancestart)intheir
repositorytables.SowheneveryourunaStatspack/AWRreport,justdeltasbetweenvaluesinchosen
snapshotsarereported.StatspackandAWRreportsareallaboutshowingyoudeltasbetweenV$SYSSTAT
(andotherviews)numbersfromdifferentsnapshotsoftime.

Oracleaddsnewcountersintoeverynewdatabaseversion.Sometimesnew(debug)countersare
introducedevenwithnewpatchsets.Oracle11.2.0.2has628differentperformancecountersin
V$SYSSTAT:

SQL> SELECT COUNT(*) FROM v$sysstat; 
 
  COUNT(*) 
---------- 
       628 

That’salotofinformation!



CHAPTER11UNDERSTANDINGEXADATAPERFORMANCEMETRICS

352

WhiletheV$SYSSTATviewisfineformonitoringandtroubleshootinginstance-wideperformance
(likeAWRandStatspackreportsdo),itsproblemisthatyoucan’ttroubleshootasinglesession’s
problemwithsystem-widestatistics,whichaggregateallyour(potentiallythousandsof)sessions’
metricstogetherintoonesetofcounters.That’swhyOraclealsohasV$SESSTAT,whichkeepstrackofall
these600+countersforeachsessionseparately!Everysinglesessionintheinstancehasitsown600+
performancecounters,keepingtrackofonlyitsactivity.Thisisagoldmine,aswhenonlyafewsessions
(orusers)haveaproblemintheinstance,wecanmonitoronlytheiractivityandwon’tbedistractedby
alltheotherusers’noiseinthedatabase.

Assaidearlier,V$SYSSTATaccumulatesinstance-wideperformancecounters;theystartfromzero
andonlyincreasethroughouttheinstancelifetime.MostoftheV$SESSTATcountersalwaysincrease
(cumulativestatistics)withsomeexceptions,likelogons currentandsession pga/uga memory.Inany
case,whenexaminingthecountervalues,youshouldnotjustlookatthecurrentvalueofacounter,
especiallyifyoursessionhasbeenloggedonforawhile.Theproblemisthatevenifyouseeabig-
lookingnumberforsomecounterinV$SESSTATofalong-runningconnectionpool’ssession,howdoyou
knowwhatportionofthatwasincrementedoraddedtoday,rightnow,whenyouhavetheproblem,as
opposedtoafewweeksagowhenthatsessionloggedon?Inotherwords,whentroubleshootinga
problemhappeningrightnow,youshouldlookatperformanceforrightnowonly(andasimilarrule
applieswhentroubleshootingissuesofthepast).

ThisiswhycoauthorTanelPoderhaswrittenalittlehelpertoolcalledOracleSessionSnapper,
whichallowsitsusertoeasilydisplaythesessions’currentactivityfromV$SESSTATandvariousother
sessionlevelperformanceviews.Animportantthingaboutthistoolisthatit’sjustananonymous
PL/SQLblock,parsedonthefly—itdoesn’trequireanyinstallationnorDDLprivilegeswhatsoever.The
currentSnapperversionisavailableonlineatExpertOracleExadata.com.Followingisoneexampleof
howtorunSnappertomeasureSID403’sactivity(forasingle5-secondinterval).ReadtheSnapper
headerforinstructionsanddetaileddocumentation.

SQL> @snapper ash,stats 5 1 403 

Sampling SID 403 with interval 5 seconds, taking 1 snapshots... 

 

-- Session Snapper v3.52 by Tanel Poder @ E2SN ( http://tech.e2sn.com ) 
 
------------------------------------------------------------------------------------------ 
 SID, USER  , TYPE, STATISTIC                                                 ,     HDELTA 
------------------------------------------------------------------------------------------ 
 403, TANEL , STAT, session logical reads                                    ,      1.34M 
 403, TANEL , STAT, user I/O wait time                                        ,        411 
 403, TANEL , STAT, non-idle wait time                                        ,        411 
 403, TANEL , STAT, non-idle wait count                                       ,      8.11k 
 403, TANEL , STAT, physical read total IO requests                        ,     10.53k 
 403, TANEL , STAT, physical read total multi block requests                  ,     10.53k 
 403, TANEL , STAT, physical read total bytes                              ,     11.03G 
 403, TANEL , STAT, cell physical IO interconnect bytes                       ,       1.6M 
 403, TANEL , STAT, consistent gets                                           ,      1.35M 
 403, TANEL , STAT, consistent gets direct                                    ,      1.35M 
 403, TANEL , STAT, physical reads                                            ,      1.35M 
 403, TANEL , STAT, physical reads direct                                     ,      1.35M 
 403, TANEL , STAT, physical read IO requests                                 ,     10.52k 
 403, TANEL , STAT, physical read bytes                                       ,     11.02G 
 403, TANEL , STAT, file io wait time                                         ,    530.73k 
 403, TANEL , STAT, cell physical IO bytes eligible for predicate offload     ,     11.03G 

http://tech.e2sn.com
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 403, TANEL , STAT, cell physical IO interconnect bytes returned by smart scan,       1.6M 
 403, TANEL , STAT, cell blocks processed by cache layer                      ,      1.35M 
 403, TANEL , STAT, cell blocks processed by txn layer                        ,      1.35M 
 403, TANEL , STAT, cell blocks processed by data layer                       ,      1.35M 
 403, TANEL , STAT, cell blocks helped by minscn optimization                 ,      1.35M 
 403, TANEL , STAT, cell IO uncompressed bytes                                ,     11.05G 
 403, TANEL , WAIT, cell smart table scan                                     ,      4.07s 
--  End of Stats snap 1, end=2011-04-03 19:07:36, seconds=5 
 
--------------------------------------------------------------------------------- 
Active% | SQL_ID          | EVENT                               | WAIT_CLASS 
--------------------------------------------------------------------------------- 
    95% | b7z0fth0asbbt   | cell smart table scan               | User I/O 
     5% | b7z0fth0asbbt   | ON CPU                              | ON CPU 
 
--  End of ASH snap 1, end=2011-04-03 19:07:36, seconds=5, samples_taken=42 

Thisoutputshowsthatduringthe5-secondmonitoringtime,thesession403did1.34millionlogical
reads,anditread11.03GBofdatausingabout10530multiblockreadI/Orequests(largenumbersare
convertedintohumanfriendlyapproximationshere,butSnappercanalsoprintoutexactfigures).

ThenextexampleshowshowyoucanuseSnapperonaparallelquery.Noticetheqc=403 option,
whichtellsSnappertocapturestatsforallPXslavesofQueryCoordinatorSID403.Alsonoticethe
sincludeoption,whichallowsyoutolistonlythemetricsofinterestusingaregularexpression:

SQL> @snapper ash,stats,gather=s,sinclude=physical.*total.*bytes|cell.*scan 5 1 qc=403 

Sampling SID qc=403 with interval 5 seconds, taking 1 snapshots... 

 

-- Session Snapper v3.52 by Tanel Poder @ E2SN ( http://tech.e2sn.com ) 
 
------------------------------------------------------------------------------------------ 
 SID, USER  , TYPE, STATISTIC                                                   ,   HDELTA 
------------------------------------------------------------------------------------------ 
  12, TANEL , STAT, physical read total bytes                                  ,    2.86G 
  12, TANEL , STAT, cell physical IO interconnect bytes returned by smart scan  ,   411.16k 
  12, TANEL , STAT, cell scans                                                  ,        2 
  55, TANEL , STAT, physical read total bytes                                   ,    3.05G 
  55, TANEL , STAT, cell physical IO interconnect bytes returned by smart scan, 443.54k 
  55, TANEL , STAT, cell scans                                                   ,       3 
 113, TANEL , STAT, physical read total bytes                                    ,   2.97G 
 113, TANEL , STAT, cell physical I/O interconnect bytes returned by smart scan  ,  432.29k 
 113, TANEL , STAT, cell scans                                                   ,       3 
 159, TANEL , STAT, physical read total bytes                                    ,   2.63G 
 159, TANEL , STAT, cell physical I/O interconnect bytes returned by smart scan  ,  381.37k 
 159, TANEL , STAT, cell scans                                                   ,       2 
--  End of Stats snap 1, end=2011-04-03 19:57:35, seconds=6 
 

http://tech.e2sn.com
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--------------------------------------------------------------------------------- 
Active% | SQL_ID          | EVENT                               | WAIT_CLASS 
--------------------------------------------------------------------------------- 
   393% | b4kvh3sqsttkw   | cell smart table scan               | User I/O 
     7% | b4kvh3sqsttkw   | ON CPU                              | ON CPU 
 
--  End of ASH snap 1, end=2011-04-03 19:57:35, seconds=5, samples_taken=44 

ThisoutputshowsthatthereareapparentlyfourdifferentPXslavesessions(noticetheSIDcolumn)that
havedonephysicalreadsduringthe5-secondSnapperrun.Thephysical read total bytestellsusthat
eachslavehasreadbetween2.63and3.05GBworthofdatablocksfromdatafilesduringthe5-second
Snapperrun,usingcellsmartscan,becausethecell scansstatistichasincreasedforeachslave.
Moreover,thefactthatcell physical I/O interconnect bytes returned by smart scanisalsonon-zeromeans
thatacellsmartscanwasusedandcellsrvprocessesreturnedsomedatatothedatabaselayer.Note
thatonlyaround381–443KBofdatawasreturnedtothedatabaselayer,whilecellsscannedthrough
gigabytesofblocksfortheir“master”PXslavesessions.ThisistheSmartScanatitsbest—parallelbrute
forcescanningincellsatextremespeeds—andreturnonlyasmallproportionofmatchingdatatothe
databaselayer.

TheMeaningandExplanationofExadataPerformanceCounters
Now,it’stimetoexplorethemeaningofperformancecounters.Nomatterhowprettythechartsor
picturesaperformancetooldrawsusingthesemetrics,ifyoudon’tknowwhattheyactuallymean,they
willbeuselessfortroubleshooting.InthisbookwewillcovermostlyExadata-specificstatisticsandafew
closelyrelatedones.YoucanfindmoreinfoaboutsomecommonperformancecountersinAppendixE:
“StatisticsDescriptions,”inOracle Database Reference guide 11g Release 2 (11.2),currentlylocatedat

http://download.oracle.com/docs/cd/E14072_01/server.112/e10820/stats.htm
.

Here’sascriptthatlistsallstatisticsrelatedtostoragecellsfromv$statname,withthestatisticclass,
whichindicatesthepurposesforwhichOraclekernelengineershaveexpectedtousethesecounters:

SQL> SELECT 
  2      name 
  3    , TRIM( 
  4        CASE WHEN BITAND(class,  1) =   1 THEN 'USER  ' END || 
  5        CASE WHEN BITAND(class,  2) =   2 THEN 'REDO  ' END || 
  6        CASE WHEN BITAND(class,  4) =   4 THEN 'ENQ   ' END || 
  7        CASE WHEN BITAND(class,  8) =   8 THEN 'CACHE ' END || 
  8        CASE WHEN BITAND(class, 16) =  16 THEN 'OSDEP ' END || 
  9        CASE WHEN BITAND(class, 32) =  32 THEN 'PARX  ' END || 
 10        CASE WHEN BITAND(class, 64) =  64 THEN 'SQLT  ' END || 
 11        CASE WHEN BITAND(class,128) = 128 THEN 'DEBUG ' END 
 12       ) class_name 
 13  FROM 
 14      v$statname 
 15  WHERE 
 16      name LIKE '%cell%' 
 17  ORDER BY 
 18*     name 
SQL> / 
 

http://download.oracle.com/docs/cd/E14072_01/server.112/e10820/stats.htm
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NAME                                                             CLASS_NAME  
---------------------------------------------------------------- --------------- 
cell CUs processed for compressed                                SQLT 
cell CUs processed for uncompressed                              SQLT 
cell CUs sent compressed                                         SQLT 
cell CUs sent head piece                                         SQLT 
cell CUs sent uncompressed                                       SQLT 
cell IO uncompressed bytes                                       SQLT 
cell blocks helped by commit cache                               SQLT 
cell blocks helped by minscn optimization                        SQLT 
cell blocks processed by cache layer                             DEBUG 
cell blocks processed by data layer                              DEBUG 
cell blocks processed by index layer                             DEBUG 
cell blocks processed by txn layer                               DEBUG 
cell commit cache queries                                        SQLT 
cell flash cache read hits                                       CACHE 
cell index scans                                                 SQLT 
cell num active smart IO sessions                                SQLT 
cell num fast response sessions                                  SQLT 
cell num fast response sessions continuing to smart scan         SQLT 
cell num smart IO sessions in rdbms block IO due to big payload  SQLT 
cell num smart IO sessions in rdbms block IO due to no cell mem  SQLT 
cell num smart IO sessions in rdbms block IO due to user         SQLT 
cell num smart IO sessions using passthru mode due to cellsrv    SQLT 
cell num smart IO sessions using passthru mode due to timezone   SQLT 
cell num smart IO sessions using passthru mode due to user       SQLT 
cell num smart file creation sessions using rdbms block IO mode  SQLT 
cell physical IO bytes eligible for predicate offload            SQLT 
cell physical IO bytes saved by storage index                    CACHE 
cell physical IO bytes saved during optimized RMAN file restore  SQLT 
cell physical IO bytes saved during optimized file creation      SQLT 
cell physical IO interconnect bytes                              SQLT 
cell physical IO interconnect bytes returned by smart scan       SQLT 
cell scans                                                       SQLT 
cell simulated physical IO bytes eligible for predicate offload  SQLT  DEBUG 
cell simulated physical IO bytes returned by predicate offload   SQLT  DEBUG 
cell smart IO allocated memory bytes                             SQLT 
cell smart IO memory bytes hwm                                   SQLT 
cell smart IO session cache hard misses                          SQLT 
cell smart IO session cache hits                                 SQLT 
cell smart IO session cache hwm                                  SQLT 
cell smart IO session cache lookups                              SQLT 
cell smart IO session cache soft misses                          SQLT 
cell smart IO sessions hwm                                       SQLT 
cell transactions found in commit cache                          SQLT 
chained rows processed by cell                                   SQLT 
chained rows rejected by cell                                    SQLT 
chained rows skipped by cell                                     SQLT 
 

Withasimilarquery,wecanlistalltheExadataHybridColumnarCompression(EHCC%)statistics,but
wewillnotcoverthoseinthischapter.
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NAME                                                             CLASS_NAME 
---------------------------------------------------------------- ---------- 
EHCC Analyze CUs Decompressed                                    DEBUG 
EHCC Analyzer Calls                                              DEBUG 
EHCC Archive CUs Compressed                                      DEBUG 
EHCC Archive CUs Decompressed                                    DEBUG 
EHCC CU Row Pieces Compressed                                    DEBUG 
EHCC CUs Compressed                                              DEBUG 
EHCC CUs Decompressed                                            DEBUG 
EHCC Check CUs Decompressed                                      DEBUG 
EHCC Columns Decompressed                                        DEBUG 
EHCC Compressed Length Compressed                                DEBUG 
EHCC Compressed Length Decompressed                              DEBUG 
EHCC DML CUs Decompressed                                        DEBUG 
EHCC Decompressed Length Compressed                              DEBUG 
EHCC Decompressed Length Decompressed                            DEBUG 
EHCC Dump CUs Decompressed                                       DEBUG 
EHCC Normal Scan CUs Decompressed                                DEBUG 
EHCC Pieces Buffered for Decompression                           DEBUG 
EHCC Query High CUs Compressed                                   DEBUG 
EHCC Query High CUs Decompressed                                 DEBUG 
EHCC Query Low CUs Compressed                                    DEBUG 
EHCC Query Low CUs Decompressed                                  DEBUG 
EHCC Rowid CUs Decompressed                                      DEBUG 
EHCC Rows Compressed                                             DEBUG 
EHCC Rows Not Compressed                                         DEBUG 
EHCC Total Columns for Decompression                             DEBUG 
EHCC Total Pieces for Decompression                              DEBUG 
EHCC Total Rows for Decompression                                DEBUG 
EHCC Turbo Scan CUs Decompressed                                 DEBUG 

Allthestatisticsstartingfromcellare,asthenamesays,relatedtostoragecells.Thesestatsaremeasured
andmaintainedbycellsthemselvesandthensentbacktothedatabasesessionsduringanyinteraction
overIDBprotocol.Everydatabasesessionreceivesthecellstatisticsalongwiththerepliesfromtheir
correspondingcellsessionsandthenupdatestherelevantdatabaseV$viewswithit.Thisishowthe
Oracledatabaselayerhasinsightintowhat’sgoingoninthe“blackbox”ofacell,liketherealnumberof
I/Ooperationsdone,thenumberofcellflashcachehits,andsoon.Notethatthereareafewchained 
rows […] cellstatistics,whichapparentlyuseadifferentnamingconvention,havingthe“cell”intheend
ofthestatisticname.

ExadataPerformanceCounterReference
Thissectionexplainssomeofthemoreimportantandinterestingstatisticsinthischapter,althoughif
youarelucky,youwon’thavetodigdownthisdeepinyourtroubleshooting;waiteventsandtheSQL
monitoringfeaturearegoodenoughformostbasictroubleshootingandperformanceoptimization.
Nevertheless,understandingwhat’sbehindthesestatisticsandbehaviorwillgiveyoufurtherinsight
intoExadatainternalsandenableyoutotroubleshootunusualperformanceproblemsmoreeffectively.
We’llexplainthestatsinalphabeticalorder,tomakeiteasiertousethissectionasareference.
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cell blocks helped by commit cache 

DuringaSmartScaninthestoragecell,thenormaldataconsistencyrulesstillneedtobeapplied,
sometimeswithhelpofundodata.Yes,consistentreadguaranteesmustworkalsoforSmartScans.But
theSmartScanworksentirelyinthestoragecells,whereitdoesnothaveaccesstoanyundodatainthe
databaseinstances’buffercaches.Andrememberthatacellnevertalkstoanyothercellsbydesign,soit
wouldbeunabletoreadtheundodatafromundosegmentsstripedacrossmanycellstoo.So,consistent
readbuffercloningandrollbacks,wheneverneeded,wouldhavetobedoneinsidethedatabaselayer.
WhenevertheSmartScanhitsarow,whichstillhasitslockbyteset(therow/blockhasn’tbeencleaned
out),itwouldtemporarilyhavetoswitchintoblockI/Omodeandsendtheentiredatablockbacktothe
databaselayerfornormalconsistentreadprocessing—withthehelpofundodataavailablethere.

Notethatwhenablockiscleanedoutcorrectly(lockbytescleared)anditscleanoutSCNinthe
blockheaderisfromanearlierSCNthanthequerystarttimeSCN(snapshot SCN),thenthecellknows
thatarollbackofthatblockwouldnotbeneeded.Ifthelatestchangetothatblockhappenedearlier
thanthequerystart,thentheblockimageinthecellisvalid,agoodenoughblocktosatisfythequery
withthegivenSCN.HowdoesthecellknowthestartingSCNofaqueryexecutedinthedatabaselayer?
Thatisthetaskofthestorage-awarerowsourcesintheexecutionplans,whichcommunicatetheSCNto
cellsoveriDBwhensettingupSmartScansessionsforthemselves.

Now,whensomeoftherowsdohavenonzerolockbytesintheblockorwhenthecleanoutSCNina
blockheaderhappenstobehigherthanthequery’ssnapshotSCN,thenthecellscannotdeterminethe
validityoftheblock/dataversionthemselvesandwouldneedtoshiptheblockbacktothedatabase
layerforregular,non-SmartScanprocessing.ThiswouldconsiderablyslowdowntheSmartScan
processing,ifsuchcheckhadtobedoneformanylockedrowsandnotcleaned-outblocks.

However,thereisanoptimizationthathelpstoreducethenumberoffallbackstoblockI/O
processinginthedatabaselayer.WheneveraSmartScanfindsalockedrowduringasegmentscan,it
willcheckwhichtransactionlockedthatrow.Thiscaneasilybedonebyreadingthetransaction’sITL
entryinthecurrentdatablockheader,wherethelockedrow’slockbytepoints.Notethatbitmapindex
segmentblocksandHCCcompressedblocksdon’thavealockbyteforeachsinglerowintheblock,but
theidearemainsthesame—OracleisabletofindoutthetransactionIDofthelockedrow(s)fromthe
blockathanditself.Now,theSmartScancansendthattransactionIDbacktothedatabaselayer(tothe
databasesessionowningthecellSmartScansession)andaskthedatabasesessiontocheckwhetherthat
transactionhasalreadycommittedornot.Ifthislockingtransactionhasnotcommittedyet,theSmart
ScanfallsbacktotheblockI/Omodeforthatblockandthedatabaselayerwillhavetogothroughthe
normalconsistentreadbuffercloning/rollbackmechanismandthere’snoworkaroundforthat.Ifthe
transactionhasalreadycommitted,buthasleftthelockbytesnotcleanedoutinsomeblocks(thisdoes
usuallyhappenforlargeDMLs),thentheSmartScandoesnothavetofallbacktoblockI/Oandanin-
database,consistentreadmechanism.Itknowsthatthisrowisnotreallylockedanymore,asthelocking
transactionhascommittedalready,eventhoughthelockbyteisstillinplace.

Allofthattoreadasinglelockedrow!WhenSmartScanning,youareprobablyscanningthrough
millionsorbillionsofrows,andmanyoftheserowsmaystillhavetheirlockbytesset.So,youdon’twant
theSmartScantocommunicatewiththedatabaselayereverysingletimeithitsanotherlockedrow.So,
Oraclecellscancachetheinformationabouttransactionstatusesinanin-memorystructurecalled
“commitcache.”It’sprobablyjustanin-memoryhash-table,organizedbytransactionID,anditkeeps
trackofwhichtransactionsarecommittedandwhicharenot.WhenthecellSmartScanseesalocked
row,itwillextractthetransactionID(fromtheITLsectionofthedatablock)andcheckswhetherthere’s
anyinfoaboutthattransactioninthecommitcache.Thischeckwillincrementthestatisticcell commit
cache queriesbyone.Ifthereisnosuchtransactioninthecommitcache,thentheSmartScan“asks”the
statusofthistransactionfromthedatabaselayerandstores(caches)theresultinthecommitcache.
Ideallyeverytransactionstatusisfetchedintothecacheonlyonce,andallsubsequentcheckswillbe
satisfiedfromthecommitcache.SoeverytimetheSmartScanopensanewblockandrealizesthatthere
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aresomerowslockedbutmanagestoavoidhavingtotalktothedatabaselayerthankstothecommit
cache,ourstatisticathand,cell blocks helped by commit cache,wouldbeupdatedbyone.

Seeingthisstatisticgrowing,whenyoursessionsaredoingaSmartScan,indicatesthatthecells
havesomeoverheadduetocheckingwhetherlockedrowsarereallystilllocked,butthankfullythe
commitcacheeliminatestheneedforcommunicatingwiththedatabaselayerrepeatedly.Withoutthis
optimization,thewholeSmartScanwouldgetslowerasitmustrepeatedlyinteractwiththedatabase
layer.YouwouldalsoseemorelogicalI/Obeingdoneatthedatabaselayer(seethestatisticsstarting
withconsistent gets from cache),asopposedtoonlyasingleLIOpersegmentforreadingtheextent
locationsandnumberofblocksundertheHighWaterMarkoutfromthesegmentheader.

Note:Asimilaroptimizationactuallyexistsalsointhedatabaselayer,andinnon-Exadatadatabases.Oracle
cancachethecommittedtransactioninfointhedatabasesession’sprivatememory,soitwon’thavetoperform
buffergetsontheundosegmentheaderwhenhittingmanylockedrows.Wheneverasessioncachesacommitted
transaction’sstateinmemory,itincrementstheCommit SCN cachedstatisticinitsV$SESSTATarray.Wheneverit
doesalookupfromthatcache,itincrementstheCached Commit SCN referenced statistic.

IfyouarenotfamiliarwiththedelayedblockcleanoutmechanisminOracle,youmightbe
wonderinghowtherecanberowswiththeirlockbytesstillset,whenthetransactionhasalready
committed.ThisishowOracleisdifferentfrommostothermainstreamcommercialRDBMSproducts.
Oracledoesn’thavetokeeptheblockswithnoncommittedrowscachedinmemory;DBWRisfreeto
writethemouttodiskandreleasethememoryforotherdatablocks.Now,whencommittingthe
transaction,itwouldn’tbegoodtoreadallthetransactionsbackfromthediskjusttocleanupthelock
bytes.Iftherearemanysuchblocks,thenyourcommitmighttakeages.Instead,Oraclejustmarksthe
transactioncompleteinitsundosegmentheaderslot.Anyfutureblockreaderscanjustcheckwhether
thetransactioninthatundosegmentheaderslotisstillaliveornot.IfyouperformblockI/Otoreadthe
datablockstothedatabaselayerlateron,thenthereadingsessionwouldcleanuptheblock(clearthe
lockbytesofrowsmodifiedbycommittedtransactions),sonofurthertransactionstatuscheckswould
beneededinfuturereads.However,storagecellsdonotperformblockcleanouts,ascellsdon’tchange
datablocks.Thisisbecausedatabaseblockmodificationsrequirewritingofredooperations,buthow
wouldacellwritetoaredologfilethatismanagedandstripedovermanycellsatthedatabaselayer
already?

Notethatforsmalltransactions,whichhaven’tmodifiedtoomanyblocksandwheretheblocksare
stillinbuffercache,Oraclecanperformblockcleanoutrightduringthecommittime.Also,theissues
justdiscusseddonotapplytosuchdatabases(datawarehousesusually)wheretablesareloadedwith
directpathloadinserts(andindexpartitionsarebuiltafterthetablepartitionsareloaded),becausein
thecaseofdirectloads,thetablerowsarenotlockedinthenewlyformattedtableblocks(thesame
appliestoindexentriesinleafblocksifanindexiscreatedafterthedataload).

cell blocks helped by minscn optimization 

Exadatacellserverhasanotheroptimizationdesignedtoimproveconsistentreadefficiencyevenmore.
It’scalledtheMinimumActiveSCNoptimizationanditkeepstrackofthelowestSCNofanystillactive
(uncommitted)transactioninthedatabase.ThisallowsustoeasilycomparetheSCNintheITLentries
ofthelockingtransactionswiththelowestSCNofthe“oldest”activetransactioninthedatabase.Asthe
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OracledatabaseisabletosendthisMinSCNinfotothecellwhenstartingaSmartScansession,thecells
canavoidhavingtotalktothedatabaselayerwhenevertheknownminimumactiveSCNpassedtothe
cellishigherthantheSCNinthetransaction’sITLentryintheblock.WhenevertheSmartScan
processesablockandfindsalockedrowwithactivetransactionintheITLslotinitbutrealizesthatthe
transactionmustbecommitted,thankstotheMinSCNpassedinbythedatabasesession,thecell blocks 
helped by minscn optimization statisticisincremented(onceforeachblock).

Withoutthisoptimization,Oraclewouldhavetocheckthecommitcache(describedinthecell 
blocks helped by commit cachestatisticsection)and,ifitfindsnoinfoaboutthistransactioninthe
commitcache,theninteractwiththedatabaselayertofindoutwhetherthelockingtransactionhas
alreadycommittedornot.ThisoptimizationisRAC-aware;infacttheMinimumSCNiscalledGlobal
MinimumSCN,andtheMMONprocessesineachinstancewillkeeptrackoftheMinSCNandkeepit
syncedinanin-memorystructureineachnode’sSGA.Youcanquerythecurrentknownglobal
MinimumActiveSCNfromthex$ktumascnfixedtableasshownhere(asSYS):



SQL> COL min_act_scn FOR 99999999999999999 
SQL> 
SQL> SELECT min_act_scn FROM x$ktumascn; 
 
       MIN_ACT_SCN 
------------------ 
     9920890881859 


Thiscell blocks helped by minscn optimizationstatisticisalsosomethingyoushouldn’tbeworried
about,butitcancomeinhandywhentroubleshootingadvancedSmartScanissues,orevenbugs,where
SmartScansseemtogetinterruptedbecausetheyhavetofallbacktoblockI/Oandtalktothedatabase
toomuch.

cell blocks processed by cache layer 

Thecell blocks processed by … layer statisticsaregoodindicatorsofthedepthofoffloadprocessinthe
cells.ThemainpointandadvantageoftheExadatastorageserversisthatpartoftheOraclekernelcode
hasbeenportedintothecellsrvexecutablerunninginthestoragecells.ThisiswhatallowstheOracle
databaselayertooffloadthedatascanning,filtering,andprojectionworkintothecells.Inordertodo
that,thecellsmustbeabletoreadandunderstandOracledatablockandrowcontents,justasthe
databasedoes.Thecell blocks processed by cache layerstatisticindicateshowmanydatablocksthecells
haveprocessed(opened,readandusedforSmartScan)asopposedtojustpassingtheblocksreadup
thedatabaselayer.

WhenacelljustpassestheblocksbacktothedatabaseinblockI/Omode,thisstatisticisnot
updated.ButwhenthecellitselfusestheseblocksforSmartScan,thenoneofthefirstthingsthatis
donewhenopeningablock(consistentorcurrentread)istochecktheblockcachelayerheader.Thisis
tomakesureitisthecorrectblock,isnotcorrupt,andisvalidandcoherent.Thesetestsaredoneby
cachelayerfunctions(KCBforKernelCacheBuffermanagement)andreportedbacktothedatabaseas
cell blocks processed by cache layer.

Inthedatabaselayer,withregularblockI/O,thecorrespondingstatisticsareconsistent gets from 
cache andconsistent gets from cache (fastpath)dependingonwhichbufferpinningcodepathisusedfor
theconsistentbufferget.Notethatcellsrvdoesonlyconsistentmodebuffergets(CRreads)andno
currentmodeblockgets.Soallthecurrentmodegetsyouseeinstatsaredoneinthedatabaselayerand
arereportedasdb block gets from cache ordb block gets from cache (fastpath).Thisstatisticisauseful
andsimplemeasureofhowmanylogicalreadsthecellsrvdoesforyoursessions.
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NotethatitisOKtoseesomedatabaselayerI/OprocessingduringaSQLplanexecution,asthe
planisprobablyaccessingmultipletables(andjoiningthem).So,whendoinga10-tablejoinbetweena
largefactandninedimensiontables,youmaywellseethatallofthedimensionsarescannedusing
regular,cachedblockI/O(andusingsomeindex,ifpresent),andonlythelargefacttableaccesspathwill
takeadvantageoftheSmartScan.

cell blocks processed by data layer 

Whilethepreviousstatisticcountsalltheblockgetsdonebythecachelayer(KCB),thisstatisticis
similar,butcountstheblocksprocessedinthecellbythedatalayer.Thisstatisticappliesspecificallyto
readingtableblocksormaterializedviewblocks(whicharephysicallyjustliketableblocks).Information
iscollectedusingadatalayermodule,calledKDSforKernelDataScan,whichcanextractrowsand
columnsoutoftableblocksandpassthemontovariousevaluationfunctionsforfilteringandpredicate
checks.IfthecellSmartScancandoallofitsprocessinginthecell,withouthavingtofallbackto
databaseblockI/Omode,thenthis“processedbydatalayer”statisticplustheprocessedby“index
layer”statisticshouldadduptothe“processedbycachelayer”value.Thismeansthateveryblock
actuallyopenedmadeitswaythroughthecacheandtransactionlayerchecksandwaspassedtothedata
orindexlayerforrowandcolumnextraction.Ifthe“processedbydatalayer”plus“processedbyindex
layer”statisticsadduptoasmallervaluethanthe“processedbycachelayer”statistic,itmeansthatthe
restoftheblockswerenotfullyprocessedbythecellandhadtobesentbacktothedatabaseforregular
blockI/Oprocessing.

cell blocks processed by index layer 

Thisstatisticisjustliketheprecedingcell blocks processed by data layer,butitisincrementedwhen
SmartScanningthroughB*Treeorbitmapindexsegmentblocks.Thecodepathforextractingrowsout
ofindexblocksisdifferentfromThecell blocks processed by index layer countshowmanyindexsegment
blockswereprocessedbyaSmartScan.

cell blocks processed by txn layer 

Thisstatisticshowshowmanyblockswereprocessedinthecellbythetransactionlayer.Hereisa
simplifiedexplanationofthesequenceofactionsduringaconsistentreadforSmartScaninastorage
cell:

1. Thecachelayer(KCB)opensthedatablockandchecksitsheader,last
modificationSCN,andcleanoutstatus.

2. IftheblockinthecellhasnotbeenmodifiedafterthesnapshotSCNofthe
queryrunningthecurrentSmartScan,thisblockcanbepassedtothe
transactionlayerforprocessing.However,iftheblockimageondisk(cell)has
beenmodifiedafterthequery’ssnapshotSCN,thenthecachelayeralready
knowsthatthisblockhastoberolledbackforconsistentread.Inthiscasethe
blockisnotpassedintothecelltransactionlayeratall,butthecellfallsbackto
blockI/OandpassesthatblocktothedatabaselayerfornormalCR
processing.

3. Iftheblockispassedtothetransactionlayer(KTR)bythecachelayer,thenthe
transactionlayercanusethecommitcacheandMinActiveSCNoptimization
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toavoidfallingbacktoreducetheamountofcommunicationwiththe
databaselayerifithitslockedrowsandnotcleanedoutblocksofcommitted
transactions.WhenthereisnoneedtofallbacktoblockI/Oanddatabase-
layerconsistentreads,thentheconsistentreadswillbeperformedbythedata
layerorindexlayercodeinsidethestoragecell.However,iftheconsistentread
cannotbecompletedwithinthecell,thentheentiredatablockathandmust
betransportedbacktothedatabaselayerandtheconsistentreadwillbe
performedthere.

ThepointofthisexplanationisthatiftheSmartScansworkoptimally,theydonothavetointerrupt
theirworkandtalktothedatabaselayerduringtheSmartScanprocessing;ideallyallthescanningwork
isdoneinthestoragecell,andonceenoughrowsarereadytobereturned,they’resenttothedatabase
inabatch.Ifthisisthecase,thenthecell blocks processed by data layer (or index layer)statisticwillbeas
highasthecell blocks processed by cache layer(andtxn layer),showingthatalltheblockscouldbefully
processedinthecellandrowsextractedfromthemwithouthavingtofallbacktodatabase-layerblock
I/Oandconsistentreads.

Rememberthatallthiscomplexityrelatedtoconsistentreadsinstoragecellsmattersonlywhen
doingaSmartScan.WhendoingregularblockI/O,cellsjustpasstheblocksreaddirectlybacktothe
databaselayer,andtheconsistentreadlogicisexecutedinthedatabaselayerasusual.Andyou
shouldn’treallyworryaboutthesemetricsunlessyouseethatyourSmartScanwaiteventstendtobe
interspersedwithcell single block physical reads,consumingasignificantpartofyourqueryresponse
time.

cell commit cache queries 

ThisisthenumberoftimesthecellSmartScanlookedupatransactionstatusfromthecellcommit
cachehashtable.Alookupfromcommitcacheisnormallydoneonceperuncommittedtransaction
foundperblockscannedbySmartScan—wheretheMinActiveSCNoptimizationhasn’talreadykicked
inandeliminatedtheneedtocheckforindividualtransactionstatuses.Thisiscloselyrelatedtothecell 
blocks helped by commit cachestatistic.

cell flash cache read hits 

ThisstatisticshowshowmanyI/Orequestsweresatisfiedfromthecellflashcache,sothataharddisk
readwasnotnecessary.Notethatwesaid“harddiskread,”notjustphysicalread.That’sbecausethe
readsfromflashcardsalsorequirephysicalreads(systemcallsresultinginflashcardI/O).Whenyousee
thisnumber,itmeansthattherequiredblockswerenotinthedatabaselayerbuffercache(ortheaccess
pathchosetouseadirectpathread),butluckilyalltheblocksrequiredbyanI/Orequestwereincell
flashcache(theofficialtermisExadataSmartFlashCache).Notethatthisnumbershowsthenumberof
I/Orequests,notthenumberofblocksreadfromcellflashcache.Rememberthatcellflashcacheis
usablebothbyregularblockreadsandcellSmartScans.EspeciallyifyourunanOLTPdatabaseon
Exadata,forbestperformanceyoushouldattempttosatisfymostsingle-blockreadsfromeitherthe
databasebuffercacheor,failingthat,thecellflashcache.YoucanreadmoreabouttheExadataFlash
CacheinChapter5.
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cell index scans 

ThisstatisticisincrementedeverytimeaSmartScanisstartedonaB*Treeorbitmapindexsegment.
NotethatinordertouseSmartScansonindexsegments,theindex fast full scanexecutionplanrow
sourceoperatormustbeusedtogetherwithdirectpathreads.Thisstatisticisupdatedatthestartofa
SmartScansession,soifyoumonitoritsvalueforasessionthathasbeenexecutingalong-running
queryforawhile,thenyoumightnotseethisstatisticincrementingforyoursession.

WhenrunningjustaserialsessionwithSmartScanonanonpartitionedindexsegment,thisstatistic
wouldbeincrementedbyone.However,whenrunningaSmartScanonapartitionedindexsegment,
thenthecell index scansstatisticwouldbeincrementedforeachpartitionscannedusingSmartScan.
ThisisbecausetheSmartScanisasegment-leveldecisionmadeatruntime,foreachsegment(table,
indexorpartition).BecausetheSmartScankicksinonlywhendoingdirectpathreadstoPGA,andthe
directpathreadsdecisionismadebasedonthescannedsegmentsize(amongotherthings),different
partitionsofthesametableaccessedmaybescannedusingdifferentmethods.Youmightfindthatsome
partitionsinyourmultipartitiontableorindexarenotscannedwithSmartScan/directpathreads,as
Oraclehasdecidedtousebufferedreadsforthemthankstotheirsmallersize.Inthiscase,thecell index 
scansstatisticwouldnotincrementasmuchandyouwouldseethecell multiblock physical read wait
eventpopupatthetable/indexscanrowsourcepathinanASHorSQLMonitoringreport.

cell IO uncompressed bytes 

Thisstatisticshowstheuncompressedsizeofthedatascannedinthecell.Soifyouscanthrougha10GB
compressedsegment,physical read total bytesstatisticwouldincreaseby10GB,butthecell I/O 
uncompressed bytesmaywellincreaseby10GBifthat’sthetotaluncompressedsizeofthedata.This
statisticisincrementedonlywhenperformingaSmartScancompressionoffloading,notwhenyouread
thecompressedblocksdirectlytothedatabaselayerwithblockI/O.

cell num fast response sessions 

ThisstatisticshowshowmanytimesOraclestartedtheSmartScancodebutthenchosenottosetupthe
SmartScansessionimmediately,butinsteadtodoafewblockI/Ooperationsfirstinhopetofind
enoughrowstosatisfythedatabasesession.Thisoptimizationisusedfor FIRST ROWSexecutionplan
options,eitherwhenusingaFIRST_ROWS_xhint(orequivalentinit.oraparameter)oraWHERE rownum < 
Xcondition,whichmayalsoenablethefirstrowsoptioninexecutionplans.Theideaisthatiffetching
onlyafewrows,OraclehopestoavoidtheoverheadofsettingupacellSmartScansession(withallthe
cells,thankstoASMstriping),butitwilldoafewregularblockI/Ooperationsfirst.Followingisan
exampleofafirst-rowsoptimizationthankstotheROWNUMpredicate:

SELECT * FROM t3 WHERE owner like 'S%' AND rownum <= 10 
 
Plan hash value: 3128673074 
 
---------------------------------------------------------------------------- 
| Id  | Operation                              | Name | E-Rows | Cost (%CPU)| 
---------------------------------------------------------------------------- 
|   0 | SELECT STATEMENT                       |      |        |     4 (100)| 
|*  1 |  COUNT STOPKEY                         |      |        |            | 
|*  2 |   TABLE ACCESS STORAGE FULL FIRST ROWS | T3   |     11 |     4   (0)| 
---------------------------------------------------------------------------- 
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Predicate Information (identified by operation id): 
--------------------------------------------------- 
 
   1 - filter(ROWNUM<=10) 
   2 - storage("OWNER" LIKE 'S%') 
       filter("OWNER" LIKE 'S%') 
 

WhenexaminingV$SESSIONstatisticsofaSmartScanofsuchanexecutionplan,youarelikelytoseethe
cell num fast response sessionsincremented,asOraclehastriedtoavoidtheSmartScansessionsetup
overhead:

SQL> SELECT * FROM TABLE(exatest.diff('cell num fast.*')); 
 
NAME                                                                  VALUE 
---------------------------------------------------------------- ---------- 
cell num fast response sessions                                          1 
cell num fast response sessions continuing to smart scan                   0 
 

Thecellfastresponsefeatureiscontrolledbythe_kcfis_fast_response_enabled parameterandenabled
bydefault.

cell num fast response sessions continuing to smart scan 

ThisstatisticshowshowmanytimesthecellSmartScanfastresponsesessionwasstarted,butOracle
hadtoswitchtotherealSmartScansessionasitdidn’tfindenoughmatchingrowswiththefirstfewI/O
operations.Thenextexamplequeryhasthefirst-rowsoptimizationintheexecutionplan,butthe
additionalpredicateontheobject_namecolumnensuresthatnomatchingrowsarefoundduringfirst
fewI/Osfromthetable:

SELECT * FROM t3 WHERE owner like 'S%' AND object_name LIKE '%non-existent%'  
AND rownum <= 10 
 
Plan hash value: 3128673074 
 
---------------------------------------------------------------------------- 
| Id  | Operation                             | Name | E-Rows | Cost (%CPU)| 
---------------------------------------------------------------------------- 
|   0 | SELECT STATEMENT                      |      |        |     9 (100)| 
|*  1 |  COUNT STOPKEY                        |      |        |            | 
|*  2 |   TABLE ACCESS STORAGE FULL FIRST ROWS| T3   |     10 |     9   (0)| 
---------------------------------------------------------------------------- 
 
Predicate Information (identified by operation id): 
--------------------------------------------------- 
 
   1 - filter(ROWNUM<=10) 
   2 - storage(("OBJECT_NAME" LIKE '%non-existent%' AND "OWNER" LIKE 
              'S%' AND "OBJECT_NAME" IS NOT NULL)) 
       filter(("OBJECT_NAME" LIKE '%non-existent%' AND "OWNER" LIKE 
              'S%' AND "OBJECT_NAME" IS NOT NULL)) 
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SQL> SELECT * FROM TABLE(exatest.diff('cell num fast.*')); 
 
NAME                                                                  VALUE 
---------------------------------------------------------------- ---------- 
cell num fast response sessions                                           1 
cell num fast response sessions continuing to smart scan                  1 



Thesestatsshowthatafastresponsesessionwasinvoked,butithadtoswitchtoSmartScanlateron.
Interestingly,thisoptimizationcausestheOraclewaitinterfacetoreportsomedb file sequential read
waitevents,whichwethoughtwereimpossibleonExadatacellstorage(becauseregularcellsingleblock
readsarereportedascell single block physical readwaitevents).



PARSING IN CURSOR #47425277991136 len=93 dep=0 uid=93 oct=3 lid=93 tim=1302602065427828 hv 
SELECT * FROM t3 WHERE owner like 'S%' AND object_name LIKE '%non-existent%' AND rownum 
<= 
END OF STMT 
PARSE #47425277991136:c=8999,e=9983,p=2,cr=3,cu=0,mis=1,r=0,dep=0,og=1,plh=3128673074 
EXEC #47425277991136:c=0,e=19,p=0,cr=0,cu=0,mis=0,r=0,dep=0,og=1,plh=3128673074 
WAIT #47425277991136: nam='SQL*Net message to client' ela= 2 driver id=1413697536 #bytes=1 
WAIT #47425277991136: nam='SQL*Net more data to client' ela= 17 driver id=1413697536  
WAIT #47425277991136: nam='cell single block physical read' ela= 505 cellhash#=2133459483  
WAIT #47425277991136: nam='reliable message' ela= 1473 channel context=11888341784  
WAIT #47425277991136: nam='enq: KO - fast object checkpoint' ela= 298 name|mode=1263468550 
WAIT #47425277991136: nam='enq: KO - fast object checkpoint' ela= 154 name|mode=1263468545 
WAIT #47425277991136: nam='asynch descriptor resize' ela= 2 outstanding #aio=0  
WAIT #47425277991136: nam='db file sequential read' ela= 4 file#=0 block#=0 blocks=0  
WAIT #47425277991136: nam='db file sequential read' ela= 11592 file#=0 block#=0 blocks=0  
WAIT #47425277991136: nam='db file sequential read' ela= 1 file#=0 block#=0 blocks=0  
WAIT #47425277991136: nam='db file sequential read' ela= 427 file#=0 block#=0 blocks=0  
WAIT #47425277991136: nam='db file sequential read' ela= 1 file#=0 block#=0 blocks=0  
WAIT #47425277991136: nam='db file sequential read' ela= 3500 file#=0 block#=0 blocks=0  
WAIT #47425277991136: nam='db file sequential read' ela= 2 file#=0 block#=0 blocks=0  
WAIT #47425277991136: nam='db file sequential read' ela= 22857 file#=0 block#=0 blocks=0  
WAIT #47425277991136: nam='db file sequential read' ela= 2 file#=0 block#=0 blocks=0  
WAIT #47425277991136: nam='db file sequential read' ela= 23636 file#=0 block#=0 blocks=0 
WAIT #47425277991136: nam='db file sequential read' ela= 3 file#=0 block#=0 blocks=0  
WAIT #47425277991136: nam='db file sequential read' ela= 88880 file#=0 block#=0 blocks=0  
WAIT #47425277991136: nam='cell smart table scan' ela= 130 cellhash#=2133459483 p2=0 p3=0  
WAIT #47425277991136: nam='cell smart table scan' ela= 126 cellhash#=379339958 p2=0 p3=0  
WAIT #47425277991136: nam='cell smart table scan' ela= 123 cellhash#=3176594409 p2=0 p3=0  

cell num smart IO sessions using passthru mode due to reason 

Thesethreestatistics(wherereasoncanbeeitheruser,cellsrv,ortimezone)indicatehowmanytimes
OracledatabaseinitiatedaSmartScan,butthecellsrvdidn’tstartaSmartScanandfellbackentirelyto
blockI/Omode.Theblocksreadarejustpassedthroughcellsrvtodatabase,insteadofprocessing
themwithinthecell.Thismeansthatwhileyoustillseethecell Smart Scan waiteventsandcell physical 
IO interconnect bytes returned by smart scanincreasing(whichindicatesthataSmartScanishappening),
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thefullpowerofSmartScanisnotutilized,asthecellsjustreaddatablocksandreturntheblocksback
tothedatabaselayer.Inotherwords,inpassthroughmode,thecellsdonotopendatablocksandextract
onlytherequiredcolumnsofmatchingrows,butreturnallthephysicalblocksofthesegmentasthey
are.Notethatthestorageindexes(dynamicallycreatedincellsrvmemory)canbeusedtoeliminateI/O
inthepassthroughmodetoo,buttheseindexesmustbepopulatedbyaregularSmartScan,whichdoes
actuallyopenandprocessthedatablocksinthecell.

YoushouldnotseeanypassthroughSmartScanshappeningonthelatestdatabaseandExadatacell
versionsunlessyouhaveproblemslikecellsrunningoutofmemoryandthelike.Youcantestwhat
happensinatest-environmentbysetting_kcfis_cell_passthru_enabled toTRUEandrunningaSmart
Scan.Youwillstillseecell smart scan waiteventforyourSmartScans,buttheyareslowerbecausethey
arereturningalltheblockstothedatabaseforprocessing.

cell physical IO bytes eligible for predicate offload 

ThisperformancecounterholdsoneofthemostimportantstatisticsforunderstandingcellSmartScan.
WhenyouareSmartScanningthroughasegment,thisstatisticshowshowmanybytesofthatsegment
theSmartScanwouldgothrough.Essentially,allthebytesfromthebeginningofthesegmentalltheway
toitshighwatermarkwillbereported(asthescanningprogressesthroughtheentiresegment).The
catchisthatthisisthetheoreticalmaximumnumberofbytestoscanthrough,butsometimesthecell
storageindexoptimizationkicksin,allowingthescantoskipreadingsomeblockranges.Evenifthe
storageindexallowsyoutoavoidscanning80percentofa10GBsegment,reducingtheactualI/O
amounttoonly2GB,thisstatisticstillshowsthetotalsizeofthesegmentscanned,regardlessofany
optimizations.Inotherwords,thisstatisticshowsthetotalbytesthatwouldhavebeenscannedthrough,
ifanycellleveloptimizationsdidn’tkickin(andoftenthisisthecase).Notethatthisstatisticsimply
countsthephysicalsizeofthesegmentinthedatablocksindatafiles(andnotthe“eventual”datasize
afteranydecompression,filtering,orprojection).

Ifthisnumberdoesnotincreaseforyoursession’sV$SESSTAT(orStatspack/AWRdatawhenlooking
atthewholeinstance),thenit’sanotherindicatorthatSmartScansaren’tbeingused.Anyblockranges
scannedthrough(orevenskippedthankstostorageindexoptimizations)byaSmartScansession
shouldincrementthisstatisticaccordingly.AnotherthingtoknowisthatwhentheSmartScanfallsback
topassthroughfullblockshippingmode(describedearlier),thecell physical IO bytes eligible for 
predicate offload statisticstillgetsincremented,althoughthere’snopredicateoffloadingandSmartScan
filteringdoneinthecellinpassthroughmode.

cell physical IO bytes pushed back due to excessive CPU on cell 

ThisstatisticisrelatedtotheselectivefallbacktopassthroughmodeasexplainedinKevin’s
accompanyingnote.Thebiggerthisnumberis(comparedtothecell physical I/O bytes eligible for 
predicate offload statistic),themorethecellhadtosendbackcompressedCUsfordecompressionand
processinginthedatabaselayer.Thishappenswhenthecell’sCPUutilizationreachesathresholdand
thereisenoughspareCPUcapacityavailableinthedatabaselayer,allowingyoutoutilizetheCPUsof
yourwholeExadataclusterbetter.

Notethatthisperformancecounterappearedaspartofthecellsoftwareversion11.2.2.3.0and
databaseBundlePatch6.Itwasapparentlyaddedasatemporaryone-offfix,asthisstatisticreplacedthe
ad-hoc“spare statistic 1”counterintheV$views.Infact,inOracle11.2.0.3(andExadataBundlePatch7),
thisstatisticisrenamedto“cell physical IO bytes sent directly to DB node to balance CPU usage.”
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KevinSays:“Regardingpassthroughfunctionality,theauthorsarecorrectinassertingthatpassthroughis
generallyasignofproblems.However,latereleasesofExadataStorageServersoftwarehaveafeaturethattries
tomitigatetheimbalancesbetweenprocessorutilizationinthestoragecellsandthatofdatabasehostsunder
storage-intensiveprocessing.Thedefinitionof“aproblem”issubjective.InsituationswhereSmartScanoffload
processingissaturatingthestorageprocessors—thuscreatingabottleneckfordataflow—querycompletiontime
isseverelyimpacted.Thatisaproblem.Solutionscan,sometimes,beproblemsaswell.

Inthesemorerecentreleasesofcellsrvthereisahintaboutdatabasegridprocessorutilizationinthemetadata
ofeachSmartScanI/OrequestpassedoveriDBtostorage.Ifstorageissignificantlybusierthanthehosts(CPU-
wise),cellsrvwillsenddatatotheforegroundprocessesafterno,orverylittle,offloadprocessing—depending
onwhetherthereisHCCinvolvedornot.ThetermpassthroughreferstothosetimeswhenSmartScanchoosesto
skipoffloadprocessing.Asofthepublicationofthisbook,theonlyreasonSmartScanchoosestoskipoffload
processingisforreasonsofprocessorsaturation.Theremaybeothertriggersinthefuture.Theinfrastructureisin
place.

Theauthors(andI)trytoimparttheconceptsaboutwhenaSmartScanwilloccurandwhenaSmartScanwill
needtoreverttoblockmodeprocessing.Here,ontheotherhand,wehaveacasewhereSmartScansimply
choosestoceaseoffloadprocessingforasignificantpercentageofthedatabeingreadfromdisk.Thismiddle
ground,however,isnotafall-backtoblockmodeprocessing,becausethebufferingisstillPGA(directpath
reads).ThetermOraclehaschosenforthismiddle-groundsumsitupthebest:passthrough.Tothatend,we
couldsaythereisnowanothertypeofscan:PartiallySmartScan.

So,howmuchSmartScanvalueremainswheninpassthroughmode?Well,itisstillaSmartScan,sostorage
indexescanstillbeofbenefit.However,filtrationwillnotoccurinstorage.Projection,ontheotherhand,willoccur
instorageonlyifthedatabeingscannedisEHCC.Yousee,projectingEHCCtuplesisveryinexpensiveand,aswe
know,reducingpayloadisthecriticalserviceSmartScanaimstodeliver.Soifpayloadreductioncanoccur,thatis
agoodthing.

Sowhatdoesallthismean?Well,idleprocessorsareaverybadthingwithDW/BIworkloads,sothisnewbehavior
couldbeagoodthing.Theonlyaspectofthefeaturethatmakesmewaryisthatfactorsexternaltothequerycan
changetheruntimedynamic.Consider,forinstance,aquerywithagoodexecutionplanthattakes10secondsto
completewhenprocessingwithoutotherconcurrentqueries.Supposefurtherthatthisqueryburdensthestorage
processorstosome75percent.Whenexecutedconcurrentlywithanotherquerythatutilizestheremaining25
percentstorageprocessorbandwidth,SmartScanwillstopoffloadprocessingforsomeamountofthedataread
fromdisk—forbothofthesequeries.Thisisacaseofhysteresis.
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Ifthisnewfeaturestandsthetestoftime,itwilladdmanyvariables(inmultipledimensions)toperformance
analysis.Intheend,however,theonlythingthatreallymattersiswhethertheusers’responsivenessfromthe
systemisacceptable.Ichoosetoremaindubious,however,becauseoftheaddedcomplexity.Ithastakenmany
chaptersofthiswell-writtenbooktoexplainwhenSmartScan,andthusoffloadprocessing,willoccur.Nowwe
haveaSmartScansituationthatdoesn’tperformoffloadprocessingforvaryingpercentagesofthedatastreaming
offofstorage.Ithasbeensaidmanytimesthatoffloadprocessingisthe“secretsauce”ofExadataand,ofcourse,
SmartScanisthemainagentfordelivery.ItisyettobeseenhowcomplexworkloadsbehavewhenSmartScan
sometimeschoosesnottodoitsjob.

cell physical IO bytes saved by storage index 

Thisisanotherimportantstatistic,whichshowshowmanybytestheSmartScansessionscouldsimply
skipreadingfromdiskthankstothein-memorystorageindexincellsrv.Ifthisstatistic,cell physical IO
bytes saved by storage indexisclosetocell physical IO bytes eligible for predicate offload,itindicatesthat
SmartScansaregreatlybenefitingfromstorageindexesandhaveavoideddiskreadsthankstothat.

cell physical IO bytes saved during optimized file creation 

Thisstatisticshowshowmanybytesworthofdatafilecreationandfileextensionworkwasdoneinthe
cell.Withoutthisoptimization,Oraclewouldformatthenewdatablocksinthedatabasesession’sPGA
andsendphysicalblockwritestothecelloverinterconnect.InExadata,thefileblockformattingand
writescanbeoffloadedtothecell,andthedatabasedoesnothavedophysicalwritesitself.InExadata,
youwouldseeacell smart file creationwaiteventwhencellsareformattingblocksfornewfilesorwhen
extendingfiles.Withoutthisoptimization,youwouldseetheData file init writewaitevents.

cell physical IO bytes saved during optimized RMAN file restore 

Thisstatisticshowshowmanybytesworthofdatafileswererestoredwithincells,withouthavingto
involvethedatabaselayer,thankstooffloadingtheRMANrestoretocells.Youshouldseeyourrecovery
sessionswaitingforcell smart restore from backupwaiteventwhenrestoringonExadataRMAN backup
& recovery I/Owaitevent.

cell physical IO bytes sent directly to DB node to balance CPU usage 

Thisstatisticisthesameasthe“cellphysicalIObytespushedbackduetoexcessiveCPUoncell”statistic
earlier,whichisusedinOracle11.2.0.2withBundlePatch6,butinnewerOracleversionsandpatch
levelsthecurrentstatisticnameisusedinstead.
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cell physical IO interconnect bytes 

Thisisasimple,butfundamentalstatistic,whichshowshowmanybytesworthofanydatahavebeen
transmittedbetweenthestoragecellsandyourdatabasesessions.Thisincludesalldata,bothsentand
receivedbythedatabase,theSmartScanresultsets,fullblocksreadfromthecells,temporaryI/Oreads
andwrites,logwrites(ifLGWR),anysupplementaryiDBtraffic,andsoon.So,thisstatisticshowsall 
traffic bytes,regardlessofitsdirection,contentsornature.

WhenmeasuringthewriteI/Ometrics,don’tbesurprisedwhenyouseethatthecell physical IO 
interconnect bytesstatisticistwoorthreetimeshigherthanthephysical write total bytesstatistic.Thisis
becausethelatterstatisticismeasuredattheOracledatabaselevel,butthecell physical IO interconnect 
bytesismeasuredatthecelllevel,afterASMmirroringhasbeendone.Soif,forexample,LGWRwrites
1MBtoanASMdiskgroupwithhighredundancy(triplemirroring),atotalof1.5MBofdatawouldbe
sentovertheinterconnect.Notethatthereisabug(#10036425)inOracle11.2.0.1thatincrementsthis
statisticevenonnon-Exadatadatabases,soyoucanjustignoreitonnon-Exadatadatabases.

cell physical IO interconnect bytes returned by smart scan 

Thisstatisticisanimportantoneandshowshowmanybytesofdatawerereturnedtothedatabaselayer
bytheSmartScan.Thebytesactuallyreturnedshouldbemuchlessthanthebytesscanned/readfrom
disk.ThisisthemainpointoftheExadataSmartScanfeature—thecellsmayreadgigabytesofdata
everysecond,butastheyperformearlyfilteringthankstopredicateoffloading,theymaysendonlya
smallpartoftherowsbacktothedatabaselayer.Additionally,thankstotheprojectionoffloading,the
SmartScansonlyreturntherequestedcolumnsback,notfullrows.Ofcourse,iftheapplicationuses
SELECT *forfetchingallthecolumnsofatable,projectionoffloadingwouldnothelp,buttheearly
filteringthankstopredicateoffloadingcanstillhelpalot.

Thisstatisticisasubsetofthecell physical IO interconnect bytesstatistic,butitcountsonlythebytes
(ofrowsets)thatarereturnedbySmartScansessionsandnoothertraffic.

cell scans 

Thisstatisticisjustlikethecell index scans,butcell scansshowsthenumberofSmartScansdoneon
tableandmaterializedviewsegments.Withserialexecution,thisstatisticisincrementedonceinthe
beginningofeverysegmentscan.Sowhenscanningthroughapartitionedtable,inwhicheachpartition
isaseparatesegment,thisstatisticwouldbeincrementedforeachpartition.Withparallelscans,thecell 
scansstatisticwillincrementevenmore,asparallelslavesperformtheirscansonblockranges(PX
granules)handedovertothembythequerycoordinator—sothescanoneachblockrangeisreportedas
aseparatecell scan.Thepresenceofthetable scans (rowid ranges)statisticindicatesthatPXscanson
blockrangesarehappening.

Followingisanexampleofaparallelfulltablescansession’sstatistics(withtwoslaves).The
133.8GBtablewasapparently“split”into132rowidrangesandscannedusingSmartScansandthanks
totheSmartScan’soffloadingfeatures,only4.54GBworthofresultingdatahadtobesenttothe
database.
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-------------------------------------------------------------------------------------- 
 SID, USER  , TYPE, STATISTIC                                                 , HDELTA 
-------------------------------------------------------------------------------------- 
 400, TANEL , STAT, physical read total bytes                                 , 133.8G 
 400, TANEL , STAT, cell physical IO interconnect bytes                       ,  4.54G 
 400, TANEL , STAT, cell smart IO session cache lookups                       ,    130  
 400, TANEL , STAT, cell smart IO session cache hits                          ,    130  
 400, TANEL , STAT, cell physical IO interconnect bytes returned by smart scan,  4.54G 
 400, TANEL , STAT, table scans (long tables)                                 ,    132  
 400, TANEL , STAT, table scans (rowid ranges)                                ,    132  
 400, TANEL , STAT, table scans (direct read)                                 ,    132 
 400, TANEL , STAT, cell scans                                                ,    132 

cell smart IO session cache hits 

ThisstatisticshowshowmanytimesadatabasesessionmanagedtoreuseapreviouslyinitializedSmart
Scansessioninthecell.Thisstatisticshowsupwhenasingleexecutionplanscansthroughmultiple
segments(likewithpartitionedtables)orrevisitsthesamesegmentduringasingleexecution.

cell smart IO session cache lookups 

ThisstatisticisincrementedeverytimeadatabasesessiontriedtoreuseapreviouslyinitializedSmart
Scansessioninthecell.Ifthecell smart IO session cache hitsstatisticincrementstoo,thenthelookup
wassuccessfulandaprevioussessioncanbereused.ThesmartI/Osessioncachingworksonlywithin
anexecution(andsubsequentfetches)ofanopencursor.Oncetheexecutionfinishes,thenext
executions(evenofthesamecursor)wouldhavetosetupnewSmartScansessions(andcommunicate
thenewconsistentreadsnapshotSCNtothecellstoo).

cell transactions found in commit cache 

ThisstatisticisrelatedtotheconsistentreadmechanismOraclehastoguarantee,evenonExadata.It
showshowmanytimestheSmartScansessionscheckedthecellcommitcachetodecidewhetheraCR
rollbackisneededornot;anditfindsthetransactionstatusinformationinthecellcommitcache.This
avoidsaroundtriptothedatabaselayertocheckthattransaction’sstatususingundodataavailable
there.There’smoreinformationabouthowtheconsistentreadsworkwithExadataSmartScansinthe
cell blocks helped by commit cachestatisticsection.

chained rows processed by cell 

Beforeexplainingwhatthisspecificstatisticmeans,let’slookathowSmartScansdealwithchained
rows.ChainedrowsposeaproblemforSmartScans.Thechainedrow’s“next”rowpiecesmaybe
anywhereinthesegment;andthankstotheASMstriping,it’snotguaranteedthatthenextrowpiecesof
achainedrowareinthesamecellwheretherowheadpieceis.Soachainedrowmaybephysicallysplit
acrossmultipledifferentcells.Giventhatcellsneverspeaktoeachother(forscalabilityandsimplicity),
howwouldyoubeabletoconstructthefullrowwhenneeded?Thewaycellsrvcurrentlysolvesthis
problemisthatwhenevertheSmartScanhitsachainedrow(andrealizesithastofetchitsnextrow
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piece),cellsrvfallsbacktoregularblockI/Oforthatrowandsendstheblockbacktothedatabaselayer
fornormalprocessing.Thedatabaselayercanthenextractthedatablockaddressofthenextrowpiece
fromtherowheadpieceandissuetheblockreadI/OtotheappropriatecellwheretheASMstripinghas
physicallyputthatblock.Thereasoningandfundamentalproblembehindthisoptimizationissimilarto
whyconsistentreadrollbackshavetobedoneinthedatabaselayerasopposedtoacell—it’sbecause
someofthedatablocksrequiredforthisoperationmayjusthappentobelocatedinanothercell,and
cellsnevertalktoothercells.

ThisbehaviormeansthatyourSmartScanperformancewilldropifithitsalotofchainedrowsand
hastofetchtheirnextrowpieces.Ifyougetluckyandaccessonlythecolumnsthatarepresentinthe
headpieceoftherow,thenyouwon’thavetofallbacktodatabaseblockI/Omodefortheseblocksand
yourSmartScanswillbefast.Ifyouhavetofetchthenextrowpieces,however,thenyourSmartScan
willbeconstantlyinterruptedbythefall-backtoblockI/O,andthedatabaselayerstartsdoinglogical
reads(andpossiblysingle-blockphysicalreadsaswell,iftheseblocksarenotcachedinbuffercache).
Thismeansthatyourqueryendsupwaitingmostofitstimeforrandomsingle-blockreadsasopposed
tohighperformanceSmartScanning.Followingistheresponsetimeprofilefromatestsessionhitting
manychainedrowsandspending86percentoftheresponsetimeoncell single block physical reads
waits.Thankfully,thereisastatistictable fetch continued row (whichisusefulalsoonnon-Exadata
databases),whichcountshowmanytimeswehadtofollowa“next”rowpieceofachainedrow.Inthe
followingcasearound11320rowpieceshadtobefetchedusingsingleblockreads:

-------------------------------------------------------------------------------------- 
 SID, USER , TYPE, STATISTIC                                                 ,  HDELTA 
-------------------------------------------------------------------------------------- 
 698, TANEL, STAT, table fetch continued row                                , 11.32k 
 698, TANEL, TIME, DB time                                                   ,   3.96s 
 698, TANEL, WAIT, cell smart table scan                                     ,  5.82ms 
 698, TANEL, WAIT, cell single block physical read                           ,   3.93s 
 
--------------------------------------------------------------------------------- 
Active% | SQL_ID          | EVENT                               | WAIT_CLASS 
--------------------------------------------------------------------------------- 
    86% | axf3y5zg64vsu   | cell single block physical read     | User I/O 
    14% | axf3y5zg64vsu   | ON CPU                              | ON CPU 




Now,thischained rows processed by cellstatisticindicatesthatachainedrowwashitbySmartScan
andwasprocessedwithinthecell(exactlytheoppositeofwhatwejustsaid).Thisstatisticgets
incrementedinaspecialcaseofintra-block chaining,inwhichthenextrowpieceisstoredinthesame
blockasthecurrent(head)rowpieceofachainedrow.Intra-blockchainingisusedforstoringrowswith
morethan255columns.Insuchcasesthestoragecellnoticesthatitjusthastofetchtherestoftherow
fromthesameblock,whichitalreadyhasopenedandcanprocessthischainedrowwithoutresortingto
databaseblockI/O.
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Note:Thischainedrowperformanceproblemappliesonlytoregulardatablocksandthosecompressedwith
regularblock-levelcompression(LOADorOLTP).Luckily,itisnotaproblemforEHCC-compressedtablesatall,as
inEHCCtherowsandcolumnsarephysicallyorganizeddifferently.Also,thisissuedoesnotapplytomigrated
rows(wheretheentirerowhasmovedtoanotherblockduetoanupdate,leavingonlyastubheadpiecebehind)
whenfull-scanningthroughasegment.Thefullscan/SmartScanjustignorestheheadpiecesofmigratedrows,
astheentirerowisphysicallyelsewhere.NotethatupdatescauseotherefficiencyissuesforHCC-compressed
tables,evenifchainedrowsarenotaproblem.

Anotherinterestingcaseofrowchainingpeculiaritiesiswhenyouhaveover255columnsinatable.
Evenwhenthetotalrowsizeissmallenoughtofitinsideasingleblock,withover255columns,Oracle
wouldstilldointra-block chaining,inwhichtherowischainedbutalltherowpiecesarephysically
insidethesameblock.ThiswasneededbecauseOraclewantedtomaintainbackwardcompatibility
whentheyincreasedthecolumnlimitfrom255to1000inOracle8.0.The“columncount”byteinarow
pieceisjustonebyte,allowing255columnsperrowpiece,butthankstochainingyoucanhavemore
columnsinnextrowpiece(s).This,however,causedinitiallysomeperformanceproblemsforExadata
SmartScans,whereevenintra-blockrowchainingresultedinalotofsingleblockreads.Howeverthis
bug(#9291589)wasfixedinOracle11.2ExadataPatchBundle4(BP4)andyoushouldn’tseeitanymore.
Itwasquiteaninterestingproblemtotroubleshoot;ifyouareinterestedinseeingmoredetails,
includingthetroubleshootingsequence,youcanreadTanel’s“TroubleshootingExadataSmartScan”
articleaboutit:

http://blog.tanelpoder.com/oracle/exadata/troubleshooting/ 



chained rows rejected by cell 

Thisstatisticshowshowmanychainedrowswerenotprocessedinthecell.Wedon’tknowyettheexact
reasonforrejectionasopposedtoskipping(asinthenextstatistic,chained rows skipped by cell).During
testing,mostofthechainedrowswillcausethenextstatistictobeincremented.Sofarweassumethat
thisrejectionisjustaspecialcaseofnotprocessingthechainedrowinthecellandfallingbacktoblock
I/Oindatabaselayer.

chained rows skipped by cell 

Thisisoneofthemainstatisticstolookatwhentroubleshooting“forced”single-blockreadissuesin
SmartScanscausedbyrowchaining.Followingisamoreextendedoutputfromtheprevioustestcase:



http://blog.tanelpoder.com/oracle/exadata/troubleshooting/
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-------------------------------------------------------------------------------------- 
 SID, USER , TYPE, STATISTIC                                                 , HDELTA 
-------------------------------------------------------------------------------------- 
 698, TANEL, STAT, consistent gets                                           ,  23.02k 
 698, TANEL, STAT, consistent gets from cache                               ,  11.29k 
 698, TANEL, STAT, consistent gets from cache (fastpath)                     ,   3.78k 
 698, TANEL, STAT, consistent gets direct                                    ,  11.73k 
 698, TANEL, STAT, table fetch continued row                               ,  11.32k 
 698, TANEL, STAT, cell blocks processed by cache layer                    ,  12.91k 
 698, TANEL, STAT, cell blocks processed by txn layer                        ,  12.91k 
 698, TANEL, STAT, cell blocks processed by data layer                       ,  11.44k 
 698, TANEL, STAT, chained rows skipped by cell                             ,   6.88k 
 698, TANEL, STAT, chained rows rejected by cell                             ,      28 
 698, TANEL, TIME, DB time                                                   ,   3.96s 
 698, TANEL, WAIT, cell smart table scan                                     ,  5.82ms 
 698, TANEL, WAIT, cell single block physical read                           ,   3.93s 
 
--------------------------------------------------------------------------------- 
Active% | SQL_ID          | EVENT                               | WAIT_CLASS 
--------------------------------------------------------------------------------- 
    86% | axf3y5zg64vsu   | cell single block physical read     | User I/O 
    14% | axf3y5zg64vsu   | ON CPU                              | ON CPU 
 

FromthesestatsyoucanseehowOraclehasskippedabout6880chainedrowsinthecell(andhassent
theseblocksbacktothedatabaseforregularprocessing).Anotherindicatoristhetable fetch continued 
rowstatistic,whichissignificantlyhigherthanchained rows skipped by cell.Thisisbecauseinthe
example,someoftherowsweresobigthattheydidn’tevenfitintotwoblocks,butspannedthree
blocks.Thusforsomerows,twofetchesofthe“next”rowpieceshadtobedoneinthedatabase.Also
notehowtheconsistent gets value,whichcountsallCRgetsdonebothinthedatabaseand incellby
SmartScan,isaround23000.Atthesametime,thesubcounters,consistent gets from cache(CRgetsdone
bythedatabaselayer,frombuffercache)andconsistent gets direct(consistentgetsdoneincellinthis
case)indicatehowmuchoftheCRworkwasdoneatthecelllevelandhowmuchwasadditionallydone
atthedatabaselevel.

Asaconclusionaboutchainedrows,thenexttimeyouseethatyourSmartScaniswaitingforlotsof
cell single block physical readsandisdoinglogicalI/Oinsidethedatabaselayer(consistent gets from 
cache),oneofthethingstocheckistheabovementionedstatisticstoseewhetheryouarehittingchained
rowsandhavetoprocesstheminthedatabase.Ofcourse,don’tforgetthattheSmartScansoffloadonly
thelargesegmentscanworkload,butifyourqueryplancontainsotherrowsources,indexrangescansor
small,cachedtablescans,thenseeinglogicalI/Osandsingle-blockphysicalreadsisexpected.Luckily
youcanusewaitinterfacedatainASH,V$SESSIONorSQLTracetoseeagainstwhichobjectsthesesingle
blockreadsaccessed.Thecurrent_obj#columninASHandobj#fieldinrawSQLtracefilerefertothe
object_idofthetable(orindexorpartition)thesessionisreadingfrom.

physical read requests optimized 

ThisstatisticshowshowmanyI/Orequeststodiskwereavoidedeitherbyreadingthedatafromflash
cacheinsteadofdisksorthankstothestorageindexI/Oelimination.Thisstatisticisalsopropagatedto
V$SQL/V$SQLSTATSandV$SEGMENT_STATISTICSviews.
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physical read total bytes optimized 

ThisstatisticshowshowmanybytesworthofphysicaldiskdriveI/Owasavoidedeitherbyreadingit
fromflashcacheorthankstostorageindexI/Oelimination.Whenyoualsoseethestatisticcell physical 
I/O bytes saved by storage indexequallyincrease,thismeansthatI/Owascompletelyavoidedthanksto
storageindexes.Ifthestorageindexsavingsaresmallerthanthetotaloptimizedbytes,thentherestof
theI/Owasoptimizedthankstoreadingitfromflashcache,insteadofthegoodoldspinningdisks(but
I/Otoflashcardsdidstillhappeninternally).Interestingly,thisstatisticisnotpropagatedto
V$SQL/V$SQLSTATSandV$SEGMENT_STATISTICSviews(atleastasofOracle11.2.0.2).

KevinSays:“I’veneverreallyagreedwiththisparticularcounter.WhileitistruethatareadfromExadata
SmartFlashcacheisoptimized,whencomparedtoareadfromaharddisk,itisinnowayasoptimizedasanI/O
thatdidn’thappen.Inmymind,thesavingstrackedbythisstatisticarejusttoodissimilartobeallthathelpful.”

table fetch continued row 

ThisstatisticisnotExadata-specificbutisrelevantwhentroubleshootingunexpectedsingle-blockreads
donebythedatabase,whileaSmartScanisused.ThisstatisticcountshowmanytimesOraclehadto
fetchanextrowpieceofachainedrow(usingaregularsingleblockread).

table scans (direct read) 

ThisstatisticisnotExadata-specific;itisseeninanyOracledatabasethatisdoingfulltablescanson
tablesegmentsusingdirectpathreads.Duringserialexecution,thisstatisticisincrementedinthe
beginningofthetablescan,butwithparallelexecution,itisincrementedeachtimeaslavestarts
scanninganewrowidrangedistributedtoit.DirectpathreadsareaprerequisiteforSmartScansto
happen,soifyoudon’tgetyourquerytouseSmartScans,checkwhetheradirectpathreadisusedfor
scanningthetable.

table scans (long tables)

Thisisasimilarstatistictothepreviousone,butitshowswhetherthetablescannedwasconsideredto
belargeornot.Actually,Oracleconsidersthisseparatelyforeachsegment.Sosomepartitionsofatable
maybeconsideredsmall,somelarge.Ifthesegment(uptothehighwatermark)isbiggerthan10
percentofthebuffercache,thetableisconsideredlargeanddirectpathreadsareconsideredevenfor
serialscans.(Butnotethatthisdecisionlogictakesotherthingsintoaccount,likehowmanyblocksof
thatsegmentalreadyhappendobeinbuffercache.)The10percentofthebuffercacheruleactually
comesfromthe_small_table_thresholdparameter.Thisparameterdefaultsto2percentofbuffercache
size(inblocks),butOracleuses5×_small_table_thresholdasitsdirect-path-scandecisionthreshold.
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Understanding SQL Statement Performance 
ThissectionfocusesontheSQLstatement’sperformancemetricsandunderstandingwhereastatement
isspendingitstimeandwhereitsbottlenecksare.Wewilllookatthemetricsavailableandwhentouse
them,butwewillcoverthevariousSQLperformancemonitoringtoolsinthenextchapter.

Exadata-specificperformancestatisticsofindividualSQLstatementsmaybemonitoredusingthe
followingviews:

• V$SQL andV$SQLAREA

• V$SQLSTATS andV$SQLSTATS_PLAN_HASH

• V$SQL_MONITORandV$SQL_PLAN_MONITOR

• V$ACTIVE_SESSION_HISTORYandtheDBA_HIST_ACTIVE_SESS_HISTORYpersistedinto
AWRrepository

NotethatalltheExadata-specificmetricsyouseeinV$SQL*viewsarereallythesameonesyoucansee
fromV$SESSTATviews.Theycomefromthesamesourcesbutarejustaccumulateddifferently.V$SESSTAT
accumulatesstatsforasession,regardlessofwhichSQLstatementorcommandincrementedthem,
whiletheviewswithaV$SQLprefixaggregatestatsfordifferentSQLstatements,regardlessofthesessions
executingthem.So,itispossibletoseesomeExadatametricsaggregatedbyaSQLstatement.

HereisanexampleoftheV$SQL*view’scolumns(therearemanymorecolumnsinV$SQLviews,but
we’llshowthosemostrelevanttoourtopicathand):

 

   SQL> DESC v$sql 
 
     Name                            Null?    Type   
     ------------------------------- -------- ---------------------------- 
     SQL_TEXT                                 VARCHAR2(1000) 
     SQL_ID                                   VARCHAR2(13) 
     EXECUTIONS                               NUMBER 
     PLAN_HASH_VALUE                          NUMBER 
     CHILD_NUMBER                             NUMBER 
     CPU_TIME                                 NUMBER 
     ELAPSED_TIME                             NUMBER 
     ... 
     IO_CELL_OFFLOAD_ELIGIBLE_BYTES         NUMBER 
     IO_INTERCONNECT_BYTES                  NUMBER 
     PHYSICAL_READ_REQUESTS                   NUMBER 
     PHYSICAL_READ_BYTES                      NUMBER 
     OPTIMIZED_PHY_READ_REQUESTS            NUMBER 
     IO_CELL_UNCOMPRESSED_BYTES             NUMBER 
     IO_CELL_OFFLOAD_RETURNED_BYTES         NUMBER 
 

TheboldcolumnsarespecifictoExadata(althoughnon-Exadatadatabasesalsohavethesecolumns,
thankstothesingledatabasesoftwareusedbothforExadataandnon-Exadatadatabases).
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Table 11.1. V$SQL Columns and Their Meanings 

Column Name Metric Meaning 

IO_CELL_OFFLOAD_ELIGIBLE_BYTES Howmanybytesworthofsegmentreadswereoffloadedto
thecells.Thecellseitherdidreadthisdataorskippeditif
storageindexeshelpedtoskipblockranges.Thismetric
correspondstothecell physical IO bytes eligible for 
predicate offloadstatisticinV$SESSTAT.

IO_INTERCONNECT_BYTES 
Thetotaltrafficbytes(readandwrite)sentbetweenthe
databasenodeandcells.Notethatthankstothebug
10036425mentionedearlier,theIO_INTERCONNECT_BYTES
columnispopulatedalsoonnon-Exadataplatforms,but
youcanignoreitonthesesystems.

OPTIMIZED_PHY_READ_REQUESTS ThenumberofdiskIOrequeststhatwereeither
completelyavoidedthankstostorageindexesordone
againstcellflashcachecards.

IO_CELL_UNCOMPRESSED_BYTES Thesizeofuncompresseddatathecellshavescanned
throughduringaSmartScan.Notethatthecellsdonot
havetoactuallyuncompressallthedatatoknowthe
uncompressedlength.TheEHCCcompressionunit
headersstoreboththecompressedanduncompressedCU
lengthinfointhem.Thismetricisusefulforestimatingthe
I/OreductionfromEHCCcompression.Notethatthis
metricworksforEHCCsegmentsonly.Forregularblock-
levelcompression,thismetricjustshowsthecompressed
sizeofdata.

IO_CELL_OFFLOAD_RETURNED_BYTES Thismetricshowshowmuchdatawasreturnedasaresult
fromanoffloadedSmartScanaccesspath.Thisisamain
indicatorofsmartscanoffloadingefficiencywhen
comparedwithIO_CELL_OFFLOAD_ELIGIBLE_BYTES (to
measuretheIOreductionbetweencellsanddatabase)or
IO_CELL_UNCOMPRESSED_BYTESwhenmeasuringthetotalIO
reductionthankstooffloadingandcompression.



HereisexampleoutputfromaqueryonanEHCC-compressedtablewherethetablescanwasoffloaded
tothecell.TheV$SQLtableoutputispivotedforbetterreadability:
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SQL> SELECT SUM(object_id) FROM t4_hcc_query_high WHERE owner LIKE 'S%'; 
 
SUM(OBJECT_ID) 
-------------- 
    3.9741E+12 
 
 
SQL> SELECT * FROM v$sql WHERE sql_id = '0rv137mgwpnkx'; 
 
(output pivoted and edited for better readability) 
 
IO_CELL_OFFLOAD_ELIGIBLE_BYTES: 6188924928 
IO_INTERCONNECT_BYTES         : 720233312 
PHYSICAL_READ_REQUESTS        : 6547 
PHYSICAL_READ_BYTES           : 6188982272 
PHYSICAL_WRITE_REQUESTS       : 0 
PHYSICAL_WRITE_BYTES          : 0 
OPTIMIZED_PHY_READ_REQUESTS   : 7 
LOCKED_TOTAL                  : 1 
PINNED_TOTAL                  : 2 
IO_CELL_UNCOMPRESSED_BYTES    : 112741585171 
IO_CELL_OFFLOAD_RETURNED_BYTES: 720175968 
 

InthiscasetheIO_CELL_OFFLOAD_RETURNEDbytesismuchsmallerthantheIO_CELL_OFFLOAD_ELIGIBLE
bytes;thus,theSmartScandefinitelydidhelptoreducethedataflowbetweenthecellsandthe
database.Furthermore,theIO_CELL_UNCOMPRESSED_BYTESiswaybiggerthanthePHYSICAL_READ_BYTES,
whichindicatesthattheEHCChelpedtoreducethenumberofbytesthathadtobereadfromdiskby
thecells,thankstocompression.NotethattheIO_INTERCONNECT_BYTESisnotmuchgreaterthanthe
IO_CELL_OFFLOAD_RETURNED_BYTES,whichindicatesthatforthisSQL,almostallthetrafficwasduetothe
datareturnedbySmartScans.TherewasnoextratrafficduetootherreasonslikeTemptablespace
reads/writesthankstonon-optimalsorts,andtherewerenohashjoinsorotherwork-areaoperationsor
databaseblockI/Os,thankstochainedrowsorin-databaseconsistentreadprocessing.

Note:SmartScanningmakesdataretrievalfromsegmentsfaster,butitdoesn’tdoanythingtospeedup
joining,sorting,andaggregateoperations,whichareappliedafterthedatahasbeenretrievedfromthesegments.
AnotableexceptionistheBloomfilterpushdowntocells,whichallowsthecellstofilterthedatafromtheprobe
tableusingahashbitmapbuiltbasedonthedrivingrowsource’sdatainthehashjoin.

WhilethisexampleusedtheV$SQLview,whichshowsSQLchildcursorlevelstatistics,youcouldalso
useV$SQL_PLAN_MONITOR(thecolumnsPLAN_LINE_ID,PLAN_OPERATION,andsoon)tomeasurethese
metricsforeachexecutionplanline.Thisisusefulbecauseasingleexecutionplanusuallyaccessesand
joinsmultipletables,anddifferenttablesmaybenefitfromtheSmartScanoffloadingdifferently.Wewill
lookatsomescriptsandtoolsthatusethisdatainthenextchapter.
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Summary 
TheemphasisofthischapterwasonunderstandingExadataperformanceandthevariousrelated
metricsOracleoffersforus.ItisimportanttorememberthattheExadataSmartScanpotentiallymakes
yourdataretrievalscanningfaster,butSmartScanshappenonlywhendirectpathreadsandfull
segmentscansareused.Also,rememberthatitisnotpossibletodeterminewhetheraSmartScan
actuallykickedinjustbylookingattheexecutionplanalone.Youshouldalwayscheckadditional
metrics,likewhetheryouseethe cell smart table/index scanwaiteventsinyoursessionandwhetherthe
IO_CELL_OFFLOAD_ELIGIBLE_BYTES(inV$SQL)orcell physical I/O bytes eligible for predicate offload
statistic(inV$SESSTAT)increaseswhileyourunyourSQL.Manyoftheothermetricsexplainedherewill
hopefullybehelpfulforunderstandingandtroubleshootingadvancedperformanceissues,suchaswhen
aSmartScankicksinbutisthrottledbyamultitudeofspecialconditionslikechainedrows,consistent
readrollbacks,orjustrunningoutofcellserverresources.Inthenextchapterwewillseehowtousethis
knowledgeinmonitoringandtroubleshootingExadataperformance,andwewilllookdeeperintothe
cell-levelperformancemetricsfromcellsrvandtheoperatingsystem,too.
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Monitoring Exadata Performance 

BynowyouhavelearnedaboutthekeyExadataperformancefeaturesandtherelatedperformance
metrics.Let’sseehowwecanusetheseforeverydaytasks.Wewilllookatstandardtoolsavailablefor
database-layerandcellperformancemonitoring,andhowtointerprettheiroutput.

OracleDatabaseandtheExadatacellsprovideahugevarietyofdifferentmetrics,butbefore
monitoringanymetrics,youshouldaskyourselfwhyyouaremonitoringthem.Additionally,youshould
knowwhatyouractionwouldbeifametriccrossessomethreshold.Thisleadstothefollow-up
question:whichexactthresholdshouldpromptsomeactionfromyou—andwhy?Inotherwords,you
shouldknowwhatareyoutryingtoachieve(goodresponsetimesforusers)andhowperformance
metricsrelatetothat.

Themonitoringtaskscoveredherecanbedividedintothefollowingcategories:

• SQLstatementresponsetimemonitoring

• Databaselayerutilizationandefficiencymonitoring

• Storagecelllayerutilizationandefficiencymonitoring

• AdvancedmetricsandmonitoringforExadataperformancetroubleshooting

NotethatwewillfocusontheExadata-specificperformancetopicshereandnotthewholewide
rangeofotherOracleperformancetopics,likelockcontentionorgeneralSQLperformanceissues.

A Systematic Approach 
Whatevermetricsyoumonitor,youshouldhaveapurposeinmind.Inotherwords,don’tcollectand
displaymetricsjustbecausetheyareavailable;thiswillleadyounowhereorpotentiallyevenmislead
youtofixingthewrongproblem.Notethattheterm“performance”isvague—differentpeoplemay
meandifferentthingswhentheyuseit.FromanITsystemuser’sperspective,performanceisultimately
onlyaboutonething—responsetime.Andnotsomeresponsetimesofindividualwaiteventsmeasured
atalowlevel;theendusersdon’tcareaboutthat.Theydocareabouthowmuchtheyhavetowaitfor
theirbusiness tasktocomplete,likethetimeittakesfromthereportsubmissiontoactuallyseeingits
output.Thistimeismeasuredinregularwall-clocktime;it’sassimpleasthat.

Ifyourpurposeinmonitoringistoensuregoodresponsetimesforyourapplicationusers,thenyou
shouldmeasurewhatmatters—responsetimeasyourend-userexperiencesit.Thiswouldbetheideal
entrypointtoperformancemonitoring.Inadditiontothisentrypoint,youshouldmeasuremore
detailedlower-levelmetricstobreaktheenduserresponsetimedownintoindividualcomponents,like
timespentinanapplicationserveranddatabasetime.Yourapplicationinstrumentationand
monitoringtoolsshouldkeeptrackofwhichdatabasesessionswereusedforwhichend-usertask,so
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youcanreportwhattheseexactdatabasesessionsweredoingwhenauserexperiencedunacceptable
responsetimes.

Note:Wedeliberatelysaidunacceptable response timeshereinsteadofjust“userexperiencedperformance
problems.”Wheneveranyonecomplainsaboutaperformanceproblem,youshouldclarifywhattheyactuallymean
bythatandhowitwasmeasured.Doesanyuseractuallyexperiencefartoolongresponsetimesintheir
application,ordidsomemonitoringsystemmerelyraiseanalarmabout“toohigh”CPUutilizationoranyother
secondarymetriclikethat?Yoursubsequentactionswoulddependontheproblemyou’retryingtosolve.Ideally,
youshouldnotuseaperformancetoolorOraclemetricfordeterminingwhetheryouhaveaperformanceproblem.
Yourstartingpointshouldbetheusers(whoreportaproblem)orapplication-levelmetrics,whichseethedatabase
responsetimefromtheapplicationperspective.Nomatterhowgoodthedatabasemetricslook,iftheapplication
waitsforthereportcompletionforages,youhaveaperformanceproblemtodrilldowninto.Conversely,nomatter
how“bad”yourdatabasemetricsseemtobe,ifyourapplicationresponsetimesaresatisfactory,youdon’thave
anacuteneedtostartfixinganything.

Whenexaminingperformancemetricsbecauseofanongoingproblem(oftoolongresponsetimes),you
shouldstartbyidentifyingthesessionsservicingthisslowapplicationorjobandthendrillingdowninto
thatresponsetime.Itwouldbemorecorrecttocallthisperformancetroubleshooting,notjust
monitoring.

Notethatthereareotherkindsofperformancemonitoringtasks,whichyoumaywanttodo—for
example,proactiveutilizationandefficiencymonitoring.Performingthesetasksallowsyoutokeepan
eyeontheutilizationheadroomleftintheserversanddetectanyanomaliesandsuddenspikesin
systemutilizationandlow-levelresponsetimes,possiblyevenbeforeusersnoticearesponsetime
difference.Yetanotherreasonforcollectingandmonitoringperformanceandutilizationdataisfor
capacityplanning—butcapacityplanningisoutsidethescopeofthisbook.Also,becausethisisa
databasebook,wewon’tdiveintoanyend-to-endperformancemeasurementtopics,whichwould
involveidentifyingtimespentinapplicationservers,onthenetwork,andsoon.

Wewillstartbylookingathowtoidentifywherealong-runningqueryisspendingmostofitstime.
We’llalsolookathowtotellwhetheraqueryistakingfulladvantageofExadata’sperformancefeatures.

Monitoring SQL Statement Response Time 
Thebesttoolformonitoringlong-runningqueriesisOracle11g‘sSQLRealTimemonitoringpage.Itis
abletogatherallthekeyperformanceinformationontoasinglepage,eveninthecaseofparallel
executionacrossmultipleRACinstances.

TheSQLMonitoringfeaturerequiresyoutohaveaDiagnosticsandTuningPacklicense.SQL
Monitoringkicksinautomaticallyifyourunyourquerywithparallelexecutionorwhenaserialquery
consumesmorethan5secondsofI/OandCPUtimeintotal.Additionally,youcancontrolthe
monitoringfeaturewithMONITORandNO_MONITORhints.Ifyouwanttomonitoryourfrequentlyexecuted
short-runningqueries,thebesttoolforthiswouldbetouseASHdataandlistthetopwaiteventsandtop
rowsourcesfromthere(usingtheSQL_PLAN_LINEcolumnsintheV$ACTIVE_SESSION_HISTORYview).

Ifyouarealreadyawareofaperformanceproblem(perhapsyourusersarealreadycomplainingof
toolongresponsetimes),thenyoushoulduseatop-downapproachformonitoring.Youshouldidentify
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thesession(s)oftheproblematicusers’applicationsorreportsanddrilldownintowhatthesesessions
aredoingwithASH(whichgivesyoutheSQL_IDsofthetopSQLstatementsforthesesessions)and
whenneeded,thendrilldownfurtherintothetopstatementswithSQLMonitoringreports.

MonitoringSQLStatementswithReal-TimeSQL
MonitoringReports
WhenyouclicktheSQLMonitoringlinkintheEnterpriseManagerperformancepage,youwillseethe
latestmonitoredqueries.TheSQLMonitoringreportsarepresentinGridControl11gR1or10gR5
(10.2.0.5).IfyouarenotusingGridControl,thenyoucaneitherusethebuilt-inEnterpriseManager
DatabaseConsoleorruntheSQLMonitoringreportsmanuallyfromSQL*Plusasexplainedshortly.Note
thattheSQLMonitoringfeaturerequiresDiagnosticsandTuningPacklicenses.

Figure12-1showstheentrypagetotheSQLMonitoringreports.Youcangettherebyclickingthe
SQLMonitoringlinkatthebottomofthePerformancepageinGridControl.TheSQLMonitoringpage,
asseeninFigure12-1,liststhecurrentlyrunning,queued,andrecentlycompletedmonitoredSQL
executions,withsomekeyperformancemetricsanddetails,suchasthedegreeofparallelism.



Figure 12-1. Enterprise Manager’s overview of Monitored SQL Executions 

TheStatuscolumnshowsaniconwithoneoffourstatuses—running,done,error,orqueued.Whenyou
clickthestatusicon,youwillbetakentotheSQLstatement’sdetailedmonitoringpage.Oneofthemost
importantpiecesofinformationistheDurationcolumn,showinghowlongastatementhasbeenactive.
Thedurationisthewall-clocktimefromthestartofthestatementexecutionthroughthefinish,ortothe
currenttimeintheeventthestatementisstillexecuting.Figure12-2illustratesthedifferencebetween
duration(wall-clock)andCPUtimeinstatementexecution.
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Figure 12-2. Statement Duration compared to Database Time in the SQL Monitoring page 

TheDurationcolumnshowswhatuserscareabout,whichistheresponsetimeofaquerysincetheSQL
executionstart.ThisisthetimetheyhavehadtowaitfortheSQLtocomplete.Ofcourse,theendusers
mayhavehadtowaitformuchlongerthanthedurationofthequery,asthepageinFigure12-2shows
onlythedatabaseresponsetime.Timemayhavealsobeenspentintheapplicationlayerorthenetwork
connectioninbetweentheuserandtheapplicationserver.

ItisimportanttoknowthatthedurationmeasurestimefromSQLexecutionstartallthewayuntil
thecursorisclosedorcancelled(forexample,whenalldataisfetchedfromit).Thismeansthatifyour
databasecanprocessthequeryin30seconds,butthenmillionsofrowsarefetchedafewatatime,your
querywilltakealongtimeasfarastheapplicationisconcerned(thankstothenetworkping-pong),but
infactonlyalittletimeisspentprocessingwithinthedatabase.TheDurationcolumnstillshowslong
query“runtime,”asthecursorisstillkeptopenforfetchingofthedata.Remember,theduration
measurestimefromwhenthecursorisexecutedallthewaytowhenitisfinallyclosedafterallthe
fetchesaredoneortheapplicationhasfetchedenough.

Thisleadsustothenextimportantmetric—DatabaseTime,seeninthesixthcolumninFigure12-2.
TheDatabaseTimemetricshowsthetotaltimeyourqueryspentexecutingin the database.So,ifyou
runaserialDMLthatrunsfor60secondsandspendsallofthetimeexecutinginsidethedatabase,you
willendupseeing60secondsofdatabasetime,too.However,ifyouarerunningsomeSELECTstatement
andarefetchingalotofrows,causingyoursessiontospend(let’ssay)50%ofitstimeexecutinginthe
databaseandanother50%waitingforthenextfetchcommand(onceithassentanarrayofrowsbackto
theapplication),youwouldseeonlyhalfofthattotal60-seconddurationasdatabasetime.Inother
words,youwouldsee30secondsofdatabasetime,asthedatabasesessionhasbeenservicingyour
requestonlyfor30secondsandtherestofthetimeitwasidle.

LookingatthesecondentryinFigure12-2,youseethatthedurationofthequery(thetimefrom
whentheexecutionphasestarted)is4.4minutes,thequeryhasexecutedinserial(thefifthcolumn
showsthat),andithasconsumedonly2.4minutesofdatabase time.Sothisindicatesthattheexecuting
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sessionhasbeendoingsomethingelsefor2minutes.Itwaseitheridle(probablywaitingforthenext
fetchrequest)orexecutingsomeotherstatement(whilethefirststatement’scursorwasstillopen).

Theexamplewejustdiscussedwasaboutasingleserialquery.Whenyourunaparallelquery,you
havemultiplesessionsexecutingpiecesofthesamequeryforyou.Thenthedatabasetimemightendup
beingmuchhigherthantheduration(responsetime)ofyourquery.IfyoulookatthefirstentryinFigure
12-2,youseeastatementwithdurationof19seconds,butthetotaltimespentinthedatabaseis9.5
minutes.Whenyoulookattheparallelcolumn,youseethatthesessionwasexecutedwithparallel
degree32,whichmeansthatyouhadmultiplesessionsactivelyworkinginthedatabaseforyourquery.
Alloftheseparallelsessions’databasetimeplusthequerycoordinator’stimeisaddedintotheDatabase
Timecolumn.Thisdatabasetimegivesanideaofhowmuchworkwasdoneinthedatabase.But
becausethestatementwasparallelized,youdon’thavetowaitforthatlong.Ifyouranthatsamequery
inserialmode,thenthedatabasetimewouldbeintheballparkofhowmuchtimeyoumighthaveto
wait.(Pleasetakethatlaststatementwithagrainofsalt,asinpracticemanyotherthingsmayhappenin
SQLexecutionwhenswitchingfromparallelexecutiontoserial,soyoumighthavesomepleasantor
unpleasantsurprisesintheresponsetime).

NotethattheseentriesintheSQLMonitoringoverviewpagearenotSQLstatement-specific,but
SQLstatement execution-specific.So,iftwousersessionswererunningthesamestatement,youwould
seetwoseparateentriesinthislist.Thisallowsyoutoexamineexactlywhattheproblemiswitha
specificuser(whoiscomplaining)asopposedtolookingatstatement-levelaggregatemetrics(likethose
V$SQLprovides)andtryingtofigureoutyouruser’sproblemfromthere.

Real-Time Monitoring of Single Long-Running Query 

Onceyouhaveidentifiedyourqueryofinterestfromthelistofalllong-runningqueries,youcanclickon
its“running”iconintheleftsideofthelistandyouwillbetakentotheMonitoredSQLExecutionDetails
pageshowninFigure12-3.Thispagehasanumberofsub-tabs,sofeelfreetoexploreandseeallthe
informationthat’savailablethere.
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Figure 12-3. Monitored SQL statement execution details 

TheMonitoredSQLExecutionDetailspagehasalotofinformationinit.Thispageisprettyself-
explanatoryifyouhavereadSQLexecutionplansbefore,sowewon’tgothrougheverysingledetailhere,
butwillfocusonthemostimportantmetrics.Comparedtoold-fashionedDBMS_XPLANoutput,theSQL
Monitoringpageisveryinteractive,somakesurethatyouhoveryourmouseoverandclickonalmost
everythingonthescreen,toseethefullarrayoffunctionalityavailabletoyou.

Let’sstartfromthetopsectiononthepage.Atthetopofthescreen,rightaftertheMonitoredSQL
ExecutionDetailsheader,youseealittleicon,whichshowsthestatusoftheselectedSQLstatement’s
execution.Thelittlecirclewillmeanthatthestatementisstillbeingexecuted(thecursorhasnotbeen
closednorcancelled).

TheOverviewsection,illustratedinFigure12-4,willshowsomebasicdetails,likewhichSQLIDis
beingexecuted,bywhom,andsoon.YoucanseetheSQLtextwhenyouclickonthelittle(i)iconnextto
theSQLID.YouwillseetheSQLstatementtextand,beginningwithversion11.2.0.2,youwillalsoseethe
bindvariablevaluesusedfortheexecution.Figure12-5showsthedisplaythatyougetbyclickingthat(i)
icon.
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Figure 12-4. SQL Monitoring overivew section 





Figure 12-5. Bind variable values in the SQL Monitoring detail page 

Ofcourse,whetheryoushouldusebindvariablesforyourlong-runningreportsandDWqueriesisan
entirelyseparatequestion.Youshouldn’tusebindsforlong-runningqueriesinyourDW;you’dwantto
sacrificesomeresponsetimeforhard-parsinganewqueryplanforeachcombinationofliteralvalues
andpossiblygetanoptimalplanforeachvariableset.Nevertheless,monitoringbindvariablevaluesof
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analreadyrunningqueryiseasywithOracle11.2.0.2andlater,becauseyounolongermustresorttothe
ORADEBUG ERRORSTACKcommand.

TheTime&WaitStatisticssectioninFigure12-6showsthefamiliarmetricsofDurationand
DatabaseTimeofastatement.Moveyourmouseoverthedifferentdatabasetimecomponentstosee
howmuchtimewasspentwaitinginsidethedatabasecomparedtorunningonCPU.TheWaitActivity%
barshowsthebreakdownofwaitevents.Notethatthe100%inthisbarmeans100%ofthewait time 
componentofdatabasetime,notoftheentiredatabasetime(whichalsoincludesCPUtime).





Figure 12-6. Time and Wait Statistics in the SQL Monitoring detail page  

TheIOStatisticssectioninFigure12-7ashowssomekeyI/Ostatisticsforstatementexecution.




Figure 12-7a. I/O Statistics in the SQL Monitoring detail page 

TheBufferGets barshowsthetotalnumberoflogicalI/Osdoneinboththedatabaselayerandthe
cells(ifSmartScankickedin).TheIORequestsandIOBytesstatisticsareself-explanatory,butnotethat
thosemetricsshowallI/Odoneforthegivenstatement,whichincludestheSmartScanI/O,anyregular
blockI/O,andalsoTEMPtablespaceI/O(doneforsorting,hashjoins,andforanyotherworkarea
operationsthatdidn’tfitintoallowedPGAmemory).NowyoushouldbegintounderstandwhytheCell
OffloadEfficiencyisnegativeforthestatementexecutioninthefigure.Thismetricshouldideallyshow
thepercentageofdisk-to-database-hostinterconnecttrafficthatwasavoidedthankstotheSmartScans
performingfilteringandprojectionearlyinthecellsandreturningonlyasubsetofdata.However,ina
complexexecutionplanthereismuchmoregoingonthanjustaSmartScanagainstasingletable.You
havejoins,aggregateoperations,sorting,anddirectpathdataloads,whichalluseextraI/Obandwidth,
drivingtheoffloadefficiencypercentagedown.Thisisagoodexampleofwhyfocusingononlyasingle
ratioisnotagoodidea.Thesinglepercentagevalueforoffloadefficiencyhidesalotofinformation,such
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aswherethepercentagetakenwasfromandtherealvaluesbehindit.Youcanmoveyourmouseover
thepercentageandseetheunderlyingvaluesusedforthecalculation.

Sowhenmovingyourmouseovertheratio(seeFigure12-7b),you’llseethatthecellsdidread
486GBfromdisks,butmuchmoredata(715GB)wasactuallysentbackandforthovertheinterconnect.
ThemetricexplanationsinFigure12-7bareactuallyincorrect.TheBytesReadFromDisksactually
meanstotalbytesofreadsandwritesthatOracleDatabasehasissued,notjustforSmartScans,butfor
anyreason.AndtheBytesReturnedFromExadataactuallymeansthetotalinterconnecttrafficbetween
thedatabaseandthecells,causedbyanyreason,suchasblockreadsandwritesandarraysofreturned
rowsbySmartScans.





Figure 12-7b. Cell Offload Efficiency ratio in the SQL Monitoring detail page  

IfyouarewonderingwhytheI/Ointerconnectbytesis715GBwhentheactualdatabase-issuedI/O
isonly486GB,theexplanationisinhowthesemetricsaremeasured.ThedatabaseI/Ometric(theBytes
ReadFromDiskinFigure12-6)ismeasuredbythedatabaselayer,whiletheI/Ointerconnectbytesis
measuredbythelow-levelinterconnect/Oraclenetworkinglayer.Andoneofthelayersinbetweenisthe
ASMlayer,whichmanagesthesoftwaremirroring,amongotherthings.SotheinterconnectI/Otrafficin
thiscaseishigherthanthedatabasetrafficthankstothewriteoperationsdonebytheSQLstatement,
whichhadtobemirroredbytheASMlayer.SoeveryMBwrittenbydatabase(whetherbecauseofdirect
pathloadorsomeworkareaoperationspillingtotemporarytablespace)resultedinthewritingof2MB
ofdatathankstoASMnormalredundancymirroring.

Thereareotherreasonswhytheinterconnecttrafficmaybehigherthantheactualamountofdata
read.OneexampleisHCCcompressedtables.Ifyouhavecompressedyour10GBpartitiondownto1GB,
thenyouwillhavetodo1GBworthofI/Otoreadit.ButnowiftheSmartScanuncompressesthisdatain
thecellsontheflyandreturnsallthat10GBofuncompressed databackovertheinterconnect(assuming
noprojectionorfiltrationinthecellwasdone),theI/Ointerconnectbyteswillbemuchhigherthanthe
amountofdatareadfromdisks.ThiswoulddrivetheCellOffloadEfficiencydownto10%forthis
exampleSmartScan.Allthisisyetanotherreasonwhyyoushouldn’tfocussolelyonimprovingjustthe
CellOffloadEfficiencyratio,butshouldratherlookintowhereresponsetimeisspentinstead.Timeis
whatenduserscareabout.
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Execution Plan Rowsource Details 

Nowthatyouhavecheckedthekeymetricsofyourstatementexecution—duration,databasetime,
parallelismusedandhowmuchofthedatabasetimeisspentrunningonCPUvs.waiting—it’stimeto
drilldownintothedetailsoftheexecutionplanattherow-sourcelevel.TheseareshowninFigure12-8.





Figure 12-8. Execution plan rowsource activity monitoring in the SQL Monitoring detail page 

Let’sfocusontheright-handcolumnsoftheexecutionplanoutputfirst.TheCPUActivitycolumnshows
abreakdownoftotalCPUusagebythestatementsofar.ThelongestbarattheSORT ORDER BYlineinthe
executionplanshowsthatthisrowsourceconsumed43%oftotalCPUusageofthatstatementexecution
sofar.Notethatthisis43%oftotalCPUconsumption,notoftotaldurationordatabasetimeofthe
statementexecution.YoushouldexaminetheTimeandWaitStatisticssection(shownearlier,inFigure
12-4)toseehowmuchofthetotaldatabasetimewasconsumedbyCPUusageandhowmuchbywaits.

TheWaitActivitycolumnshowsabreakdownofwhichwaiteventsthisstatementexecutionwaited
for.Again,theSORT ORDER BYrowsourcehasexperiencedthemostwaits,72%oftotalwaittimeofthat
statementexecution.Notethatthisbarconsistsoftwodifferentcolorbars.Ifyoumoveyourmouse
pointeroverthesebars,you’llseethenamesofthesewaitevents.Inthiscasethesewaitsweredirect
path read tempanddirect path write tempevents,whichyouseewithmulti-passworkareaoperations
suchassortsandhashjoins.Thiscolumnalsoshowspercentagesoftotal wait timeofthisstatement
execution,notthepercentageoftotalruntimeduration,nortotaldatabasetime.

TheIOBytescolumnshowshowmanyI/Ooperationsorbyteswerereadorwrittenbyarowsource.
Youcanright-clickonthecharttotogglethedisplayofbytesorI/Ooperations.InFigure12-8yousee
thattheSORT ORDER BYrowsourcehasdoneatotalof241GBworthofI/O.Whenyoumoveyourmouse
overthedifferentcolorbars,you’llseethedetailsabouthowmuchwaswrittenandhowmuchwasread
(roughly50/50,asthechartseemstoshow).TheexecutionplanstepLOAD AS SELECTaboveithaswritten
about125GBofdatatodisk.Notethatthis125GBofdataismeasuredattheOracledatabaselevel,but
thelower-levelASMlayerwilllikelymirror(ortriple-mirror,dependingonyourconfiguration)these
writes,soactuallytwiceasmanybyteswerewrittenphysicallytodisks.YoucanchecktheCellPhysical
IOInterconnectBytessessionstatistictoseehowmuchdatawasreallysent(andreceived)overthe
InfiniBandnetwork;thismetricisawareoftheASMmirrorwriteoverheadandanyotherlow-leveltraffic
too.
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Let’slookatafewmorecolumnsoftheRealTimeSQLMonitoringpage.TheTimelinecolumnyou
seeinFigure12-9isoneofthemostimportantcolumnsforunderstandingwheretheSQLstatement
spendsitstime.





Figure 12-9. Row-source activity timeline in the SQL Monitoring detail page  

TheTimelinecolumninthefigureshowsavisualtimelineofindividualexecutionplanrowsources’
activity.ItisbasedonASHsamples;ASHcollectsSQLexecutionplanline-leveldetailsstartingfrom
Oracle11gR1.LookintothebracketsintheTimelinecolumnheader.Thisshouldshowyouthetotal
runtimedurationofthisSQLexecution,2226secondsinthiscase(around37minutes).Sothetotal
widthofthetimelinecolumnmeansabout37minutesofwall-clockruntime.Nowit’seasytovisually
interpretthelengthandpositionofthesebarsineachrowsourceintheexecutionplan.Whenyoulook
attheTABLE ACCESS (FULL)T4rowsourceatthebottomoftheplan,youseethatthistablescanwas
activefromthebeginningoftheexecutionandcontinueduptoaroundtwo-thirdsofthetotalTimeline
(toaround1400seconds)andthenitcompleted.Soitlookslikethistablescanwasactiveduringmostof
theexecutiontime.

Oracleexecutionplansaretreesofrowsourcefunctionswithstricthierarchyenforced,soachild
rowsourcecanpassitsresultsonlytoitsdirectparent.Inourcase,theTABLE ACCESS FULL againstT4
fetchedsomerowsandpassedthembacktoitsparentoperation,PX BLOCK ITERATOR,whichthensent
therowsbacktothePX SEND RANGE operator,whichknowshowtosendresultstootherslavesviathePX
TableQueuebuffersintheSGA.AnothersetofslavesreceivedtheserowsusingthePX RECEIVE 
rowsourceandpassedtheserowstotheirparent,theSORT ORDER BY rowsource,whichperformedthe
sortingoftheserows.Thenthe SORT ORDER BY rowsourcejustrepeateditsloopandaskedformorerows
fromitschildoperatorPX RECEIVE,whichthenread(consumed)thetablequeuebuffersformorerows
puttherebythefirstsetofslaves(producers).WearenotgoingdeeperintoSQLexecutionengine
internalshere,buthopefullythisexamplehasillustratedthehierarchicalnatureoftheSQLexecution
andhowthedata“flows”upwardthroughtheexecutionplantreetowardtherootofthetree(CREATE 
TABLE STATEMENTinthiscase).

Whenyoulookatthetimelinebars,youseethatallthebarsstartingfromPX RECEIVEandbelowit
startedroughlyatthesametimeandendedroughlyatthesametime,too.Wesayroughly,becausethis
datacomesfromASHsamples,sampledoncepersecondonly,sowedon’thavemicrosecondaccuracy
here.Andwedon’tneeditanyway,asourqueryrunsformuchlongerthanasecond.Butanyway,the
timelinebarsindicatethatthetablescanningpartofthequery,includingthese“datatransportation”
stepsforthatdata(PX RECEIVE,PX SEND RANGE,andPX BLOCK ITERATOR)tookaround66%ofthetotal
queryresponsetime.Ifwewanttomakeourqueryfaster,weshouldprobablyfocusonthatpart.we
shouldeitherscanlessdata,filtermore(incellshopefully),accesslesspartitionsorjustincreasethe
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scanningthroughput(byincreasingparallelisminthiscase,becausethisTABLE ACCESSrowsourcewasn’t
waitingtoomuchforI/O,asshowninFigure12-8,it’snotI/O-boundyetandthedatabasenodeshad
plentyofCPUresourceleft).

Whenyoulookattheupperrowsources(LOAD AS SELECTandhigher),youseethattheyhaveonly
beenreportedactiveinthelastthirdofthequeryresponsetime,extendingallthewaytotheendof
execution.So,ifwesomehowmadeonlythisdataloadingpartfaster,wewouldonlywinupto33%of
theresponsetimeback,evenifwecouldmaketheloadingpartinfinitelyfast.Thetableaccessand
sortingwouldstilltakethemajorityoftheresponsetime.Thetimelinebarsareveryvaluableforquickly
understandinginwhichexecutionplantreepart(branch)mostoftheresponsetimeisspent.

Thetimelinebarsarejustthefirstthingtocheck.TherearelotsofotherusefuldetailsintheSQL
Monitoringreport,too.Forexample,ifyoulookattheSORT ORDER BYlineinFigure12-9,youseethatthe
sortoperationhasbeenactivethroughoutthewholeexecutionofthisstatement.Andifyouknowthe
basicsofsorting,itshouldmakesense—thesortingrowsourcewasactiveforthefirsttwo-thirdsofthe
timebecauseitwasfetchingdataintosortbuffersandsortingit(andspillingsomedatatotemporary
tablespace).Afterthesortitselfwascomplete(thechildrowsourcereturnedan“endofdata”condition),
thesortingrowsourcefunctionhadstillhadtobeinvoked.Itisbyinvokingthatfunctionthatthesort
operationreturnsthesortedrowstoitsparentoperation.Thisiswhytheparentrowsourcesbecame
activeonlytowardtheendoftheexecutiontimeline—becausealltherowshadtobefetchedandsorted
first,beforeanythingcouldhavebeenreturnedforfurtherprocessing.Andoncealltherowswere
fetchedandsorted,therewasnoreasonfortheSORT ORDER BYrowsourcetovisititschildrowsources
again.ThisiswhythetimelinebarforTABLE ACCESSendedataroundtwo-thirdsofthetotalexecution
durationtimeline.

Manually Querying Real-Time SQL Monitoring Data 

AlltheprettychartsinGridControlarebasedonsomeV$orDBA_viewsinternally,soifyoudon’thappen
tohaveaccesstoGridControlorEnterpriseManagerDatabaseConsole(oritisjustbroken),youcanget
whatyouwantfromtheV$viewsdirectly.Youprobablydon’thavetoaccesstheV$viewsforyour
everydaymonitoringandtuningtasks,butneverthelessit’susefultoknowwherethisinformation
comesfrom,asitmaybecomehandyforcustommonitoringandadvancedproblemtroubleshooting.
Followingaresomekeyviewstobeawareof:

• TheGV$SQL_MONITORviewcontainsthestatementexecution-levelmonitoringdata.
Whenmultiplesessionsarerunningthesamestatement,youwillhavemultiple
entriesinthisview.So,makesurethatyouquerytherightexecution,byusingthe
rightsearchfilters.Forexample,youshouldpayattentiontowhichSIDand
INST_IDyouarereallylookingfor(orPX_QCSID,PX_QCINST_IDifmonitoringa
parallelquery)andwhethertheSTATUScolumnstillshowsEXECUTINGifyouare
tryingtotroubleshootacurrentlyrunningquery.

• TheGV$SQL_PLAN_MONITORviewcontainsexecutionplanline-levelmetrics,
monitoredandupdatedinrealtime.Forexampleyoucanquerythe
IO_INTERCONNECT_BYTESandcompareittoPHYSICAL_READ_BYTESand
PHYSICAL_WRITE_BYTEStodeterminetheoffloadingefficiencybyeachindividual
executionplanline,insteadofthewholequeryefficiency.Notethatincreasingthe
offloadingefficiencypercentageshouldnotbeyourprimarygoalofmonitoring
andtuning–whereyouspendyourresponsetime,matters.
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• TheGV$ACTIVE_SESSION_HISTORYviewcontainscolumnslikeSQL_PLAN_LINE_ID,
SQL_PLAN_OPERATIONandSQL_PLAN_OPTIONSstartingfromOracle11gR1.Youcan
querythesecolumns,inadditiontoSQL_ID,tofindthetoprowsourcesofanSQL
executionplan,too,insteadofjustlistingthetopSQLstatement.

Reporting Real-Time SQL Monitoring Data with DBMS_SQLTUNE 

IfyoudonothaveaccesstoGridControlorEnterpriseManagerDatabaseConsoleforsomereason,you
canalsoextracttheSQLmonitoringdetailsusingtheDBMS_SQLTUNE.REPORT_SQL_MONITORpackage
function.Youcanusethefollowingsyntax,butmakesureyoureadtherelateddocumentationtoseethe
fullpowerofthisfeature.Notethatthetextbelowisedited,asthisfunctiongeneratesverywideoutput,
whichwouldn’tfitthebookpages.

 
SQL> SELECT 
        DBMS_SQLTUNE.REPORT_SQL_MONITOR( 
          session_id=> &sid, 
          report_level=>'ALL', 
          type => 'TEXT') as report 
     FROM dual 
SQL> / 
Enter value for sid: 543 
 
REPORT 
---------------------------------------------------------------------------- 
SQL Monitoring Report 
 
SQL Text 
------------------------------ 
SELECT /*+ parallel(32) */ COUNT(*) FROM T4 A 
 
Global Information 
------------------------------ 
 Status              :  EXECUTING 
 Instance ID         :  2 
 Session             :  TANEL (543:4641) 
 SQL ID              :  0duat97xt417k 
 SQL Execution ID    :  33555560 
 Execution Started   :  05/27/2011 06:59:23 
 First Refresh Time  :  05/27/2011 06:59:23 
 Last Refresh Time   :  05/27/2011 06:59:59 
 Duration            :  36s 
 Module/Action       :  SQL*Plus/- 
 Service             :  SANDBOX 
 Program             :  sqlplus@mac01.lan (TNS V1-V3) 
 

mailto:sqlplus@mac01.lan
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Global Stats 

============================================================================ 
| Elapsed | Queuing |   Cpu   |    IO    | Buffer | Read | Read  |  Cell   | 
| Time(s) | Time(s) | Time(s) | Waits(s) |  Gets  | Reqs | Bytes | Offload | 
============================================================================ 
|    1095 |    0.00 |      17 |     1079 |    11M | 170K |  83GB |  96.60% | 
============================================================================ 
 
SQL Plan Monitoring Details (Plan Hash Value=3536567600) 
============================================================================ 
|Id  |           Operation            |  Name  | Read  |  Cell   | Activity |  
|    |                                |        | Bytes | Offload |   (%)    | 
============================================================================ 
|   0|SELECT STATEMENT                |        |       |         |          |         
|   1|  SORT AGGREGATE                |        |       |         |          |         
|   2|   PX COORDINATOR               |        |       |         |          |         
|   3|    PX SEND QC (RANDOM)         |:TQ10000|       |         |          |         
|-> 4|     SORT AGGREGATE             |        |       |         |     0.09 |         
|-> 5|      PX BLOCK ITERATOR         |        |       |         |          |         
|-> 6|       TABLE ACCESS STORAGE FULL|T4      |  87GB |  96.60% |    99.91 |  
|    |                                |        |       |         |          |         
============================================================================ 
 
DBMS_SQLTUNE.REPORT_SQL_MONITORcanalsotakeHTMLasavaluefortheTYPEparameter,insteadofTEXT,
inwhichcasetheoutputisgeneratedasHTML.IfyouspoolthisoutputintoanHTMLfileandopenitin
thebrowser,youwillseemuchniceroutputthanjusttext.AndstartingwithOracle11.2,youcanalso
useACTIVEasaparameterandspoolthatoutputintoanHTMLfile.Nowifyouopenthisfileinthe
browser,youwillseetheSQLMonitoringpagealmostexactlyasitlooksintheGridControl!Andallthe
datarequiredfordisplayingthatreportisself-containedinthespooledHTMLfile—nodatabaseaccess
neededwhenopeningit!Sothisisveryusefulifyouwanttosendadetailedself-containedreportwith
someSQLexecutionproblemtosomeoneovertheemail.

Controlling SQL Monitoring 

SQLMonitoringkicksinimmediatelyforallstatementsexecutedwithparallelexecution,nomatterhow
longtheyrun.Forseriallyexecutedstatements,theSQLMonitoringdoesnotkickinimmediately,asit’s
notdesignedtomonitortypicalfastOLTPqueries,whichareexecutedmanytimespersecond.
Nevertheless,ifaserialqueryhasconsumedmorethan5secondsoftotalCPUand/orI/Owaittime,it’s
consideredasalong-runningqueryandtheSQLMonitoringisenabledforthatstatementexecution.
Thishappensseamlesslyon-the-fly,andstatementrestartisnotneeded.


Youcanalsouse MONITORandNO_MONITORhintstocontroltheSQLmonitoringforastatement.
V$SQL_HINT showsallthehintsavailableforuseandtheversionwhentheywereintroduced.For
example:


SQL> SELECT name, inverse, version, class, sql_feature  
  2  FROM v$sql_hint WHERE name LIKE '%MONITOR%'; 
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NAME                 INVERSE              VERSION         

-------------------- -------------------- --------------- 
NO_MONITORING                             8.0.0           
MONITOR              NO_MONITOR           11.1.0.6        
NO_MONITOR           MONITOR              11.1.0.6 
 
NotethattheNO_MONITORING hintissomethingcompletelydifferentdespitethesimilarname.The
NO_MONITORINGhintallowsyoutodisablethepredicateusagemonitoringontablecolumns
(sys.col_usage$),andithasnothingtodowiththeReal-TimeSQLMonitoringoptionintroducedin
Oracle11g.

MonitoringSQLStatementsusingV$SQLandV$SQLSTATS
Theperformancemonitoringinthe“olddays”before-Oracle10gASHwasusuallydoneusingvariousV$
views,whichshowedaggregatedinstance-widemetrics.Forexample,theStatspack’sTOP-5waitevents
reportsectionwasjustadeltabetweentwoV$SYSTEM_EVENTviewsnapshots.TheTOPSQLreportswere
basedonV$SQLsnapshots,whichexternalizetheexecutionstatisticsandresourceconsumptionforeach
childcursorstillinlibrarycache.However,inalargedatabasesystem(thinke-BusinessSuiteorSAP),
youcanhavetensofthousandsofcursorsinthelibrarycache,sogatheringandstoringdeltasofallof
theirstatsisnotfeasible.That’swhytoolslikeStatspackandAWRstoredeltasofonlysometop
resource-consumingstatementsandignoretheinsignificantones.Rememberthatasthesetoolsgather
instance-widedata,theymayendupignoringalong-runningstatementifthereareonlyafewsessions
executingit.AsinglesessionrunningabadSQLstatementmaynotbe“heard”inthenoiseofallthe
othersessionsintheinstance—potentiallythousandsofthem.Thisinstance-widescopeperformance
dataanalysisisnotaspowerfulasthesession-levelASHdataslicinganddicing.WithASHyoucandrill
downintoanysinglesession,regardlessofhowmanysessionsintotalyouhavemakingnoiseinthe
instance.

IfyouuseExadata,youmustberunningatleastOracle11gR1onit,soallthesesuperiortoolsare
available,assumingthatyouhavetheDiagnosticsandTuningPacklicensesforyourExadatacluster.By
theway,wehaven’tseenanExadata-usingcustomerwithoutDiagnosticsandTuningPacklicensesyet,
soitlookslikethevastmajorityofExadatausersdonothavetoresorttooldtoolslikeStatspackorcreate
acustomASH-stylerepositorythemselves(althoughit’seasilydoablewithafewlinesofPL/SQLcode
pollingV$SESSIONoritsunderlyingX$KSUSEviewineachinstance).

TheV$SQLandV$SQLSTATSviewsstilldohavesomeadvantageoverSQLMonitoringandASH-style
sampleddatainafewcases.Forexample,ifyouwanttomeasuremetricslikethenumberofexecutions,
buffergets,parsecalls,fetches,orrowsreturnedbytheSQLchildcursor,youcangetthisdatafromboth
Real-timeSQLMonitoring(V$SQL_MONITOR)ortheV$SQL/V$SQLSTATSviews,butnotASH.Buttheproblem
withSQLMonitoringisthatitdoesn’tmonitorshort-runningqueriesatall,thereforemakingitunusable
forkeepingtrackofOLTP-stylesmallqueriesexecutedmanytimespersecond.EvenaddingaMONITOR
hintintoeveryqueryofyourapplicationwouldnothelp,asthemaximumnumberofmonitoredplansis
limited(controlledbythe_sqlmon_max_planparameter,whichdefaultsto20plansperCPU)andyou
wouldlikelyendupwithreal-time plan statistics latchcontentionaswell.TheSQLMonitoringfeatureis
notmeanttomonitorshort-runningqueriesexecutedmanytimespersecond.

AndthisleavesuswithV$SQLandV$SQLSTATS.Theybothmaintainsimilardata,buttheyare
internallydifferent.WheneveryouqueryV$SQLwithoutspecifyinganexactSQL_ID,Oraclehastotraverse
througheverysinglelibrarycachehashbucket,andallcursorsunderit.Thismaycontributetolibrary
cachemutexcontentionifyouhaveabusydatabaseandlotsofcursorsinthelibrarycache,because
whenyoutraversethelibrarycachestructureandreaditsobjects’contents,you’llhavetoholdamutex
ontheobject.NotethatstartingfromOracle11g,alllibrarycachelatchesaregoneandarereplacedby
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mutexes.Thesesamemutexesareusedforparsing,lookingup,andpinningcursorsforexecution,soif
yourmonitoringqueriespollV$SQLfrequently,theymayendupcausingwaitsforothersessions.

TheV$SQLSTATSview,whichwasintroducedinOracle10gR2,doesn’thavethisproblem.Starting
fromOracle10gR2,OracleactuallymaintainsSQLexecutionstatisticsintwoplaces—insidethechild
cursorsthemselves(V$SQL)andinaseparatecursorstatisticsarraystoredinadifferentlocationinthe
sharedpool.Thisseparationgivesthebenefitthatevenifacursorisflushedoutfromthesharedpool,its
statsinthisseparatearraymayremainavailableforlonger.Also,whenmonitoringtoolsquery
V$SQLSTATS,theydon’thavetoscanthroughtheentirelibrarycache,thankstotheseparatearraywhere
statsarestored.Thismeansthatyourmonitoringtoolswon’tcauseadditionallibrarycachelatch(or
mutex)contentionwhentheyuseV$SQLSTATSinsteadofV$SQL.BothStatspackandAWRdouse
V$SQLSTATStocollectdatafortheirtopSQLreports.

Let’slookintoV$SQLSTATS(theV$SQLviewhasprettymuchthesamecolumns,bytheway).Someof
theoutputhereisremovedtosavespace:


SQL> @desc v$sqlstats 
           Name                            Null?    Type 
           ------------------------------- -------- ---------------------- 
    1      SQL_TEXT                                 VARCHAR2(1000) 
    2      SQL_FULLTEXT                             CLOB 
    3      SQL_ID                                   VARCHAR2(13) 
   ... 
    6      PLAN_HASH_VALUE                          NUMBER 
   ... 
   20      CPU_TIME                                 NUMBER 
   21      ELAPSED_TIME                             NUMBER 
   ... 
   26      USER_IO_WAIT_TIME                        NUMBER 
   ... 
   33      IO_CELL_OFFLOAD_ELIGIBLE_BYTES        NUMBER 
   34      IO_INTERCONNECT_BYTES                 NUMBER 
   35      PHYSICAL_READ_REQUESTS                   NUMBER 
   36      PHYSICAL_READ_BYTES                      NUMBER 
   37      PHYSICAL_WRITE_REQUESTS                  NUMBER 
   38      PHYSICAL_WRITE_BYTES                     NUMBER 
   ... 
   41      IO_CELL_UNCOMPRESSED_BYTES            NUMBER 
   42      IO_CELL_OFFLOAD_RETURNED_BYTES        NUMBER 

Thehighlightedrowsstarting,withIO_CELL,aremetricsrelatedtoExadatastoragecells(althoughthe
IO_INTERCONNECT_BYTESispopulatedonnon-Exadatadatabasesaswell,thankstoabug).Youwould
wanttocomparethesecellmetricstodatabasemetrics(likephysical_read_bytes)tounderstand
whetherthisSQLstatementisbenefittingfromExadataSmartScanoffloading.Notethatthesemetrics,
whichmerelycountbytes,shouldnotbeusedastheprimarymetricofperformance;again,theprimary
metric,thestartingpoint,shouldalwaysberesponsetime,whichyoucanthenbreakdowninto
individualwaiteventsorintoexecutionplanrowsourceactivity(withtheSQLMonitoringreportor
ASH).YoucanlearnmoreaboutthemeaningofthemetricsshownhereinChapter11.

NotethateventhoughtheV$SQLSTATSviewalsocontainsthePLAN_HASH_VALUEcolumn,itactually
doesnotstoreseparatestatsforthesameSQLIDwithdifferentplanhashvalues.Itaggregatesallthe
statsgeneratedbydifferentplansofthesameSQLIDunderasinglebucket.Soyoudon’treallyknow
whichplanversionconsumedthemostresourcesfromthisview.LuckilyinOracle11.2thereisanew
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view,namedV$SQLSTATS_PLAN_HASH,whichyoushouldqueryinstead.Itorganizesandreportsthestats
brokendownbySQLIDand planhashvalueinsteadofjustSQLIDasV$SQLSTATSdoes.

Monitoring the Storage Cell Layer  
Let’slookathowtomonitorthestoragecelllayerforutilizationandefficiency.Asyoualreadyknow,the
storagecellsareregularcommodityserverswithsomedisksattachedtothemandrunningLinux.You
canuseregularLinuxOSmonitoringcommandsandtoolstokeepaneyeonOSmetricslikeCPUusage
ordiskI/Oactivity.TheonlycatchisthatOracledoesnotallowyoutoinstallanyadditional
(monitoring)daemonsandsoftwareonthecells—ifyoustillwanttohaveasupportedconfiguration.

ThegoodnewsisthatOraclecellserversoftwareandadditionalOSWatcherscriptsdoagoodjobof
collectingdetailedperformancemetricsineachcell.Thefollowingsectionsshowhowtoextract,display,
andusesomeofthesemetrics.

AccessingCellMetricsintheCellLayerUsingCellCLI
Thecell-collectedmetricscanbeaccessedusingtheCellCLIutility.That’sinfacthowtheExadata
storagecellplug-inforGridControlretrievesitsdata.YouhaveseenCellCLIusedinearlierchapters.
FollowingareafewexamplesofusingCellCLIforretrievingperformancemetrics.Thecommandnames
shouldbefairlyself-explanatory-wewillcovertheCellCLIcommandsinmoredetailinAppendixA.


$ cellcli 
CellCLI: Release 11.2.2.3.1 - Production on Mon May 16 09:22:19 CDT 2011 
 
Copyright (c) 2007, 2009, Oracle.  All rights reserved. 
Cell Efficiency Ratio: 163 
 
CellCLI> LIST METRICDEFINITION     show metric short names 
           CD_IO_BY_R_LG 
      CD_IO_BY_R_LG_SEC 
      CD_IO_BY_R_SM 
      CD_IO_BY_R_SM_SEC 
      CD_IO_BY_W_LG 
      CD_IO_BY_W_LG_SEC 
      CD_IO_BY_W_SM 
      CD_IO_BY_W_SM_SEC 
 
   ... lots of output removed ... 
 
      N_MB_RECEIVED 
      N_MB_RECEIVED_SEC 
      N_MB_RESENT 
      N_MB_RESENT_SEC 
      N_MB_SENT 
      N_MB_SENT_SEC 
      N_NIC_KB_RCV_SEC 
      N_NIC_KB_TRANS_SEC 
      N_NIC_NW 
      N_RDMA_RETRY_TM 
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CellCLI> LIST METRICDEFINITION CL_CPUT DETAIL;    show metric description and details 
      name:                    CL_CPUT 
      description:             "Percentage of time over the previous minute that the system 
CPUs were not idle." 
      metricType:              Instantaneous 
      objectType:              CELL 
      unit:                    % 
 
 
CellCLI> LIST METRICCURRENT CL_CPUT;              list the latest metric snapshot value      
CL_CPUT      enkcel01      5.3 % 

 
 
CellCLI> LIST METRICCURRENT CL_CPUT DETAIL;       list latest snapshot in detail 
      name:                    CL_CPUT 
      alertState:              normal 
      collectionTime:          2011-05-16T09:31:53-05:00 
      metricObjectName:        enkcel01 
      metricType:              Instantaneous 
      metricValue:             5.3 % 
      objectType:              CELL 
 
 
CellCLI> LIST METRICHISTORY CL_CPUT;              show historical metric snapshots 
 
      CL_CPUT      enkcel01      2.2 %      2011-05-06T12:00:46-05:00 
      CL_CPUT      enkcel01      2.4 %      2011-05-06T12:01:49-05:00 
      CL_CPUT      enkcel01      2.1 %      2011-05-06T13:00:15-05:00 
      CL_CPUT      enkcel01      0.3 %      2011-05-06T13:01:15-05:00 
      CL_CPUT      enkcel01      1.4 %      2011-05-06T13:02:15-05:00 
      CL_CPUT      enkcel01      0.3 %      2011-05-06T13:03:15-05:00 
      CL_CPUT      enkcel01      1.2 %      2011-05-06T13:04:15-05:00 
      CL_CPUT      enkcel01      1.2 %      2011-05-06T13:05:15-05:00 



AccessingCellMetricsUsingtheGridControlExadata
StorageServerPlug-In
IfyouhaveconfiguredtheSystemMonitoringplug-inforExadataStorageServer,youwillbeabletosee
somecell-levelmetrics,reports,andchartsinGridControl.Theplug-ininstallationisoutofthescopeof
thisbook,butit’swelldocumentedintheplug-in’sinstallationguide.

CurrentlytheExadataStorageServermonitoringplug-ingivesonlysomebasicmetricstomonitor
andisnotverysophisticatedforsystematiccellperformancetroubleshootingormonitoring.
Nevertheless,itwillgiveyouamoreconvenientwayformonitoringcellstatisticschangingovertime,
comparedtorunningCellCLI’s list metrichistorycommandsmanually.Whenyouinitiallynavigateto
astoragecelltarget(orgroupofcells)inGridControl,youmaynotseeanychartsdefinedthereyet.In
Figure12-10,wehavecreatedagroupcalled“cells”fromtheExadataStorageServertargetsand
navigatedtotheEditGrouppage.Thisiswhereyoucanaddnewchartsforcollectedcell-levelmetrics.
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Figure 12-10. Adding storage cell metrics into Grid Control monitoring charts  

AllthechartdefinitionsinFigure12-10havebeenmanuallyaddedforthecellgroup.Youcanaddcharts
yourself,byclickingtheAddbutton,whichwillbringyoutotheAddChartpageshowninFigure12-11.
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Figure 12-11. Selecting a “highest-average” chart for monitoring cells with highest read I/O requests 

Toseethecellmetricsavailable,you’llhavetoselectOracleExadataStorageServerasthecharttypeand
pickoneofthemetricstoshow.YouprobablywanttousetheGroupStatisticsformonitoringthewhole
cellgroupasastartingpoint,insteadofmonitoringall14storagecells(inafullrack)separately.The
groupstatisticsallowyoutosumtogetherstatsfromallthecellsinthegroup(whenmonitoringtotal
diskI/Othroughput,forexample)orshowminimum,maximum,averagesandstandarddeviation
acrossallcells(whenmonitoringaveragediskI/Oresponsetimes,forexample).Payattentiontowhat
themetricmeansandwhichaggregationoperationsmakesenseforagivenmetric.Forexample,it
doesn’tmakemuchsensetodisplaythesumofallaveragediskI/Oresponsetimesinachart.The
metricsstartingwithAvgshowaveragevaluesovermultipleobjectsmonitored.Forexample,theAvg
CelldiskReads(MB)monitorsaveragemegabytesreadper celldisk.Ontheotherhand,theTotalCelldisk
Reads(MB)metricsumstogethertheMBreadbyallcelldisksinacell.AndnowifyouusetheGroup
Statisticsoptiontomonitormultiplecells,youshoulduseSumtoseethetotalMBreadfromcelldisks
acrossallcellsandAverageorMin/Maxtoseetheaverageper cell oracellwiththesmallestorbiggest
MBreadcelldiskthroughput.

Ifyoudowanttomonitorindividualcells—forexample,thetwostoragecellswiththeworstoffload
efficiency—thenyoucaneitherdefineaseparateoffloadingefficiencychartforeachcell(andendup
with14chartsinafullrackconfiguration)oryoucanselectTargetsWithLowestAverageasthechart
type,asshowninFigure12-12.
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Figure 12-12. Selecting a “lowest average” chart for monitoring cells with worst offload efficiency  

YoucanreadmoreaboutthemeaningofvariousmetricsintheOracledocument“Enterprise Manager 
System Monitoring Plug-In Metric Reference Manual for Oracle Exadata Storage Server.”

Now,youcanreorderthechartsonthecellgroupdashboardbyclickingtheReorderbuttonas
showninFigure12-10earlier.Thiswillshowyoualistofdefinedcharts,whichyoucanthenreorderon
thescreen,asseeninFigure12-13.
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Figure 12-13. Ordering the storage cell metric charts in Grid Control 

Nowyouarereadytoviewyourcharts.Dependingonhowmanyofthemyouconfigured,youshouldsee
ascreenlayoutlikethatinFigure12-14.
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Figure 12-14. Multiple cell-level metrics displayed in Grid Control 



Notethatwhenyoufirstconfigurethecharts,theywillbeempty.Ifyouwaitforafewminutes,you
shouldseethefirstdatapointsappearing,andafteradayhaspassed,thechartsshouldbefully
populated(ifLast24HoursisselectedintheViewDatadrop-down).YoucanclickCustomizeChartsto
modifythechartmetricsagain.
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Nowlet’slookatsomeoftheindividualmetricswehaveputontothepage,asshowninFigure
12-15.





Figure 12-15. Various celldisk average metrics charts displayed in Grid Control  

IntheAvgCelldiskSmallReadLatency(msec)charthere,wedoseeanissue.Anhourbefore12PM,the
averagesmallblockI/O(under256kB)latencyhasjumpedup,probablybecausemorelargeI/O
operationsweredoneinthecell.Wecanconcludethisfromtheothertwometricsinthetoprow;the
AvgCellidiskReadRequestshassignificantlydropped,whiletheAvgCelldiskReads (MB) hasremained
thesame,oractuallyevenincreasedslightly.SotherearemorelargeI/Osbeingdone,perhapsdueto
morequeriesusingaSmartScan.ThesmallI/Olatencyhassufferedbecauseofthis.YourOLTP
databaseusersrunningonthesameclustermaynoticethat.

ThisisaplacewhereyoushouldfindoutwhatcausesallthisextraI/O.Wewilllookatitlaterinthis
chapter.IfyouwanttoavoidsituationswherelargeSmartScansimpactsmall(single-block)IOs,you
shouldconsiderenablingtheI/OResourceManager(IORM),whichallowsyoutosettheIORMgoalto
optimizerandomI/Olatencyasopposedtofullscanningthroughput.Additionally,youcouldmakesure
thatyourhotsegmentsaccessedwithsingle-blockreadsarecachedinflashcache.SeeChapter7for
moreaboutIORMandresourcemanagement.

Figure12-16showsanexampleofthetotalcelldiskI/Othroughputchart.Notethatthemetricused
startswith“Total,”indicatingthatthethroughputMBvaluesaresummedoveralltwelvedisksinthecell
(asopposedtotheAveragemetrics,whichshowaveragesacrossthedisks).Thisisaveryimportant
point.IfyouaresummingtogetheraveragemetricslikeintheAvgCelldiskReadssection(topright
corner)ofFigure12-15,thenyouwillstillendupwithasumoftheaveragecelldiskreadrates,notthe
totalaggregatethroughputofalldisksinthecell.Thecelldisks’averagemetricsaregoodforcharting
thingslikethemin,max,andcell-levelaverageI/Olatenciesordiskutilizationfigures,butnotvalidfor
monitoringthingslikeI/Othroughputofallcells.
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ItisvalidtosumtogetherTotalCelldiskmetricstogetthetotalaggregatethroughput,sofrom
Figure12-16weseethattheaggregatediskreadthroughputacrossallthecellsisaround
2000MB/secondforthegivenworkload.





Figure 12-16. Celldisk-level Total metrics summed together for monitoring total I/O throughput 

Sometimes,especiallywhenthemonitoringUIchartsdon’tseemtomakesense,youmightaskwhere
thesechartstaketheirdatafrom.Thisiseasytofindout,astheGridControlmetricsplug-insarejust
Perlscripts,whichthenruncommand-lineutilitieslikeCellCLIorplainSSHclientstofetchtheir
metrics.YoucancheckthedirectorywhereyouhaveinstalledtheExadataStorageCellServer
monitoringplug-inyourself:

$ ls /u01/app/oracle/product/middleware/agent11g/sysman/admin/scripts/emx/oracle_cell 
 
oracle_cell_category_metrics.pl       oracle_cell_griddisk_config.pl 
oracle_cell_celldisk_config.pl        oracle_cell_griddisk_metrics.pl 
oracle_cell_celldisk_metrics.pl       oracle_cell_interconnect_metrics.pl 
oracle_cell_common.pm                 oracle_cell_iormboost_metrics.pl 
oracle_cell_config.pl                 oracle_cell_iorm_config.pl 
oracle_cell_consumergroup_metrics.pl  oracle_cell_lun_config.pl 
oracle_cell_database_metrics.pl       oracle_cell_lun_metrics.pl 
oracle_cell_disk_config.pl            oracle_cell_metrics.pl 
oracle_cell_disk_metrics.pl           oracle_cell_offload_metrics.pl 
oracle_cell_flashcache_metrics.pl     oracle_cell_resp.pl 
oracle_cell_fs_metrics.pl 

Let’stakeaquicklookatoneofthesePerlscripts,oracle_cell_celldisk_metrics.pl,toseewhereitgets
itsdata:

...beginning of the script skipped... 
 
my $command = "ssh -l cellmonitor $ipaddress cellcli   
                      -xml -e 'list metriccurrent where objectType=".'\"CELLDISK\"'."'"; 
 
my $xmlout = `$command`; 
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my $parser = XML::Parser->new( Handlers => { 

                                      Start=>\&handle_start, 
                                      End=>\&handle_end, 
                                      Char=> \&characterData, 
                                     }); 

 
 

...rest of the script skipped... 

Asyoucansee,theExadataCellGridControlplug-inismerelyabunchofPerlscripts,whichthenlog
intotargetcellsviaSSHandrunregularCellCLIcommandswithXMLoutputmode.Theoutputisthen
parsedandreturnedtotheGridControlagent.

NowthatweknowwhichactualcommandtheGridControlplug-inusesforpullingdata,wecan
runitourselvesandseewhichdataitincludes.Notethatthere’sanadditionalfilterconditionshowing
onlyonemetricforbrevity.



CellCLI> LIST METRICCURRENT WHERE objectType = 'CELLDISK' AND name = 'CD_IO_TM_R_SM_RQ' 
      CD_IO_TM_R_SM_RQ      CD_00_cell03      25,390 us/request 
      CD_IO_TM_R_SM_RQ      CD_01_cell03      11,633 us/request 
      CD_IO_TM_R_SM_RQ      CD_02_cell03      6,067 us/request 
      CD_IO_TM_R_SM_RQ      CD_03_cell03      11,412 us/request 
      CD_IO_TM_R_SM_RQ      CD_04_cell03      20,410 us/request 
      CD_IO_TM_R_SM_RQ      CD_05_cell03      2,871 us/request 
      CD_IO_TM_R_SM_RQ      CD_06_cell03      30,480 us/request 
      CD_IO_TM_R_SM_RQ      CD_07_cell03      22,791 us/request 
      CD_IO_TM_R_SM_RQ      CD_08_cell03      2,303 us/request 
      CD_IO_TM_R_SM_RQ      CD_09_cell03      12,019 us/request 
      CD_IO_TM_R_SM_RQ      CD_10_cell03      2,010 us/request 
      CD_IO_TM_R_SM_RQ      CD_11_cell03      15,056 us/request 
      CD_IO_TM_R_SM_RQ      FD_00_cell03      464 us/request 
      CD_IO_TM_R_SM_RQ      FD_01_cell03      471 us/request 
      CD_IO_TM_R_SM_RQ      FD_02_cell03      476 us/request 
      CD_IO_TM_R_SM_RQ      FD_03_cell03      473 us/request 
      CD_IO_TM_R_SM_RQ      FD_04_cell03      450 us/request 
      CD_IO_TM_R_SM_RQ      FD_05_cell03      467 us/request 
      CD_IO_TM_R_SM_RQ      FD_06_cell03      469 us/request 
      CD_IO_TM_R_SM_RQ      FD_07_cell03      474 us/request 
      CD_IO_TM_R_SM_RQ      FD_08_cell03      456 us/request 
      CD_IO_TM_R_SM_RQ      FD_09_cell03      459 us/request 
      CD_IO_TM_R_SM_RQ      FD_10_cell03      461 us/request 
      CD_IO_TM_R_SM_RQ      FD_11_cell03      455 us/request 
      CD_IO_TM_R_SM_RQ      FD_12_cell03      467 us/request 
      CD_IO_TM_R_SM_RQ      FD_13_cell03      480 us/request 
      CD_IO_TM_R_SM_RQ      FD_14_cell03      483 us/request 
      CD_IO_TM_R_SM_RQ      FD_15_cell03      471 us/request 



ThegriddisknamesstartingwithFD_indicatethattheselinesarereportedforflashdisks(eachcellhas4
×96GBflashcards,buteachflashcardpresentsfourflashdiskstotheoperatingsystem,totaling16flash
diskspercell).So,usingthisexercisewehavefoundoutwhetherthecell-diskmetricsincludeflashdisk
metricsinadditiontoregulardiskdrives—andyes,theydo.Thismakessomeofthechartslie,asthe
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flashreadtimesthatareanorderofmagnitudefasterwillmaketheaverageregulardiskreadtimeslook
betteraswell.Infact,someofthecelldiskshaveaprettybadsmallreadI/Olatency.Forexample,upto
30millisecondsperrequestonaverage,whichismuchhigherthantheaverageseek+rotational+data
transferlatencyshouldbeforamodern15000RPMdisk,evenifitis100%busywithrandomI/O
requests.ThisprobablyindicatesI/Oqueueingsomewhere,likelyintheOSI/Oqueue,whichyoucan
confirmbylookingattheawait andsvctmcolumnsiniostatoutput(moreaboutiostatlaterinthis
chapter,but man iostatisyourfriend).

So,ideallyyoushouldmonitortheflashdisksandgoodoldspinningdiskdrivesseparately,byeither
post-processingthereturneddataorjustrunningtwoseparateCellCLIcommandsinyourmonitoring
tools.CellCLIallowsyoutofilteritsresultsfurtherusingaregularexpression,asshownhere:

CellCLI> LIST METRICCURRENT WHERE objectType = 'CELLDISK'  
         AND name = 'CD_IO_TM_R_SM_RQ' AND metricObjectName LIKE 'FD_.*'; 
       
      CD_IO_TM_R_SM_RQ      FD_00_cell03      464 us/request 
      CD_IO_TM_R_SM_RQ      FD_01_cell03      471 us/request 
      CD_IO_TM_R_SM_RQ      FD_02_cell03      476 us/request 
      CD_IO_TM_R_SM_RQ      FD_03_cell03      473 us/request 
      CD_IO_TM_R_SM_RQ      FD_04_cell03      450 us/request 
      CD_IO_TM_R_SM_RQ      FD_05_cell03      467 us/request 
      CD_IO_TM_R_SM_RQ      FD_06_cell03      469 us/request 
      CD_IO_TM_R_SM_RQ      FD_07_cell03      474 us/request 
      CD_IO_TM_R_SM_RQ      FD_08_cell03      456 us/request 
      CD_IO_TM_R_SM_RQ      FD_09_cell03      459 us/request 
      CD_IO_TM_R_SM_RQ      FD_10_cell03      461 us/request 
      CD_IO_TM_R_SM_RQ      FD_11_cell03      455 us/request 
      CD_IO_TM_R_SM_RQ      FD_12_cell03      467 us/request 
      CD_IO_TM_R_SM_RQ      FD_13_cell03      480 us/request 
      CD_IO_TM_R_SM_RQ      FD_14_cell03      483 us/request 
      CD_IO_TM_R_SM_RQ      FD_15_cell03      471 us/request 

Nowweseeonlytheflashdrives.YoucanreadmoreabouttheCellCLIusageandsyntaxexamplesin
AppendixAofthisbookandalsointheofficialdocumentation,Oracle Exadata Storage Server Software 
User’s Guide.

WhichCellMetricstoUse?
Whichcellmetricstouseisanimportantquestion.Oracleprovidesahugevarietyofdifferentmetrics,
fromthedatabaselevel,thehostserverlevel,andtheExadatacelllevel.Itisveryeasytogetlostinthem
orevenworse,getmisledandtroubleshootawrongornon-existentproblem.Inperformance
troubleshooting,weshouldstartfromwhatmatters—userresponsetime—anddrilldownfromthere(as
explainedintheprevioussectionsofthischapter).Butgeneralefficiencymonitoring,utilization
overview,andcapacityplanningaresometimesgoodreasonsforexaminingcell-levelaggregated
metrics.

Thismaycomeasasurpriseifyouhaveexpectedmore,butthereisnolonglistofsecretandspecial
Exadatametricsyoushouldmonitorinyourcells.Acellisjustaserver,withRAM,CPUs,anddisks,
sendingdataoutoveranetworklink.Sothefundamentalmetricsyouwouldwanttomonitoratthecell
levelarethesameyou’duseinanyserver:CPUutilization,systemload,memoryutilizationanddisk
utilization,andI/Othroughputandlatency.ThemostimportantmetricsareavailableintheGrid
ControlStorageCellmonitoringplug-in,andtherestcanbeextractedfromOSWatcherlogfiles.The
advancedmetricscomeintoplayonlywhendealingwithbugsorsomerare,veryspecificperformance
issues,sotheyshouldn’treallybeactivelymonitoredunlessthereisaproblem.
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Onetopicdeservessomeelaboration—theCPUusagemonitoring,bothinthedatabaseandcells.
Thedatawarehousesandreportingsystems,unlikeOLTPdatabases,don’tusuallyrequireveryquick
responsetimesforuserqueries.Ofcourse,thefasteraquerycompletes,thebetter,butinaDW,people
don’treallynoticeifaqueryranin35secondsinsteadof30seconds.ButatypicalOLTPuserwould
definitelynoticeiftheir1-secondquerytook6secondsoccasionally.That’soneofthereasonswhyin
OLTPserversyouwouldnotwanttoconstantlyrunat100%CPUutilization.Youcannotdothatandalso
maintainstableperformance.InanOLTPsystemyoumustleavesomeheadroom.InDWservers,
however,thesmallfluctuationsinperformancewouldnotbenoticed,andyoucanaffordtorunat100%
ofCPUutilizationinordertogetthemostoutofyourinvestment.

However,Exadatacomplicatesthings.Inadditiontohavingmultipledatabasenodes,youalsohave
anotherwholelayerofservers:thecells.ThingsgetinterestingespeciallywhenrunningSmartScans
withhighparallelismagainstEHCCtables.That’sbecauseoffloadeddecompressionrequiresalotof
CPUcyclesinthecells.Thusitispossiblethatforsomeworkloadsyourcells’CPUswillbe100%busy
andunabletofeeddatabacktothedatabaselayerfastenough.ThedatabaselayerCPUsmaybehalf
idle,whilecellscouldreallyusesomeextraCPUcapacity.

Theriskfromcellutilizationreaching100%isthereasonOraclemadecellsrvabletoskipoffload
processingforsomedatablocksandpasstheseblocksstraightbacktothedatabase(startingincellsrv
11.2.2.3.0).ThecellcheckswhetheritsCPUutilizationisover90%andwhetherthedatabaseCPU
utilization(it’ssentinbasedonresourcemanagerstatsfromthedatabase)islowerthanthat.Andifso,
someblocksarenotprocessedinthecells,butpassedthroughtothedatabasedirectly.Thedatabase
thenwilldecrypt(ifneeded)anddecompresstheblocksandperformprojectionandfilteringinthe
databaselayer.ThisallowsyoutofullyutilizeallyourCPUcapacityinbothlayersoftheExadatacluster.
However,thisautomaticallymeansthatifsomeblocksaresuddenlyprocessedinthedatabaselayer
(insteadofbeingoffloadedtocells),thenyoumayseeunexpectedCPUutilizationspikesinthedatabase
layer,whencellsaretoobusy.Thisshouldn’tbeaproblemonmostDWsystems,especiallywith
properlyconfiguredresourcemanager,butyouwouldwanttowatchoutforthiswhenrunningOLTPor
otherlow-latencysystemsonExadata.

Asusual,Oracleprovidesgoodmetricsaboutthispass-throughfeature.Whenevertheoffload
processingisskippedforsomeblocksduringaSmartScanandtheseblocksaresentbacktothe
databaselayerforprocessing,thestatistic“cellphysicalIObytespushedbackduetoexcessiveCPUon
cell” getsincrementedinV$SESSTAT/V$SYSSTATandAWRreports.Readmoreaboutthisfeatureand
statisticinChapter11.

MonitoringExadataStorageCellOS-levelMetrics
OracleDatabaseandthecellsrvsoftwaredoagoodjobofgatheringvariousperformancemetrics,but
therearestillcaseswhereyouwouldwanttouseanOStoolinstead.Oneofthereasonsisthatusually
theV$viewsinOracletellyouwhatOraclethinksit’sdoing,butthismaynotnecessarilybewhat’sreally
happeningifyouhitabugorsomeotherlimitationofOracle’sbuilt-ininstrumentation.Oneofthe
limitationsislow-levelI/Omeasurement.

Monitoring the Storage Cell Server’s I/O Metrics with iostat 

BothOracleDatabaseandthestoragecellsdomeasuretheI/OCompletionTime;inotherwords,the
responsetimeofI/Os.WithsynchronousI/Ooperations,Oracle’sI/Owaittimeismerelythesystemcall
(likepread)completiontime.WithasynchronousI/O,theresponsetimemeasurementistrickier,asan
asynchronousI/Osubmitsystemcallwillnotblockandwait;itwillreturnimmediatelyinmicroseconds
andsomeI/Oreapingsystemcallwillbeexecutedlater,whichwillmarktheI/Ooperationascomplete.
TheExadatastoragecellskeeptrackofeachasynchronousI/Orequest(forexample,whenitwas
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submitted)andoncetheI/Oissuccessfullyreaped,theywillcheckthereapingtimestampagainstthat
I/O’ssubmittimestampandknowitsduration.

Regardlessofthisextracellsrv-levelI/Omonitoring,thecellsstilldon’tbreaktheI/Oresponse
timeintothetwoimportantcomponents:howmuchtimethisI/Orequestspentuselesslywaiting inthe
OSI/OqueuebeforeitwasevensentouttotheSCSIdevice,andhowlongtheactualhardwareservice 
timewasoncetheI/Orequestwassentouttothehardware.ComparingtheI/Oservicetimetowaiting
timegivesanimportantclueaboutwhetherthestoragehardwareitselfrespondsslowly,inwhichcase
theservicetimeishigherthanyouwouldexpectfromamoderndiskdrive.

Note:SowhatisthisnormalI/Oservicetimetoexpectfromdisks?Thatdependsonwhichdisksyouhave,
whattheirseeklatencyis,howfarthediskread/writeheadhastoseekfromitspreviouslocation,whatthe
rotationallatencyofthediskis,howfastitspins(RPM),andhowfastitcantransferthebitsjustreadoverthe
wires(orfiber).Thereisnomagicincalculatingwhatagoodservicetimeshouldbeforadisk;it’sallbasedonthe
physicalcapabilitiesofthedisk,andthesecapabilitiesaredocumentedinthevendor’sdiskspecs.Youcanread
moreaboutthevariouslatenciesinvolvedfromWikipedia:
http://en.wikipedia.org/wiki/Hard_disk_drive#Access_time.

Ofcourse,theremaybeotheroverhead,likeSANstoragenetworkroundtriptimesandanyextra
latencycausedbystoragecontrollers,switches,andsoon.Butremember,Exadataisnotconnectedto
SANstorage;thedisksareattacheddirectlytothestoragecells.EachstoragecellhasalittleLSI
MegaRaidcontrollerinit,andthedisksareattachedtothatcontroller.Therearenocomplexnetwork
componentsbetweenthedisksandstoragecells,whichmightdriveuplatencyorfail.Moreimportantly,
thereareno“other”databasesorapplicationsconnectedtothestorage,whichyouhavenocontrolover,
butwhichcouldsuddenlystartsaturatingthediskswithoutawarning.Allyouwouldseeisthatthedisk
I/Oservicetimessuddenlygoupasthestoragearraygetsoverloaded.

Anyway,asmallI/Orequest(upto256KB)againstamodern15000RPMdiskdriveshouldideally
haveaverageservicetimeof5–7millisecondsperI/Orequest.Thiscomesfroma3.5msaverageseek
latency,2msaveragerotationallatency,plus0.4msfortransferringthe256kBoverSASchannels.In
theorythisaverageseeklatencyisapessimisticfigure,assumingthatthewholediskisfullandthedisk
read/writeheadshavetodorandomseeksacrosstracksfromendtoendofthediskcylinders.Butyou
probablyhaveconfiguredyourdisksintohotterandcolderregions(theRECOdiskgroup,forexample),
andthecolderregionsarevisitedmuchlessfrequently,drivingtherealaverageseektimesshorter.So,
whileyoumaygettheselow2–3msservicetimeswhenyourdiskheadsdon’thavetoseektoofar,in
practice,10msaverageI/OservicetimesarecompletelyOKonceyourunrealproductionworkloads.

http://en.wikipedia.org/wiki/Hard_disk_drive#Access_time
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KevinSays:I’moftensurprisedatthelackoffocuspaidtodataplacementonphysicaldisks.Theauthorsare
correcttopointoutthatso-calledshort-strokedI/Orequestshavesome,ifnotall,seektimeremovedfromthe
servicetimeoftherequest.However,I’dliketoelaborateonthispointfurther.WhendiscussingExadataweoften
concentrateondatacapacityofenormousproportion.However,itisseldomthecasethatalldataisactiveinall
queries.Mostdatawarehouseshaveanactivesubsetofthetotaldatabase.Onecaneasilyenvisiontheactive
portionofa100TBdatawarehousebeingassmallas1TB.Justonepercent?Howcanthisbe?Alwaysremember
thatOracleDatabase,combinedwithExadata,offersmany“linesofdefense”infrontofthedreadedphysicalI/O.
BeforephysicalI/Othereisaresultscachemiss,SGAbuffercachemiss(yes,ithaspurposeevenwhenExadatais
involved),partitionelimination,andfinallyastorageindexmiss.Oncethroughthese“linesofdefense,”thereisa
physicalI/Ofordatathatispotentiallycompressedwithacompressionratioof,say,6:1.Tothatend,the1TB
activeportionisactually6TB—asizableamountofdata.Seektimesarethelion’sshareofphysicalI/Oservice
time.Infact,fromacurrentcostperspective,theoptimaldatawarehousearchitecturewouldconsistofseek-free
rotationalharddiskdrives.Whilethatmayseemabsurd,allowmetopointoutthat1TBisexactly1percentofthe
aggregatesurfaceareaofthe168(600GB)SASdrivesofferedinafullrackX2modelwithhigh-performance
drives.Longseeksarenotafixedcostinmoderndatawarehouses—especiallywhentheactiveportionissucha
smallpercentageofthewhole.Iftheactiveportionofthedatawarehouseremainsafixedpercentage,yetservice
timesincreaseovertime,theproblemislikelyfragmentation.Datascatteredovertheentiretyofround,spinning
magneticmediaisnotoptimalregardlessofwhetherOracleDatabaseisconnectedtoconventionalstorageor
Exadata.EvenwithExadata,thefundamentalsstillapply.

Thewholepointofthisexplanationsofarisreallythatitis possibletoknowwhattheidealdisk
servicetimesshouldbeforExadatacellsdiskdrives,andiftheservicetimesareconstantlymuchhigher
thanthat,thenthereissomeproblemwiththestoragehardware(disksorcontrollers).WithSAN
storage,highOS-levelservicetimescouldalsomeanthatthereissomequeuinggoingoninsidetheSAN
networkorthestoragearray(forexample,ifathousandotherserversarehammeringthesamestorage
arraywithI/O).Butassaidabove,Exadatastoragecellshavededicatedstorageinthem;onlythecurrent
cellOScanaccessthisstorage,andallIOsarevisibleiniostat.

So,whatiftheservicetimeisOK,butOracle(cellsrv)stillseesbadI/Operformance?Wellthismay
meanthereisstillqueuinggoingoninsidethecellLinuxservers—andiostatcanshowthisinformation,
too.YoucanhaveonlyalimitednumberofoutstandingI/Osinthe“on-the-fly”stateagainstyour
storagecontrollerLUNs.ThestoragecontrollerneedstokeeptrackofeachoutstandingI/O(for
example,ithastorememberwhereinthehostRAMtowritetheblockonceitisreadfromdiskand
arrivesatthecontroller),andtheseI/Oslotsarelimited.SotheLinuxkerneldoesnotallowsendingout
moreI/Osthanthestoragecontrollercanhandle;otherwiseaSCSIresetwouldoccur.Thesethrottled
I/OswillhavetowaitintheOSdiskdeviceI/Oqueue—andtheyareuselessly waitingthere;theyaren’t
evensentouttothestoragecontrolleryet.OnlywhensomepreviouslyoutstandingI/Ooperation
completeswillthefirstiteminthequeuebesenttothedisks(assumingthattheI/Olatencydeadline
hasn’tbeenreachedforsomerequest;cellsrvusestheLinux“deadline”I/Oscheduler).
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IfyoudohaveI/Owaiting(queueingtime)goingon,thentheawait(averageI/Ocompletiontime)
columniniostatwillbesignificantlyhigherthanthesvctm(estimatedI/Oservicetime)column.Note
thatthename“await”issomewhatmisleading,asitdoesnotshowonlythewait(queuing)time,it
showsthetotalwaitplusservicetime.Similarly,theavgqu-szcolumndoesnotshowjusttheaverageI/O
waitqueuelength,butrathertheaveragetotalnumberofnotcompletedI/OsintheI/Orequestqueue,
regardlessofwhethertheyhavealreadybeensentouttostoragehardware(arealreadybeingserviced)
orstillwaitingintheI/Oqueue(notyetserviced).

LinuxiostatshowsstatisticsforthediskpartitionandthecellsoftwareRAIDdevice(usedforcell
OSpartitionmirroring).Wecanfilteroutthoselinessothatonlythephysicaldiskstatswouldbelisted.
Forexample:

$ iostat -xm 5 | egrep -v "sd.[0-9]|^md" 
 
Linux 2.6.18-194.3.1.0.4.el5 (enkcel03.enkitec.com)   05/22/2011 
 
avg-cpu:  %user   %nice %system %iowait  %steal   %idle 
           0.73    0.00    0.75    1.01    0.00   97.51 
 
Device:  r/s   w/s  rMB/s    wMB/s avgrq-sz avgqu-sz   await  svctm  %util 
sda    12.56  7.33   9.63     0.26  1018.44     1.39   70.13   3.99   7.94 
sdb     8.64  8.75   3.94     0.24   491.94     0.87   49.94   3.16   5.49 
sdc     5.99  1.75   3.87     0.14  1062.34     0.63   80.86   5.19   4.02 
sdd     5.04  2.89   3.75     0.15  1005.46     0.87  110.01   5.18   4.11 
sde    10.84  3.28  10.06     0.20  1488.13     0.94   66.61   4.78   6.74 
sdf     1.62  1.83   0.05     0.05    62.18     0.01    3.15   0.92   0.32 
sdg     6.62  2.02   6.24     0.15  1515.53     0.49   57.32   5.99   5.17 
sdh     4.56  2.50   3.86     0.15  1165.21     0.42   59.70   5.63   3.97 
sdi    11.15  3.14   4.58     0.17   681.93     0.66   46.39   4.41   6.30 
sdj     4.39  1.66   3.87     0.12  1351.37     0.50   82.55   6.51   3.94 
sdk    11.87  3.95  11.09     0.21  1463.66     0.88   55.94   4.64   7.33 
sdl    16.60  5.41   9.86     0.15   931.06     0.76   34.68   3.20   7.04 
sdm     0.28  0.00   0.01     0.00    47.93     0.00    1.59   1.38   0.04 
sdn     2.87  0.30   0.03     0.01    24.42     0.00    0.55   0.34   0.11 
sdo     2.84  0.31   0.03     0.01    24.63     0.00    0.57   0.34   0.11 
sdp     2.82  0.30   0.03     0.00    24.49     0.00    0.58   0.34   0.10 
sdq     2.79  0.45   0.03     0.01    25.05     0.00    0.58   0.33   0.11 
sdr     2.89  0.28   0.03     0.00    24.44     0.00    0.60   0.34   0.11 
sds     2.94  0.32   0.03     0.01    24.35     0.00    0.56   0.34   0.11 
sdt     2.85  0.30   0.03     0.01    24.49     0.00    0.54   0.34   0.11 
sdu     2.82  0.29   0.03     0.00    24.64     0.00    0.56   0.34   0.11 
sdv     2.86  0.49   0.03     0.01    25.01     0.00    0.55   0.33   0.11 
sdw     2.93  0.58   0.03     0.01    25.12     0.00    0.53   0.33   0.11 
sdx     2.87  0.35   0.03     0.01    24.37     0.00    0.57   0.33   0.11 
sdy     2.84  0.61   0.03     0.01    25.28     0.00    0.52   0.32   0.11 
sdz     2.81  0.29   0.03     0.00    24.63     0.00    0.57   0.34   0.10 
sdaa    2.86  0.32   0.03     0.01    24.40     0.00    0.60   0.34   0.11 
sdab    2.89  0.33   0.03     0.01    24.37     0.00    0.58   0.34   0.11 
sdac    2.90  0.29   0.03     0.00    24.36     0.00    0.58   0.34   0.11 

Waitaminute!Shouldn’tweseefewerdisks,aseachcellhasonly12harddrivesinit?Weseesomany
disksbecauseinadditiontothe12harddisks,cellsalsohavetheirflashcardspresentedasseparate
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disks.Finally,there’salsooneUSBdisk.Youcanusethelsscsicommandinthecelltoseealldisks
detectedbytheOS:

$ lsscsi  
[0:2:0:0]    disk    LSI      MR9261-8i        2.12  /dev/sda 
[0:2:1:0]    disk    LSI      MR9261-8i        2.12  /dev/sdb 
[0:2:2:0]    disk    LSI      MR9261-8i        2.12  /dev/sdc 
[0:2:3:0]    disk    LSI      MR9261-8i        2.12  /dev/sdd 
[0:2:4:0]    disk    LSI      MR9261-8i        2.12  /dev/sde 
[0:2:5:0]    disk    LSI      MR9261-8i        2.12  /dev/sdf 
[0:2:6:0]    disk    LSI      MR9261-8i        2.12  /dev/sdg 
[0:2:7:0]    disk    LSI      MR9261-8i        2.12  /dev/sdh 
[0:2:8:0]    disk    LSI      MR9261-8i        2.12  /dev/sdi 
[0:2:9:0]    disk    LSI      MR9261-8i        2.12  /dev/sdj 
[0:2:10:0]   disk    LSI      MR9261-8i        2.12  /dev/sdk 
[0:2:11:0]   disk    LSI      MR9261-8i        2.12  /dev/sdl 
[1:0:0:0]    disk    Unigen   PSA4000         1100  /dev/sdm 
[8:0:0:0]    disk    ATA      MARVELL SD88SA02 D20Y  /dev/sdn 
[8:0:1:0]    disk    ATA      MARVELL SD88SA02 D20Y  /dev/sdo 
[8:0:2:0]    disk    ATA      MARVELL SD88SA02 D20Y  /dev/sdp 
[8:0:3:0]    disk    ATA      MARVELL SD88SA02 D20Y  /dev/sdq 
[9:0:0:0]    disk    ATA      MARVELL SD88SA02 D20Y  /dev/sdr 
[9:0:1:0]    disk    ATA      MARVELL SD88SA02 D20Y  /dev/sds 
[9:0:2:0]    disk    ATA      MARVELL SD88SA02 D20Y  /dev/sdt 
[9:0:3:0]    disk    ATA      MARVELL SD88SA02 D20Y  /dev/sdu 
[10:0:0:0]   disk    ATA      MARVELL SD88SA02 D20Y  /dev/sdv 
[10:0:1:0]   disk    ATA      MARVELL SD88SA02 D20Y  /dev/sdw 
[10:0:2:0]   disk    ATA      MARVELL SD88SA02 D20Y  /dev/sdx 
[10:0:3:0]   disk    ATA      MARVELL SD88SA02 D20Y  /dev/sdy 
[11:0:0:0]   disk    ATA      MARVELL SD88SA02 D20Y  /dev/sdz 
[11:0:1:0]   disk    ATA      MARVELL SD88SA02 D20Y  /dev/sdaa 
[11:0:2:0]   disk    ATA      MARVELL SD88SA02 D20Y  /dev/sdab 
[11:0:3:0]   disk    ATA      MARVELL SD88SA02 D20Y  /dev/sdac 



TheLSIdisksherearetheharddiskspresentedtothehostbytheLSISCSIRAIDcontroller(fromdevices
sdatosdl),theUnigenPSA4000istheUSBdisk,andtheMARVELLATAdisksaretheflashcards.Ifyou
comparetheaverageI/Oservicetimes(svctm)iniostat,you’llseethatthedevicesbelongingtoflash
cardshaveaservicetimeanorderofmagnitudelowerthanharddiskdevices.So,ifyouwanttomonitor
onlythehard-diskdevices,youcanfilteriostatoutputthisway:

 
$ iostat -xm 5 | egrep "Device|^sd[a-l] " 
Device:  r/s   w/s  rMB/s    wMB/s avgrq-sz avgqu-sz   await  svctm  %util 
sda    11.95 12.22   8.62     1.38   847.59     1.60   66.26   3.76   9.09 
sdb     9.79 13.62   4.14     1.36   480.53     1.13   48.12   3.31   7.74 
sdc     7.06  6.64   4.07     1.26   796.10     0.63   46.05   3.65   5.00 
sdd     6.06  7.89   3.94     1.27   765.02     0.84   60.38   3.74   5.22 
sde    10.45  8.20   8.90     1.31  1121.89     0.86   46.02   3.79   7.07 
sdf     1.60  1.79   0.05     0.04    55.38     0.01    2.84   1.03   0.35 
sdg     7.15  6.93   5.90     1.28  1044.40     0.53   37.76   4.22   5.94 
sdh     5.61  7.48   4.06     1.28   835.26     0.49   37.78   3.85   5.04 
sdi    12.89  8.11   4.63     1.31   579.09     0.71   33.88   3.50   7.34 
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sdj     5.43  6.55   4.07     1.23   906.89     0.56   46.48   4.05   4.85 
sdk    11.34  8.86   9.74     1.34  1122.70     0.83   41.18   3.81   7.70 
sdl    16.40 10.23   8.80     1.26   773.96     0.75   28.27   2.83   7.53 

Advanced Cell Monitoring With OS Watcher 

Whilethedatabase-levelwaitprofileandSQLMonitoringshouldbeusedasastartingpointfor
performancemonitoringandtroubleshooting,sometimestheseapproachesarenotenoughandyou
wanttodrilldeeper.Thissectionexplainsoneadditionaldatasourceforthat.Exadatastoragecellscome
withapreinstalledtoolcalledOSWatcher,locatedinthe/opt/oracle.oswatcher/oswdirectory.Thistool
isjustasetofshellscripts,whichthenrunstandardOStools,likevmstat,iostatandnetstat,tocollect
theirdata.OSWatcher’sbenefitisthatitrunsatOSlevel,notinsideadatabase,soitisnotaffectedby
databasehangsandperformanceissuesorcaseswherethedatabase’sV$viewsdon’tshowthetruthor
haveenoughdetail.Additionally,thehigh-frequencyOSWatchercollectorssampledataeverysecondor
fewseconds,allowingittodetectshort“hiccups”orburstsofactivity.

YoucancheckwhethertheOSWatcherisrunningbysimplysearchingforanyprocesseswith
“OSW”intheirname(besuretosearchforbothupperandlowercase):

# pgrep -lf "OSW|osw" 
10543 /bin/ksh ./oswsub.sh HighFreq ./Exadata_cellsrvstat.sh 
26412 /bin/ksh ./OSWatcher.sh 15 168 bzip2 
28827 /bin/ksh ./OSWatcherFM.sh 168 
28846 /bin/ksh ./oswsub.sh HighFreq ./Exadata_vmstat.sh 
28847 /bin/ksh ./oswsub.sh HighFreq ./Exadata_mpstat.sh 
28848 /bin/ksh ./oswsub.sh HighFreq ./Exadata_netstat.sh 
28849 /bin/ksh ./oswsub.sh HighFreq ./Exadata_iostat.sh 
28853 /bin/ksh ./oswsub.sh HighFreq ./Exadata_top.sh 
28877 /bin/ksh ./oswsub.sh HighFreq /opt/oracle.oswatcher/osw/ExadataRdsInfo.sh 
28910 /bin/bash /opt/oracle.oswatcher/osw/ExadataRdsInfo.sh HighFreq 

Apparently,theOSWatcherisrunninginthisstoragecellandthereareanumberofExadata-specific
collectorsenabled,too.IfyouwanttoseethehierarchyoftheOSWatcherprocessdaemons,thenon
Linuxyoucanuseeithertheps -Hcommandshowninthefirstchapterorthepstree commandas
shownhere:

# pstree -aAhlup `pgrep OSWatcher.sh`  
 
OSWatcher.sh,26412 ./OSWatcher.sh 15 168 bzip2 
  |-ExadataDiagColl,28866 /opt/oracle.cellos/ExadataDiagCollector.sh 
  |   `-sleep,25718 3 
  |-OSWatcherFM.sh,28827 ./OSWatcherFM.sh 168 
  |-oswsub.sh,10543 ./oswsub.sh HighFreq ./Exadata_cellsrvstat.sh 
  |   `-Exadata_cellsrv,10547 ./Exadata_cellsrvstat.sh HighFreq 
  |       |-bzip2,10591 --stdout 
  |       `-cellsrvstat,10590 -interval=5 -count=720 
  |-oswsub.sh,28846 ./oswsub.sh HighFreq ./Exadata_vmstat.sh 
  |   `-Exadata_vmstat.,28850 ./Exadata_vmstat.sh HighFreq 
  |       |-bzip2,12126 --stdout 
  |       `-vmstat,12125 5 720 
  |-oswsub.sh,28847 ./oswsub.sh HighFreq ./Exadata_mpstat.sh 
  |   `-Exadata_mpstat.,28852 ./Exadata_mpstat.sh HighFreq 
  |       |-bzip2,12627 --stdout 
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  |       `-mpstat,12626 5 720 
  |-oswsub.sh,28848 ./oswsub.sh HighFreq ./Exadata_netstat.sh 
  |   `-Exadata_netstat,28854 ./Exadata_netstat.sh HighFreq 
  |       `-sleep,25717 15 
  |-oswsub.sh,28849 ./oswsub.sh HighFreq ./Exadata_iostat.sh 
  |   `-Exadata_iostat.,28856 ./Exadata_iostat.sh HighFreq 
  |       |-bzip2,12105 --stdout 
  |       `-iostat,12104 -t -x 5 720 
  |-oswsub.sh,28853 ./oswsub.sh HighFreq ./Exadata_top.sh 
  |   `-Exadata_top.sh,28864 ./Exadata_top.sh HighFreq 
  |       |-bzip2,13453 --stdout 
  |       `-top,13452 -b -c -d 5 -n 720 
  `-oswsub.sh,28877 ./oswsub.sh HighFreq /opt/oracle.oswatcher/osw/ExadataRdsInfo.sh 
      `-ExadataRdsInfo.,28910 /opt/oracle.oswatcher/osw/ExadataRdsInfo.sh HighFreq 
          `-sleep,25710 10 

TheOSWatcherdaemonsstoretheircollecteddatainthe/opt/oracle.oswatcher/osw/archive/
directory.Itdoesn’tuseanyspecialformatforstoringthedata;itjuststoresthetextoutputofthe
standardOStoolsitruns.Thismakesiteasytouseregulartextprocessingutilities,likegrep,AWKor
Perl/pythonscriptstoextractandpresenttheinformationyouneed.Here’sanexample:

# ls -l /opt/oracle.oswatcher/osw/archive/ 
total 280 
drwxr-s--- 2 root cellusers 28672 May 25 14:00 ExadataDiagCollect 
drwxr-s--- 2 root cellusers 20480 May 25 14:00 ExadataOSW 
drwxr-s--- 2 root cellusers 20480 May 25 14:00 ExadataRDS 
drwxr-s--- 2 root cellusers 45056 May 25 14:00 oswcellsrvstat 
drwxr-s--- 2 root cellusers 20480 May 25 14:01 oswiostat 
drwxr-s--- 2 root cellusers 20480 May 25 14:00 oswmeminfo 
drwxr-s--- 2 root cellusers 20480 May 25 14:00 oswmpstat 
drwxr-s--- 2 root cellusers 24576 May 25 14:00 oswnetstat 
drwxr-s--- 2 root cellusers  4096 May  6 12:35 oswprvtnet 
drwxr-s--- 2 root cellusers 20480 May 25 14:00 oswps 
drwxr-s--- 2 root cellusers 20480 May 25 14:00 oswslabinfo 
drwxr-s--- 2 root cellusers 20480 May 25 14:00 oswtop 
drwxr-s--- 2 root cellusers 20480 May 25 14:01 oswvmstat 

Eachdirectorycontainsarchivefileswithcorrespondingcommandoutput:

# cd /opt/oracle.oswatcher/osw/archive/oswiostat/ 
# ls -tr  | tail 
 
enkcel03.enkitec.com_iostat_11.05.25.0500.dat.bz2 
enkcel03.enkitec.com_iostat_11.05.25.0600.dat.bz2 
enkcel03.enkitec.com_iostat_11.05.25.0700.dat.bz2 
enkcel03.enkitec.com_iostat_11.05.25.0800.dat.bz2 
enkcel03.enkitec.com_iostat_11.05.25.0900.dat.bz2 
enkcel03.enkitec.com_iostat_11.05.25.1000.dat.bz2 
enkcel03.enkitec.com_iostat_11.05.25.1100.dat.bz2 
enkcel03.enkitec.com_iostat_11.05.25.1200.dat.bz2 
enkcel03.enkitec.com_iostat_11.05.25.1400.dat.bz2 
enkcel03.enkitec.com_iostat_11.05.25.1300.dat.bz2 



CHAPTER12MONITORINGEXADATAPERFORMANCE

413

Thereisaseparatebzippedfilesavedforeachhour,makingiteasytomanuallyinvestigatepast
performancedataorwriteaquickAWK,greporPerlscript,whichextractsonlythedataofinterest.The
examplebelowextractsiostatI/Ostatisticsfromabzippedfilefrom9AMonMay25,2011:

# bzcat enkcel03.enkitec.com_iostat_11.05.25.0900.dat.bz2 | head -15 
zzz ***Wed May 25 09:01:43 CDT 2011 Sample interval: 5 secconds 
Linux 2.6.18-194.3.1.0.4.el5 (enkcel03.enkitec.com)      05/25/11 
 
Time: 09:01:43 
avg-cpu:  %user   %nice %system %iowait  %steal   %idle 
           0.76    0.00    0.78    1.37    0.00   97.09 
 
Device:    r/s   w/s   rsec/s   wsec/s avgrq-sz avgqu-sz   await  svctm  %util 
sda      12.30 12.66 17968.35  3004.31   840.31     1.27   51.05   3.68   9.18 
sda1      0.00  0.00     0.45     0.00   114.13     0.00   12.17   1.57   0.00 
sda2      0.00  0.00     0.00     0.00     2.20     0.00    0.62   0.60   0.00 
sda3     11.44  7.14 17879.86  2869.85  1116.56     1.21   65.19   4.76   8.84 
sda4      0.00  0.00     0.00     0.00     1.14     0.00   18.41  18.41   0.00 
sda5      0.25  4.55    14.33   116.28    27.20     0.04    8.01   2.33   1.12 
sda6      0.29  0.00    38.61     0.00   131.20     0.01   27.53   0.99   0.03 
... 

TheOSWatcheroutputsamplesareprefixedbyatimestampline,whichstartswith“zzz”asyousee
above.Thisshowsyoutheexacttime,uptothesecond,whentheOScommandwasexecutedandwhat
thesampleintervalwas.Notethatthis“zzz”linewillonlyshowyouwhenthemonitoringcommandwas
executed.Somecommandsareexecutedonlyonceperhour,buttheykeepcollectinganddumpingdata
samplesthroughoutthathour.Insuchcasetherearemonitoringcommand-specifictimestampsprinted
foreachdatasample.Thefollowingexampleshowshowthecellsrvstatcommanduses===Current 
Time===toindicatetheexacttimetheperformancedatabelowitisfrom.Youcanusethisprefixinyour
customscripts.Here’sanexample:::

# bzcat enkcel03.enkitec.com_cellsrvstat_11.05.25.1300.dat.bz2 | head -30 
zzz ***Wed May 25 13:00:00 CDT 2011 Sample interval: 5 secconds 
===Current Time===                                      Wed May 25 13:00:00 2011 
 
== Input/Output related stats == 
Number of hard disk block IO read requests                      0      167987444 
Number of hard disk block IO write requests                     0      150496829 
Hard disk block IO reads (KB)                                   0   111186344274 
Hard disk block IO writes (KB)                                  0    25224016152 
Number of flash disk block IO read requests                     0       67230332 
Number of flash disk block IO write requests                    0       15528794 
Flash disk block IO reads (KB)                                  0      870806808 
Flash disk block IO writes (KB)                                 0      347337424 
Number of disk IO errors                                        0              0 
Number of reads from flash cache                                0       57890992 
Number of writes to flash cache                                 0       13119701 
Flash cache reads (KB)                                          0      870014160 
Flash cache writes (KB)                                         0      347236056 
Number of flash cache IO errors                                 0              0 
Size of eviction from flash cache (KB)                          0              0 
Number of outstanding large flash IOs                           0              0 
Number of latency threshold warnings during job                 0          13400 
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Number of latency threshold warnings by checker                 0              0 
Number of latency threshold warnings for smart IO               0              0 
Number of latency threshold warnings for redo log writes     0           6568 
Current read block IO to be issued (KB)                         0              0 
Total read block IO to be issued (KB)                           0     9066623802 
Current write block IO to be issued (KB)                        0              0 
Total write block IO to be issued (KB)                          0    25054696317 
Current read blocks in IO (KB)                                  0              0 
Total read block IO issued (KB)                                 0     9066623802 
.... a lot of output removed .... 


Thisoutputisjustthefirstofeach5-secondsamplesdumpedbycellsrvstateveryhour.Thefirst

columnshowsthecellmetricname,andthesecondcolumn(allzeros)showsthemetricvalueinthe
current metric interval(snapshot).Becausethecommandwasjustexecuted(andtookitsfirstsample),it
showszeroforeachmetric,asthedeltacomputationstartsonlyafterthesecondsnapshotistaken.If
younavigatedownwardintheOSWatcherdumpfile,youwillseenonzerovaluesformanymetrics,
startingfromthesecondsnapshot.Thelastcolumnshowsthecumulativevalue(sincethecellsrv
processstarted)foreachmetric.Youprobablyshouldjustignorethiscumulativevalue,asitcontains
informationfromsincethecellsrvstart(whichmaybemonthsago).Lookingatasinglecumulative
value,accumulatinginformationfromsuchalongtime,wouldnottellyoumuchaboutwhat’s
happeningrightnoworwhatwashappeninglastFridayat8AM.Metricdeltasovershortertimeperiods
arethewaytogo,andthisiswhatyouseeinthesecondcolumn:thecurrentintervalvalueasof
samplingthemetrics.Nowlet’ssayweareinterestedonlyinasinglecellsrvmetric,NumberofLatency
ThresholdforRedoLogWrites,asthedatabaselayerexperiencedsomelog file parallel writedelays(as
seeninV$EVENT_HISTOGRAM,forexample)earlier.Let’ssaythishappenedonMay5,2011earlyinthe
morning.AstheOSWatcherlogfilesarenamedaccordingthedateandtime(YY.MM.DDandhourin24-
hourformat),youcansearchforspecificfilesonlybyusingregularUnixfilesystemwildcards.Inthe
followingexamplewe’researchingforallhoursofMay5,2011andusingegreptolistboththe“current
time”andthemetriclinesfromthematchingfiles:

 
# bzcat enkcel03.enkitec.com_cellsrvstat_11.05.25.*.dat.bz2 | \ 
  egrep "===Current Time===|Number of latency threshold warnings for redo log writes" | \ 
  head 
 
===Current Time===                                      Wed May 25 00:00:03 2011 
Number of latency threshold warnings for redo log writes        0           6564 
===Current Time===                                      Wed May 25 00:00:08 2011 
Number of latency threshold warnings for redo log writes        0           6564 
===Current Time===                                      Wed May 25 00:00:13 2011 
Number of latency threshold warnings for redo log writes        0           6564 
===Current Time===                                      Wed May 25 00:00:18 2011 
Number of latency threshold warnings for redo log writes        0           6564 
===Current Time===                                      Wed May 25 00:00:23 2011 
Number of latency threshold warnings for redo log writes        2           6566 
 

Asit’shardtoreadtheaboveoutput,here’salittlescriptwhichformatstheoutputbetterandismore
convenienttouse:
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#!/bin/bash 
 
# Name:    oswextract.sh  
# Purpose: Extract a specific metric from OS Watcher cellsrvstat archives 
# 
# Usage: 
#   ./oswetract.sh "cellsrv metric to grep for" osw_archive_files_of_interest*.dat.bz2 
# 
# Example: 
#   ./oswextract.sh "Number of latency threshold warnings for redo log writes" \ 
#                                    cell01.example.com_cellsrvstat_11.05.25.*.dat.bz2 
 
METRIC=$1 
shift 
 
bzcat -q $* | 
  egrep "Current Time|$METRIC" |  
  awk ' 
    BEGIN  
      { printf("%-21s %20s %20s\n", "TIME", "CURRENT_VAL", "CUMULATIVE_VAL") } 
    /Current/ 
      { printf("%s %s %s %s", $3, $4, $5, $6, $7) } 
    /Number of latency threshold warnings for redo log writes/  
      { printf("%20d %20d\n", $10, $11) } 
 
  ' 
# end of script 
 

WhilethisscriptismeanttomakeextractingthedesiredmetrichistoryoutoftheOSWatcherlogseasier,
themainpurposeoflistingthescriptinthisbookistoshowhoweasyextractinghistoricalOS-level(and
other)metricscanbe.InvestingadayintolearningbasicAWKorPerltextprocessingwilllikelypayoff
andsavetimewhenyouneedtodounconventionalmonitoringortroubleshootingtasks.Let’sseewhat
itdoes:

 
# ./oswextract.sh "Number of latency threshold warnings for redo log writes" \ 
                        enkcel03.enkitec.com_cellsrvstat_11.05.25.*.dat.bz2  | head 
 
TIME                         CURRENT_VAL       CUMULATIVE_VAL 
Wed May 25 00:00:03                   0                 6564 
Wed May 25 00:00:08                   0                 6564 
Wed May 25 00:00:13                   0                 6564 
Wed May 25 00:00:18                   0                 6564 
Wed May 25 00:00:23                 2                6566 
Wed May 25 00:00:28                   0                 6566 
Wed May 25 00:00:33                   0                 6566 
Wed May 25 00:00:38                   0                 6566 
Wed May 25 00:00:43                   0                 6566 
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Thescriptgoesthroughallthefilenames,whichmatchthesecondexpressiononthecommandlineand
grepsforwhatevermetricisspecifiedasthefirstparameter(indoublequotes).Inthiscaseweare
lookingforNumberofLatencyThresholdWarningsforRedoLogWrites,whichisincrementedwhenI/O
operationstaggedasredologfilewritestaketoolongtocompleteinthecell.Apparentlythereweretwo
I/Ooperationsaroundthetimerangebetween00:00:18and00:00:23whichhadresponsetimeshigh
enoughtobereported.

Usingthepreviousexample,youcanalreadygenerateformatteddatagoodenoughforvisual
inspectionorloadingintoExcelorsomechartingtool.Ifyouarelookingonlyforsomerandomproblem
times,thenyoucandopost-processing,suchasshowingjustthelineswherethemetricvalueisnot
zero:

# ./oswextract.sh "Number of latency threshold warnings for redo log writes" \ 
             enkcel03.enkitec.com_cellsrvstat_11.05.*.*.dat.bz2 | grep -v " 0 " 
 
TIME                       CURRENT_VAL       CUMULATIVE_VAL 
Sat May 7 02:00:02                   2                    2 
Sat May 7 06:00:03                  10                   12 
Sat May 7 08:00:02                   5                   17 
Sat May 7 21:28:15                   1                   18 
Sat May 7 22:00:19                   1                   19 
Sat May 7 22:00:29                   4                   23 
Sat May 7 22:00:34                   4                   27 
Sun May 8 02:00:03                  10                   37 
Sun May 8 02:00:09                   8                   45 
Sun May 8 04:00:03                   4                   49 
Sun May 8 06:00:11                  11                   82 
Sun May 8 08:00:05                   6                   88 
Mon May 9 02:00:10                  16                  104 
Mon May 9 04:00:02                   4                  108 

Alternatively,youcansorttheoutputbythemetricvalueintheCURRENT_VALcolumntoseetheworst
problemtimesfirst.Thenextexampleusessort -nrk5 aswe’resortingthefifthcolumn(columns1–4
arethedatecolumncomponents,asfarasthesortutilitysees):

# ./oswextract.sh "Number of latency threshold warnings for redo log writes" \ 
      enkcel03.enkitec.com_cellsrvstat_11.05.*.*.dat.bz2 | \  
      grep -v " 0 " | sort -nrk5 | head 
 
Sat May 14 06:00:03                  30                  631 
Fri May 13 00:00:09                  25                  432 
Tue May 10 02:00:09                  22                  174 
Sat May 14 00:00:11                  22                  549 
Wed May 11 02:00:08                  17                  215 
Mon May  9 02:00:10                  16                  104 
Tue May 10 22:00:09                  12                  190 
Sun May  8 06:00:11                  11                   82 
Mon May  9 22:00:07                  11                  126 
Sun May  8 02:00:03                  10                   37 

Apparently,themostlogfilewritelatencyproblemsweredetectedat6:00:03AMMay14.Whenyoulook
attheotheroutputlines,youprobablyseeaninterestingpattern.Alltheseproblemsarereportedfroma
fewsecondsafterafullhour.Well,thisisjustbecauseinthisparticularExadatatestingcluster,wehave
overtenseparatedatabasesinstalled,buttheyonlyrunsomereportsinparallelandusuallythereisno
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OLTPactivitydoingcommits.Butisitthendoingthesecommitsjustafterthehourstarts?Well,theseare
defaultOracleDatabaseinstallationswithAWRsnapshotstakingplaceatthefullhour.Andthereare
over10databasesinthecluster,withanAWRsnapshottakenandwrittenineachclusterdatabase
instance.EachAWRsnapshotwriteinvolvesmultiplecommits,andapparentlytheresultinglogfile
writeshaveoccasionallytakenlongerthanexpected.Thenextstepfortroubleshootingsuchlow-level
I/OissuesinacellwouldbetolookattheOS-levelmetrics,likeiostat.Thecellsdoperformregular
blockI/Oagainsttheirdisks,afterall,soalltheOS-levelI/Omonitoringtoolsstilldoapply.

Inthefollowingextractfromtheiostatarchive,youseeafewinterestingthings.Theawait time
showsthatonaverage,I/Ocompletiontime(queuingplusservicetime)isover100msforalmostallthe
disks.Foracoupleofdisksitisashighas549msand738msonaverage!Thedisk’sestimatedservice
time(svctm)showsgoodI/Oservicetimes(below10ms),sotheharddisksandlowerhalfoftheI/O
subsystemseemstoworkOK.ThehighresponsetimesmusthavecomefromI/Oqueuingwaits,which
happenswhenmoreI/OrequestsareissuedtoOSthanthestoragehardware(anddevicedriver
configuration)canaccept.

Time: 06:00:05 
Device:  r/s   w/s    rsec/s   wsec/s avgrq-sz avgqu-sz   await  svctm  %util 
sda    84.60 15.20 162235.20  1038.40  1636.01    61.35  738.49   9.40  93.84 
sdb    68.60 16.80 124716.80  1375.20  1476.49    20.91  253.98   8.37  71.50 
sdc    65.00  0.00 130918.40     0.00  2014.13    11.14  171.82   8.94  58.12 
sdd    60.00  1.20 120358.40    27.60  1967.09     9.74  167.52   8.56  52.38 
sde    60.00  4.80 122752.00   245.60  1898.11    10.41  172.73   8.32  53.92 
sdf     1.60  1.20     51.20    28.80    28.57     0.00    0.07   0.07   0.02 
sdg    58.00  0.00 118272.00     0.00  2039.17     9.51  173.76   8.53  49.46 
sdh    54.60  2.40 110912.00    48.40  1946.67    77.09  549.34   9.08  51.78 
sdi    24.20  4.80 133280.00   242.80  1035.06    15.82  125.00   5.24  67.62 
sdj    64.20  0.40 130566.40     3.40  2021.20    11.07  171.43   8.68  56.10 
sdk    61.20  0.80 124515.20    25.60  2008.72    12.32  202.59   9.32  57.78 
sdl    78.40  2.60 131196.80    21.20  1619.98    12.41  153.18   7.55  61.14 

Thiscaseisanexampleofhowlow-latencyOLTPI/Os(likelogfilewritesforcommits)don’tgowell
togetherwithlarge,massivelyparallelasynchronousI/Oworkloads,whichdrivethediskI/Oqueue
lengthsup,possiblymakingthelow-latencyI/Ossuffer.ThisiswhyyoushouldkeeptheI/OResource
ManagerenabledinExadatacellswhenrunningmixedworkloads,asIORMisabletothrottletheSmart
ScanI/OandprioritizeimportantbackgroundprocessI/O,suchaslogfilewrites,automatically. 

YoucanreadmoreabouttheOSWatchertoolinMyOracleSupportarticle“OSWatcherUser
Guide”(DocID301137.1).Infact,youcandownloadthelatestOSWatcherfromthereanduseitfor
monitoringyourotherserverstoo.TheMyOracleSupportversionofOSWatcherdoesnotincludethe
Exadatacell-specificmonitoringscripts,butyoudon’tneedthoseforyourregularservers,anyway.For
Exadatastoragecells,you’llhavetokeepusingtheoriginalversionshippedwiththecellsoftware,as
Oracledoesn’tauthorizeinstallationofanyadditionalstorageintostoragecellsifyouwanttokeepthe
supportedconfiguration.

ItpaysofftoopenupandskimthroughOSWatcherscripts;youmightlearnsomenewusefulOS-
levelmonitoringcommandsfromthereandwillhaveabetteroverviewofwhichOSmetricsare
available.Youshoulddrilldowntotheselow-levelmetricswhenthemoreconvenientlyaccessible
OracleDatabaseandCellcli-levelmetricsarenotenough.
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Summary 
TherearethousandsofmetricsthatOracleDatabaseandthecellsprovideus.We’veonlytouchedona
smallsetofthemhere.Thisleadstotheobviousquestions:areallthesemetricsimportant?Whatshould
betheir“good”values?Whichonesshouldweacton?Andsoon.Thegeneralanswertoallthose
questionsisthatno,youdonotneedtolearn,memorize,and“tune”allofthesemetrics(itis
impossible).Youshouldalwaysmeasurewhatmatters–andit’susuallytheresponsetime.Ideally,you
shouldstartbymeasuringtheend userresponsetimeanddrilldownwhereneededfromthere,
sometimestothedatabase,sometimestotheapplicationserverornetworkmetrics.It’snotalwaysthe
databasethatiscausingthetrouble,youknow.However,thankstothecomplexityofmodernmulti-tier
applications,thisend-to-enddiagnosismaynotbeavailable(andnotfeasibletoimplement).

Insuchcaseyouwouldtakeastepdownwardandmonitortheresponsetimeofyourdatabase
queriesandtransactions.Youjuststartthetop-downapproachfromalittlelowerintheapplication
stack,keepinginmindthattheproblemmaystillactuallybehappeningsomewhereintheapplication
layerorhigher.WhenmonitoringtheresponsetimesofyouruserreportsandDWqueries,youshould
probablystartfromtheSQLMonitoringpage(orASHdata),andidentifytheproblemuser’squeryfrom
theresoyoucandrilldownintoit.Usingthetop-downapproachandfollowingthebiggesttime
consumersintheSQLplanfromthereismucheasierthantheoppositebottom-upapproach,whereyou
mightlookatsomedatabase-widetopSQLreportandhopetofigureoutwhat’swrongwithyourspecific
user’sworkload.

Ofcourse,therearecaseswhereyou’llbemonitoringsystem-wideaggregatedanonymous
performancedata(nottiedtoanyspecificuserorsession),asincapacityplanningandutilization
monitoring.However,questionslike“Ismydatabaseperformingwell?”shouldneverbeansweredby
lookingatsomesystemutilizationreport.Noneofthesetoolscantellyouwhetheryourdatabasesystem
performswell;onlyyouruserscan.Andiftheusersareunhappy,youcanstartfromanunhappyuser
anddrilldownintotheresponsetimefromthere.Oracleprovidesallthemetricsyouneed!
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Migrating to Exadata 

Sothedayisfinallyhere.YourExadataDatabaseMachineisinstalled,configured,tuned,tweakedand
readytogo.Bynowyou’veprobablyinvestedmany,manyhourslearningaboutExadata,provingits
valuetothecompany,andplanninghowyouwillmakethemostofthispowerfuldatabaseplatform.No
doubtithasbeenalongroadtotravelbutyouaren’ttherequiteyet.Nowtherealworkbegins—
migration.

Thiswasamuchmoredifficultchaptertowritethanweexpected.Wecan’tcountallthemigrations
we’vebeenthroughovertheyears.ButwhenweconsideredallthevariousversionsofOracle,the
migrationtoolsavailable,andhowtheyhavechangedfromoneversiontothenext,itbecameclearthat
weneededtonarrowthescopesomewhat.Sotokeepthisinterestingandsaveafewtreeswe’llbe
focusingonversion11.2EnterpriseEditionforamajorityofthischapter.Alongthewaywe’llpointout
waystomakethemostofthefeaturesavailableinpreviousversionsoftheOracledatabase.

Therearemanymethods,tools,andtechniquesformigratingyourdatabasefromlegacyhardware
toExadata,butgenerallyspeakingtheyfallintotwobroadcategories:physicalmigrationandlogical
migration.Whilethereareseveralfactorsthatdeterminewhichmethodisbest,thedecisionmaking
processisusuallydominatedbyonefactor,theavailabledowntimetocompletethemove.Thegood
newsisthatthereareseveralstrategiestohelpyougetthere.Eachmethodcomeswithitsownpro’sand
con’s.Inthischapterwe’regoingtodigintoeachofthesemethods.We’lltalkaboutreasonsyoumight
useoneovertheother,therelativeadvantagesanddisadvantages,andwhatcommonpitfallsyoushould
watchoutfor.

Note:MigratingyourapplicationstoOracleExadatafromnon-Oracleplatformsisoutofthescopeofthisbook,
soitwon’tbecoveredhere.
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KevinSays:DuringTechnicalReviewIapproachedthischapterwithskepticism.Inmythinking,theideaofan
entirechapterdedicatedtomigratingadatabasetotheExadataDatabaseMachineseemedlikeawasteofspace.
Allowmetoexplain.

IroutinelyremindpeoplethatunlessExadataHybridColumnarCompression(EHCC)isbeingused,thereisno
differencebetweendatasegmentsstoredinExadataStorageServercellsandthoseinconventionalstorage.The
OracleDatabasesoftwaredeployedintheExadataDatabaseMachineisOracleDatabase11g—withaverysmall
amountofcodethatknowshowtocompressdataintoEHCCformandotherwiseinterfacewithExadataviaiDB.I
conductedmyfirstreviewpassofthischapterwiththemindsetofanimaginarycustomerwho,forwhatever
reason,findsnoneedforEHCC.WiththatmindsetIexpectedthischaptertobenothingmorethananoverviewof
databasemigrationconcepts,anoccasionalreferencetoOracleproductdocumentation,andperhaps,aparagraph
ortwoofspecialhandlingconsiderationsforEHCC.However,aftermyfirstreadingofthechapterIfeltcompelled
toaddthisnotetothereader.Evenifyouknoweverythingthereistoknowaboutdatabasemigration,inthe
contextofOracledatabase,Iencourageyoutoreadthischapter.Havingsaidthat,Istillwishtoreinforcethe
principlethatthereisnodifferencebetweenadatabasestoredinExadataStorageServercellsandonestoredin
conventionalstorage—unlessHCCisinvolved.ToendupwithanOracledatabasestoredinExadataStorage
Servercells,youhavetoflowthedatathroughthedatabasegridusingthesametoolsusedforanyothermigration
toOracle.However,Ibelievethattheprinciplesconveyedinthischapterwillbequitehelpfulinanymigration
scenariotoOracle.Iconsiderthatabonus!

Migration Strategies 
OnceyouhaveagoodunderstandingwhatExadatais,andhowitworks,youarereadytostartthinking
abouthowyouaregoingtogetyourdatabasemoved.Migrationstrategiesfallintotwogeneral
categories,logicalmigrationandphysicalmigration.Logicalmigrationinvolvesextractingthedatafrom
onedatabaseandloadingitintoanother.Physicalmigrationreferstoliftingthedatabase,blockby
block,fromonedatabaseserverandmovingittoanother.Thedataaccesscharacteristicsofyour
databaseareakeyconsiderationwhendecidingwhichmigrationmethodisbest.Thisisprimarily
becauseofthewaythedataisaccessedonExadata.OLTPdatabasestendtousesingleblockreadsand
updatedataacrossalltables,whereasDataWarehouse(DW)databasesaretypicallyoptimizedforfull
tablescansandonlyupdatecurrentdata.ExadatausesFlashCacheonthestoragecellstooptimize
singleblockreadsandimprovetheoverallperformanceforOLTPdatabases.ForDWdatabasesExadata
usesSmartScantechnologytooptimizefulltablescans.Thedetailsofthesetwooptimizationmethods
arecoveredinChapters2and5.Logicalmigrationallowsyoutheopportunitytomakechangestoyour
databasetooptimizeitfortheExadataplatform.Suchchangesmightincluderesizingextents,
implementingorredesigningyourcurrentpartitioningschemes,andcompressingtablesusingHCC.
TheseareallveryimportantstorageconsiderationsforlargetablesandespeciallysoforDWdatabases.
BecauseOLTPapplicationstendtoupdatedatathroughoutthedatabase,HCCcompressionisnota
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goodfitandwouldactuallydegradeperformance.Andwhilelargeextents(4MBand8MB+)are
beneficialforDWdatabases,theyarelessadvantageousforOLTPdatabases,whichusemostlyindex-
basedaccessand“random”single-blockreads.Physicalmigration,byitsverynature,allowsnochanges
tobemadetothestorageparametersfortablesandindexesinthedatabase,whilelogicalmigration
allowsmuchmoreflexibilityinredefiningstorage,compression,partitioningandmore.

Logical Migration 
Regardlessofthetechnologyused,logical migrationconsistsofextractingobjectsfromthesource
databaseandreloadingthemintoatargetdatabase.Eventhoughlogicalmigrationstrategiestendtobe
morecomplicatedthanphysicalstrategies,theyareusuallypreferablebecauseofthefollowing
advantages:

Staged Migration :Tablesandpartitionsthatarenolongertakingupdatescan
bemovedoutsideofthemigrationwindow,reducingthevolumetobemoved
duringthefinalcutover.

Selective Migration:Oftentimesthesourcedatabasehasobsoleteuser
accountsanddatabaseobjectsthatarenolongerneeded.Withthelogical
methodtheseobjectsmaybesimplyomittedfromthemigration.Theold
databasemaybekeptaroundforawhileincaseyoulaterdecideyouneed
somethingthatdidn’tgetmigrated.

Platform Differences:Dataisconvertedtotargetdatabaseblocksize
automatically.Big-endiantolittle-endianconversionishandledautomatically.

Exadatahybridcolumnarcompression(HCC)canbeconfiguredbeforedatais
moved.ThatisthetablesmaybedefinedwithHCCintheExadatadatabaseso
thatdataiscompressedasitisloadedintothenewdatabase.

Extent Sizing:Targettables,partitions,andindexesmaybepre-createdwith
optimalextentsizes(multiplesof4MB)beforethedataismoved.

Allows Merging of Databases:ThisisparticularlyimportantwhenExadatais
usedasaconsolidationplatform.IfyourExadataismodelV2orX2-2,memory
onthedatabaseserversmaybeasomewhatlimitingfactor.V2databaseservers
areconfiguredwith72GofRAMeach,whileX2-2comeswith96GRAMper
server.Thisisalotofmemorywhendealingwith10orfewermoderatetolarge
sizeddatabases.Butitisbecomingfairlycommontosee15ormoredatabases
onaserver.Forexample,oneofusworkedonaprojectwhereExadatawasused
tohostPeopleSoftHRandFinancialsdatabases.Theimplementerrequested15
databasesforthiseffort.Addtothisthe10databasesintheirplanforother
applicationsandSGAmemorybecamearealconcern.Thesolutionofcourseis
tomergetheseseparatedatabasestogetherallowingthemtosharememory
moreefficiently.Thismayormaynotbeadifficulttaskdependingonhow
containedthedatabasesareattheschemalevel.

Ifusingthe“createtableasselect”methodor“insertintoasselect”method
(CTASorIAS)overadatabaselink,thenthedatamayalsobesortedasitis
loadedintothetargetdatabasetoimproveindexefficiency,optimizefor
ExadataStorageIndexesandachievebettercompressionratios.
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Therearebasicallytwoapproachesforlogicalmigration.Oneinvolvesextractingdatafromthe
sourcedatabaseandloadingitintothetargetdatabase.We’llcallthisthe“ExtractandLoad”method.
ToolscommonlyusedinthisapproachareDataPump,Export/Import,andCTAS(orIAS)througha
databaselink.Theothermethodistoreplicatethesourcedatabaseduringnormalbusinessoperations.
Whenthetimecomestoswitchtothenewdatabase,replicationiscancelledandclientapplicationsare
redirectedtothenewdatabase.We’llrefertothisasthe“Replication-Based”method.Toolscommonly
usedintheReplication-BasedmethodareOracleStreams,OracleDataGuard(LogicalStandby),and
OracleGoldenGate.Itisalsopossibletouseacombinationofphysicalandlogicalmigration,suchas
copying(mostly)readonlytablespacesoverwellaheadofthefinalcut-overandapplyingchangesto
themviasomereplicationmethodlikeStreams.

ExtractandLoad
Generallyspeaking,theExtractandLoadmethodrequiresthemostdowntimeofallthemigration
strategies.Thisisbecauseoncetheextractbegins,andforthedurationofthemigration,allDMLactivity
mustbebroughttoastop.Datawarehouseenvironmentsaretheexceptiontotherule,becausedatais
typicallyorganizedinan“age-in/age-out”fashion.Sincedataistypicallypartitionedbydaterange,
staticdataisseparatedfromdatathatisstillundergoingchange.This“readonly”datamaybemigrated
aheadoftime,outsidethefinalmigrationwindow;perhapsevenduringbusinesshours.Thebiggest
advantageoftheExtractandLoadstrategyisitssimplicity.MostDBAshaveusedDataPumporCTASfor
onereasonoranother,sothetoolsetisfamiliar.Anotherbigadvantageisthecontrolitgivesyou.Oneof
thegreatnewfeaturesExadatabringstothetableisHybridColumnarCompression(HCC).Sinceyou
havecompletecontroloverhowthedataisloadedintothetargetdatabase,itisarelativelysimpletask
toemployHCCtocompresstablesastheyareloadedin.ExtractandLoadalsoallowsyoutoimplement
partitioningorchangepartitioningstrategies.LoadingdatausingCTASallowsyoutosortdataasitis
loaded,whichimprovestheefficiencyofExadata’sstorageindexes.Onecouldarguethatallthesethings
couldbedonepostmigration,andthatistrue.Butwhymovethedatatwicewhenitcanbeincorporated
intothemigrationprocessitself?Insomesituationsitmaynotevenbepossibletofitthedataontothe
platformwithoutapplyingcompression.Inthenextfewsectionswewillcoverseveralapproachesfor
performingExtractandLoadmigrations.

KevinSays:Thepointaboutorderedloadingofdataisaveryimportanttopic.Itistruethatthismaynotalways
beanoption,butthebenefitcangoevenfurtherthantheimprovedstorageindexefficiencyalreadymentioned.
OrderedloadingcanincreasethecompressionratioofExadataHybridColumnarCompressionaswell.Inspiteof
thesophisticatedload-timecompressiontechniquesemployedbytheHCCfeature,thefundamentalscanneverbe
forgotten.Inthecaseofcompression,like-valuesalwayscompressmoredeeply.Itisworthconsideringwhether
thisapproachfitsintotheworkflowandopportunitywindowfordataloading.

Data Pump 

DataPumpisanexcellenttoolformovinglargequantitiesofdatabetweendatabases.DataPump
consistsoftwoprograms,expdpandimpdp.Theexpdpcommandisusedtoextractdatabaseobjectsout
ofthesourcedatabase.Itcanbeusedtodumpthecontentsofanentiredatabaseor,moreselectively,by
schemaorbytable.LikeitspredecessorExport(exp),DataPumpextractsdataandsavesitintoa
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portabledatafile.ThisfilecanthenbecopiedtoExadataandloadedintothetargetdatabaseusingthe
impdpcommand.DataPumpmadeitsfirstappearanceinOracle10g,soifyourdatabaseisversion9ior
earlier,youwillneedtousetheoldExport/Import(exp/imp)instead.ExportandImporthavebeen
aroundsinceOracle7,andalthoughtheyaregettingalittlelonginthetooththeyarestillveryeffective
toolsformigratingdataandobjectsfromonedatabasetoanother.And,eventhoughOraclehasbeen
talkingaboutdroppingexpandimpforyearsnow,theyarestillpartofthebase11.2install.Firstwe’lltalk
aboutDataPumpandhowitcanbeusedtomigratetoExadata.Afterthatwecantakeaquicklookat
waystomigrateolderdatabasesusingExportandImport.Keepinmindthatnewfeaturesand
parametersareaddedtoDataPumpwitheachmajorrelease.ChecktheOracledocumentationfor
capabilitiesandfeaturesspecifictoyourdatabaseversion.

Fromtimetotimeinthischapterwe’llmakereferencetotestsandtimingswesawinourlab.Table
13-1showssomeoftherelevantcharacteristicsoftheserversanddatabasesweusedforthesetests.The
LAB112databaseisthesourcedatabaseandEXDBisthetarget(Exadata)database.ItisanExadataV2
quarterrackconfiguration.

Table 13-1. Lab Configuration 

Database Db Version Platform Processors CPU Clock 

LAB112 11.2.0.1 RedHatLinux5,32bit 8DualCore,IntelXeon
IntelXeonMPCPU

2.80GHz

EXDB 11.2.0.1 OracleEnterpriseLinux5,64bit 2QuadCore,IntelXeon
E5540(Nahalem)

2.53GHz


Hereisabreakdownofthesegmentsinmytestdatabase.

SEGMENT_TYPE               MBYTES 
-------------------- ------------ 
CLUSTER                        63 
INDEX                      13,137 
INDEX PARTITION               236 
LOBINDEX                       48 
LOBSEGMENT                    290 
TABLE                      20,662 
TABLE PARTITION             1,768 
TYPE2 UNDO                    142 

Now,let’stakealookatsomeoftheDataPumpparametersyou’llwanttoknowabout.Hereare
someofthekeyparametersthatareusefulformigratingdatabases.

COMPRESSION:DataPumpcompressionisarelativelynewfeature.In10gyouhad
theabilitytocompressmetadata,butin11gthiscapabilitywasextendedto
tabledataaswell.ValidoptionsareALL,DATA_ONLY,METADATA_ONLYandNONE.
UsingtheCOMPRESSION=ALLoptionDataPumpreducedthesizeofourexport
from13.4Gto2.5G,acompressionratioofover5times.That’sapretty
significantsavingsinstorage.Whenweranthetestwithcompressionturned
on,wefullyexpectedittoslowdowntheexport,butinsteaditactuallyreduced
ourexporttimefrom39minutestojustover9minutes.Thiswon’talwaysbe
thecase,ofcourse.OnourtestsystemtheexportwasclearlyI/O-bound.Butit
doespointoutthatcompressioncansignificantlyreducethestorage
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requirementsforexportingyourdatabasewithoutnecessarilyslowingdownthe
process.Unfortunately,theabilitytocompresstabledataontheflywasnot
introduceduntilrelease11gR1.Ifyourdatabaseis10gandyouneedto
compressyourdumpfilesbeforetransferringthemtoExadata,youwillneedto
dothatusingexternaltoolslikegzip,zip,orcompress.Notethattheuseofthe
dataCOMPRESSIONoptioninDataPumprequiresOracleAdvancedCompression
licenses.

FLASHBACK_TIME, FLASHBACK_SCN:Believeitornot,bydefaultDataPumpdoes
notguaranteethereadconsistencyofyourexport.Toexportaread-consistent
imageofyourdatabaseyoumustuseeithertheFLASHBACK_SCNorthe
FLASHBACK_TIMEparameter.IfyouuseFLASHBACK_TIME,DataPumplooksupthe
nearestSystemChangeNumber(SCN)correspondingtothetimeyouspecified
andexportsalldataasofthatSCN.FLASHBACK_TIMEcanbepassedintoData
Pumpasfollows:

FLASHBACK_TIME="to_timestamp('05-SEP-2010 21:00:00','DD-MON-YYYY HH24:MI:SS')" 

IfyouchoosetouseFLASHBACK_SCN,youcangetthecurrentSCNofyour
databasebyrunningthefollowingquery:

SQL> select current_scn from v$database; 

FULL, SCHEMAS, TABLES:Theseoptionsaremutuallyexclusiveandspecifywhether
theexportwillbeforthefulldatabase,aselectionofschemas,oraselectionof
individualtables.Notethatcertainschemas,likeSYS,MDSYS,CTXSYS,and
DBSNMP,areneverexportedwhendoingafulldatabaseexport.

PARALLEL:ThePARALLELparameterinstructsDataPumptosplittheworkupinto
multiplepartsandrunthemconcurrently.PARALLELcanvastlyimprovethe
performanceoftheexportprocess.

NETWORK_LINK:Thisparameterspecifiesadatabaselinkinthetargetdatabaseto
beusedfortheexport.Itallowsyoutoexportadatabasefromaremoteserver,
pullthedatadirectlythroughthenetworkviadatabaselink(inthetarget
database),andlandthefilesonanExadatafilesystem.Weseethisasmoreofa
conveniencethananythingelse,asitsavesyoutheextrastepoftransporting
thedumpfilesmanuallyattheendoftheexport.ItisusedbyGridControlto
automatethemigrationprocessusingthe“ImportFromDatabase”process.
Usingthismethodformanualmigrationdoesn’tmakemuchsense—ifyouare
goingtocopythedataoveradatabaselinkanyway,whynotloadittotarget
tablesdirectly,usingCTASordirect-pathinsert,insteadofdumpingittodisk
andreloadingbacklateron?

Nowlet’sturnourattentiontotheimportprocess.Schema-levelimportisusuallypreferablewhen
migratingdatabases.Itallowsyoutobreaktheprocessupintosmaller,moremanageableparts.Thisis
notalwaysthecase,andtherearetimeswhenafulldatabaseimportisthebetterchoice.Mostofthe
taskswewilltalkabouthereapplytobothschema-levelandfulldatabaseimports,Aswegoalong,we’ll
noteanyexceptionsyouwillneedtobeawareof.Ifyouchoosenottodoafulldatabaseimport,be
awarethatsystemobjectsincludingroles,publicsynonyms,profiles,publicdatabaselinks,system
privileges,andotherswillnotbeimported.YouwillneedtoextracttheDDLfortheseobjectsusingthe
SQLFILEparameterandaFULL=Yimport.YoucanthenexecutetheDDLintothetargetdatabasetocreate
them.Let’stakealookatsomeoftheparametersusefulformigratingdatabases.
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REMAP_SCHEMA:Asthenameimplies,thisparametertellsDataPumptochange
theownershipofobjectsfromoneschematoanotherduringthecourseofthe
import.Thisisparticularlyusefulforresolvingschemaconflictswhenmerging
multipledatabasesintooneExadatadatabase.

REMAP_DATAFILE:Datafilescanberenameddynamicallyduringtheimport
processusingthisparameter.ThisallowsASMtoautomaticallyorganizeand
namethedatafilesaccordingtoOracleManagedFiles(OMF)rules.

REMAP_TABLESPACE:Thisoptionchangesthetablespacenamereferencefor
segmentsfromonetablespacetoanother.Itisusefulwhenyouwantto
physicallyrelocatetablesfromonetablespacetoanotherduringtheimport.

SCHEMAS:Listofschemastoimport.

SQLFILE:Insteadofimportinganythingintothedatabase,Objectdefinitions
(DDL)arewrittentoanSQLscript.Thiscanbequiteusefulforpre-building
objectsifyouwanttomakechangestotheirphysicalstructure,suchas
partitioningorusingHCCcompression.

TABLE_EXISTS_ACTION:Theactiontotakeiftheimportedobjectalreadyexists.
ValidkeywordsareAPPEND,REPLACE,[SKIP],andTRUNCATE.

TABLES:Alistoftablestoimport.Forexample,TABLES=KSO.SKEW, RJOHNSON.TEST

TRANSFORM:Thisparameterallowsyoutomakechangestosegmentattributesin
object-creationDDLstatements,likestorageattributes.Thisprovidesa
convenientwaytooptimizeextentsizesfortableswhentheyarecreatedin
Exadata.

BeforeyoubeginimportingschemasintoyourExadatadatabase,beawarethatDataPumponly
createstablespacesautomaticallywhenafulldatabaseimportisdone.Soifyouareimportingatthe
schemaortablelevelyouwillneedtocreateyourtablespacesmanually.Todothis,generatetheDDLfor
tablespacesusingtheparametersFULL=yesandSQLFILE={your_sql_script}.Thisproducesascriptwith
theDDLforallobjectsinthedumpfile,(includingdatafiles).OnethingyoumaynoticeabouttheCREATE 
TABLESPACEDDListhatthedatafilefilenamesarefullyqualified.Thisisn’tatallwhatwewant,becauseit
circumventsOMFandcreateshard-codedfilenamesthatcannotbemanagedbythedatabase.The
REMAP_DATAFILEparameterallowsyoutorenameyourdatafilestoreflecttheASMdiskgroupsinyour
Exadatadatabase.Thesyntaxlookssomethinglikethis:

REMAP_DATAFILE='/u02/oradata/LAB112/example01.dbf':'+DATA' 

OnefinalnotebeforewemoveontoExport/Import.Charactersettranslationbetweenthesource
andtargetdatabasesisdoneautomaticallywithDataPump.Makesurethecharactersetofthesource
databaseisasubsetofthetargetdatabase,orsomethingmaybelostintranslation.Forexample,it’s
okayifyoursourcedatabaseisUS7ASCII(7bit)andthetargetdatabaseisWE8ISO8859P1(8bit).But
migratingbetweendifferent8-bitcharactersetsorgoingfrom8bitto7bitmaycausespecialcharacters
tobedropped.

Export and Import 

IfthedatabaseyouaremigratingtoExadataisareleasepriortoversion10g,DataPumpwon’tbean
option.Insteadyouwillneedtoworkwithitspredecessors,Export(exp)andImport(imp).
Export/Importfeatureshaven’tchangedmuchsinceOracle9.2,butifyouaremigratingfromaprevious
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release,youwillnoticethatsomefeaturesmaybemissing.Hopefullyyouaren’tstillsupporting8i
databases,orGodforbid7.x,butnottoworry.EventhoughsomeoptionslikeFLASHBACK_SCNand
PARALLELarenotoptionsintheseolderreleases,therearewaystoworkaroundthesemissingfeatures.

PARALLELisstrictlyaDataPumpfeaturebutyoucanstillparallelizedatabaseexportsbyrunning
concurrentschemaexports.Thisisamuchlessconvenientwayof“parallelizing”yourexportprocess.If
youhavetoparallelizeyourexportprocessinthiswayyouwillhavetodotheworkoffiguringoutwhich
schemas,groupedtogether,arefairlyequalinsizetominimizethetimeittakesforallofthemto
complete.

COMPRESSIONisanotherfeaturemissingfromExport.ThishasneverbeenmuchofanissueforDBAs
supportingUnix/Linuxplatforms.ThesesystemsprovidetheabilitytoredirecttheoutputfromExport
throughthecompressorgzipcommandsbymeansofanamedpipe,somethinglikethis(the$signisthe
shellprompt,ofcourse):

$ mkfifo exp.dmp 
 
$ ls -l exp.dmp 
prw-rw-r-- 1 rjohnson dba 0 Oct  2 15:17 exp.dmp 
 
$ cat exp.dmp | gzip -c > my_compressed_export.dmp.gz & 
 
$ exp system file=exp.dmp owner=rjohnson consistent=y compress=n statistics=none 
log=my_compressed_export.log 
 
$ ls -l my_compressed_export.* 
-rw-rw-r-- 1 rjohnson dba 3134148165 Oct  2 22:32 my_compressed_export.dmp.gz 
-rw-rw-r-- 1 rjohnson dba       1432 Oct  2 22:32 my_compressed_export.log 

TheREMAP_TABLESPACEparameterisnotavailableinExport/Import.Toworkaroundthisyouwill
havetogenerateaSQLfileusingtheINDEXFILEparameterwhichproducesaSQLscriptlikeDataPump’s
SQLFILEparameter.Youcanthenmodifytablespacereferencesandpre-createsegmentsinthenew
tablespaceasneeded.UsingtheIGNOREparameterwillallowImporttosimplyperformaninsertintothe
tablesyoumanuallycreatedaheadoftime.TheREMAP_SCHEMAparametertakesonaslightlydifferent
forminImport.Tochangethenameofaschemaduringimport,usetheFROMUSERandTOUSER
parameters.

ThereisonelimitationwithExport/Importthatcannotbeescaped.Importdoesnotsupport
ExadataHybridColumnarCompression(HCC).OurtestsshowthatwhenimportingdatausingImport,
thebesttablecompressionyoucanexpecttogetisaboutwhatyouwouldgetwithtablescompressedfor
OLTP(alsoknownin11gas“AdvancedCompression”).Itdoesn’tmatterifatableisconfiguredforany
oneofthefourHCCcompressionmodesavailableonExadata,(QueryLow/HighandArchive
Low/High).ThisisbecauseHCCcompressioncanonlyoccurifthedataisdirect-pathinserted,using
syntaxlikeinsert /*+ APPEND */,forexample.AccordingtheExadataUser’sGuide,“Conventional
insertsandupdatesaresupported,”but“resultinalesscompressedformat,andreducedcompression
ratio.”This“reducedcompressionratio”isactuallythesameastheOLTPcompressionprovidedbythe
AdvancedCompressionoption,whichHCCfallsbacktofornormalinserts.Bytheway,Importwillnot
complainorissueanywarningstothiseffect.Itwillsimplyimportthedataatamuchlowercompression
rate,silentlyeatingupfarmorestoragethanyouplannedorexpected.Thereisnothingyoucando
aboutitotherthanrebuildtheaffectedtablesaftertheimportiscomplete.Theimportantthingto
understandisthatyoucannotexploitExadata’sHCCcompressionusingExport/Import.

TheExport/ImportapproachalsodoesnotsupportTransparentDataEncryption(TDE).Ifyour
databaseusesTDEyouwillneedtouseDataPumptomigratethisdata.Ifyouareimportingatthe
schemalevel,systemobjectslikeroles,publicsynonyms,profiles,publicdatabaselinks,system
privileges,andotherswillnotbeimported.Systemobjectslikethesecanbeextractedbydoingafull
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databaseimportandwiththeINDEXFILEparametertoextracttheDDLtocreatetheseobjects.Thisstep
iswherethemostmistakesaremade.Itisatediousprocessandcarefulattentionmustbegivensothat
nothingfallsthroughthecracks.Fortunately,therearethird-partytoolsthatdoaverygoodjobof
comparingtwodatabasesandshowingyouwhereyou’vemissedsomething.Mostofthesetools,like
TOADandDBChangeManagerfromEmbarcadero,alsoprovideafeaturetosynchronizetheobject
definitionsacrosstothenewdatabase.

IfyouarestillthinkingaboutusingExport/Import,notethatasthedataloadingwithImportdoesn’t
usedirect-pathloadinserts,itwillhavemuchhigherCPUusageoverheadduetoundoandredo
generationandbuffercachemanagement.YouwouldalsohavetouseaproperBUFFERparameterfor
arrayinserts(you’llwanttoinsertthousandsofrowsatatime)anduseCOMMIT=Y(whichwillcommit
aftereverybufferinsert)soyouwouldn’tfilluptheundosegmentswithonehugeinserttransaction.

When to Use Data Pump or Export/Import 

DataPumpandExport/Importarevolume-sensitiveoperations.Thatis,thetimeittakestomoveyour
databasewillbedirectlytiedtoitssizeandthebandwidthofyournetwork.ForOLTPapplicationsthisis
downtime.Assuch,itisbettersuitedforsmallerOLTPdatabases.Itisalsowellsuitedformigratinglarge
DWdatabases,whereread-onlydataisseparatedfromread-writedata.Takealookatthedowntime
requirementsofyourapplicationandrunafewteststodeterminewhetherDataPumpisagoodfit.
AnotherbenefitofDataPumpandExport/Importisthattheyallowyoutocopyoveralltheobjectsin
yourapplicationschemaseasily,relievingyoufrommanuallyhavingtocopyoverPL/SQLpackages,
views,sequencedefinitions,andsoon.ItisnotunusualtouseExport/Importformigratingsmalltables
andallotherschemaobjects,whilethelargesttablesaremigratedusingadifferentmethod.

What to Watch Out for when Using Data Pump or Export/Import 

Character-setdifferencesbetweenthesourceandtargetdatabasesaresupported,butifyouare
convertingcharactersetsmakesurethecharactersetofthesourcedatabaseisasubsetofthetarget.If
youareimportingattheschemalevel,checktobesureyouarenotleavingbehindanysystemobjects,
likerolesandpublicsynonyms,ordatabaselinks.RememberthatHCCisonlysupportedinDataPump.
BesureyouusetheconsistencyparametersofExportorDataPumptoensurethatyourdataisexported
inaread-consistentmanner.Don’tforgettotakeintoaccounttheloadyouareputtingonthenetwork.

DataPumpandExport/Importmethodsalsorequireyoutohavesometemporarydiskspace(both
inthesourceandtargetserver)forholdingthedumpfiles.NotethatusingDataPump’stabledata
compressionoptionrequiresyoutohaveOracleAdvancedCompressionlicensesbothforthesource
andtargetdatabase(onlythemetadata_only compressionoptionisincludedintheEnterpriseEdition
license).

CopyingDataoveraDatabaseLink
Whenextractingandcopyingverylargeamountsofdata—manyterabytes—betweendatabases,
databaselinksmaybeyourbestoption.UnliketheDataPumpoption,withdatabaselinksyouwillread
yourdataonce(fromthesource),transferitimmediatelyoverthenetwork,andwriteitonce(intothe
targetdatabase).WithDataPump,Oraclewouldhavetoreadthedatafromsource,thenwriteittoa
dumpfile,andthenyou’lltransferthefilewithsomefile-transfertool(ordothenetworkcopyoperation
usingNFS),readthedumpfileinthetargetdatabase,andthenwriteitintothetargetdatabasetables.In
additiontoalltheextradiskI/Odoneforwritingandreadingthedumpfiles,youwouldneedextradisk
spaceforholdingthesedumpfilesduringthemigration.Nowyoumightsay“Holdon,DataPumpdoes
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havetheNETWORK_LINKoptionandtheabilitytotransferdatadirectlyoverdatabaselinks.”Yesthat’s
true,butunfortunatelywhenusingimpdpwithdatabaselinks,DataPumpperformsconventionalINSERT 
AS SELECTs,notdirectpathinserts.Andthismeansthattheinsertswillbemuchslower,generatelotsof
redoandundo,andpossiblyrunoutofundospace.Andmoreimportantly,conventionalpathIASdoes
notcompressdatawithHCCcompression(butresortstoregularOLTPcompressioninsteadifHCCis
enabledforthetable).SothismakestheDataPumpfile-lessimportoverdatabaselinksvirtuallyuseless
forloadinglotsofdataintoExadatafast.YouwouldhavetouseyourowndirectpathIASstatements
withAPPENDhintstogetthebenefitsofdirectpathloadsandmaximumperformanceoutoffile-less
transferoverdatabaselinks.

KevinSays:AddtothislistofpossibledumpfiletransfertechniquesthecapabilityknownasInjectingFileswith
DatabaseFileSystem(DBFS).TheDBFSclient(dbfs_client)hasbeenportedtoallLinuxandUnixplatformsand
canbeusedtocopyfilesintotheExadataDatabaseMachineeveniftheDBFSfilesystemisnotmountedonthe
hostsoftheExadataDatabaseMachinenoronthesendingsystem.Itisamount-freeapproach.Oracle
Documentationprovidesclearexamplesofhowtousethebuilt-incopycommandthatdbfs_clientsupports.The
dataflowsfromthedbfs_clientexecutableoverSQL*NetandisinserteddirectlyintoSecureFileLOBs.The
transferismuchmoreefficientthantheNFSprotocolandissecure.MostExadataDatabaseMachinedeployments
maintainDBFSfilesystems,sothereislessofaneedforlocaldiskcapacityusedasastagingarea.

Therearesomecaseswheremovingyourdatathroughdatabaselinksmaynotperformaswellas
theDataPumpapproach.Ifyouhaveaslownetworklinkbetweenthesourceandtarget(migrations
betweenremotedatacenters,perhaps)thenyoumaybenefitmorefromcompressingthedumpfiles,
whiledatabaselinksoverOracleNetwon’tdoasaggressivecompressionas,forexample,gzipcando.
OracleNet(SQL*Net)doessimplecompressionbyde-duplicatingcommoncolumnvalueswithinan
arrayofrowswhensentoverSQL*Net.ThisiswhythenumberofbytestransferredoverSQL*Netmay
showasmallervaluethanthetotalsizeofrawdata.

Transferringthedataofasingletableoveradatabaselinkisveryeasy.Inthetarget(Exadata)
databaseyou’llneedtocreateadatabaselinkpointingtothesourcedatabase,thenjustissueeithera
CTASorINSERT SELECTcommandoverthedatabaselink:

CREATE DATABASE LINK sourcedb  
    CONNECT TO source_user  
    IDENTIFIED BY source_password  
    USING 'tns_alias';  
 
CREATE TABLE fact AS SELECT * FROM fact@sourcedb; 

Thisexamplewillcreatethetablestructureandcopythedata,butitwon’tcreateanyotherobjects
suchasindexes,triggersorconstraintsforthetable.Theseobjectsmustbemanuallycreatedlater,either
byrunningtheDDLscriptsorbydoingametadata-onlyimportoftheschemaobjects.
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Note:Whencreatingthedatabaselink,youcanspecifythedatabaselink’sTNSconnectstringdirectly,witha
USINGclause,likethis:

CREATE DATABASE LINK ... USING '(DESCRIPTION = (ADDRESS = (PROTOCOL = TCP)(HO/ST = 

localhost)(PORT = 1521)) (CONNECT_DATA = (SERVER = DEDICATED) (SERVICE_NAME = ORA10G)))' 

Thatway,youdon’thavetosetuptnsnames.oraentriesinthedatabaseserver.

AnotheroptionistouseINSERT SELECTforloadingdataintoanexistingtablestructure.Wewantto
bypassthebuffercache,andtheundo-generation-and-redo-loggingmechanismforthisbulkdataload,
sowecanusetheAPPENDhinttomakethisadirectpathloadinsert:

INSERT /*+ APPEND */ INTO fact SELECT * FROM fact@sourcedb; 
 
COMMIT; 

We’reassumingherethatthedatabaseisinNOARCHIVELOGmodeduringthemigration,sowehaven’t
setanyloggingattributesforthetablebeingloaded.InNOARCHIVELOGmodeallbulkoperations(suchas
INSERT APPEND,indexREBUILDandALTER TABLE MOVE)areautomaticallyNOLOGGING.

IfyourdatabasemustbeinARCHIVELOGmodeduringsuchdataloading,butyoustillwanttoperform
theloadingofsometableswithoutlogging,thenyoucanjusttemporarilyturnoffloggingforthose
tablesforthedurationoftheload:

ALTER TABLE fact NOLOGGING; 
 
INSERT /*+ APPEND */ INTO fact SELECT * FROM fact@sourcedb; 
 
ALTER TABLE fact LOGGING; 

OfcourseifyourdatabaseortablespacecontainingthistableismarkedFORCE LOGGING,thenlogging
willstilloccur,despiteanytable-levelNOLOGGINGattributes.

Achieving High-Throughput CTAS or IAS over a Database Link 

Whilethepreviousexamplesaresimple,theymaynotgiveyoutheexpectedthroughput,especially
whenthesourcedatabaseserverisn’tinthesameLANasthetarget.Thedatabaselinksandthe
underlyingTCPprotocolmustbetunedforhighthroughputdatatransfer.Thedatatransferspeedis
limitedobviouslybyyournetworkingequipmentthroughputandisalsodependentonthenetwork
round-triptime(RTT)betweenthesourceandtargetdatabase.

Whenmovingtensofterabytesofdatainashorttime,youobviouslyneedalotofnetwork
throughputcapacity.Youmusthavesuchcapacityfromendtoend,fromyoursourcedatabasetothe
targetExadatacluster.Thismeansthatyoursourceservermustbeabletosenddataasfastasyour
Exadataclusterhastoreceiveit,andanynetworkingequipment(switches,routers)inbetweenmust
alsobeabletohandlethat,inadditiontoallothertrafficthathastoflowthroughthem.Dealingwith
corporatenetworktopologyandnetworkhardwareconfigurationisaverywidetopicandoutofthe
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scopeofthisbook,butwe’lltouchthesubjectofthenetworkhardwarebuiltintoExadatadatabase
servershere.

InadditiontotheInfiniBandports,Exadataclustersalsohavebuilt-inEthernetports.Table13-2
listsalltheEthernetandInfiniBandports.

Table 13-2. Exadata Ethernet and InfiniBand ports in each database server 

Exadata Version Hardware Ethernet Ports InfiniBand Ports 

V1 HP 2×1Gb/s 2×20Gb/sDDR

V2 Sun 4×1Gb/s 2×40Gb/sQDR

X2-2 Sun 4×1Gb/s
2×10Gb/s

2×40Gb/s

X2-8 Sun 8×1Gb/s
8×10Gb/s

8×40Gb/s

The database servers and cells each have one more administrative Ethernet port for server management 
(ILOM). 

Notethatthistableshowsthenumberofnetworkportsperdatabaseserver.So,whileExadataV2
doesnothaveany10GbEports,itstillhas4×1GbEportsperdatabaseserver.With8databaseserversin
afullrack,thiswouldaddupto32×1GbEports,givingyouamaximumtheoreticalthroughputof32
gigabitspersecondwhenusingonlyEthernetports.Withvariousoverheads,3gigabytespersecondof
transferspeedwouldtheoreticallystillbeachievableifyoumanagetoputallofthenetworkports
equallyintouseandtherearenootherbottlenecks.Thiswouldmeanthatyouhavetoeitherbondthe
networkinterfacesorroutethedatatransferofdifferentdatasetsviadifferentnetworkinterfaces.
Differentdblinks’connectionscanberoutedviadifferentIPsorDataPumpdumpfilestransferredvia
differentroutes.

Thisalreadysoundscomplicated,that’swhycompaniesmigratingtoExadataoftenusedthehigh-
throughputbondedInfiniBandlinksformigratinglargedatasetswithlowdowntime.Unfortunately,the
existingdatabasenetworkinginfrastructureinmostcompaniesdoesnotincludeInfiniBand(inoldbig
ironservers).Thestandardusuallyisanumberofswitchedandbonded1GbEEthernetportsor10GbE
portsinsomecases.That’swhy,forExadataV1/V2migrations,youwouldhavehadtoeitherinstallan
InfiniBandcardintoyoursourceserveroruseaswitchcapableofbothhandlingthesourceEthernet
trafficandflowingitontothetargetExadataInfiniBandnetwork.

LuckilythenewExadataX2-2andX2-8releasesbothhave10GbEportsincludedinthem,soyou
don’tneedtogothroughthehassleofgettingyouroldserversInfiniBand-enabledanymoreandcan
resortto10GbEconnections(ifyouroldserversornetworkswitcheshave10GbEEthernetcardsin
place).Probablybythetimethisbookcomesout,nobodyplanslarge-scalemigrationstoExadataV1and
V2anymore.
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Note:Rememberthatifyoudonothavehugedatatransferrequirementswithinaverylowdowntimewindow,
thentheissuesdescribedheremaynotbeproblemsforyouatall.Youwouldwanttopicktheeasiestand
simplestdatatransfermethodthatgetsthejobdonewithintherequiredtimewindow.It’simportanttoknowthe
amountofdatatobetransferredinadvanceandtesttheactualtransferspeedsinadvancetoseewhetheryou
wouldfitintotheplanneddowntime.Ifyourdblinktransferordumpfilecopyoperationistooslow,thenyoucan
usefreetoolslikeiPerf(http://iperf.sourceforge.net)totestoutyournetworkthroughputbetweensource
andtargetservers.IfthedblinksordatapumpdumpfiletransferissignificantlyworsethaniPerf’sresults,there
mustbeaconfigurationbottlenecksomewhere.

Thisleadsustosoftwareconfigurationtopicsforhighnetworkthroughputfordatabasemigrations.
Thischapterdoesnotaimtobeanetworktuningreference,butwewouldliketoexplainsome
challengeswe’veseen.GettingtheOracledatabaselinksthroughputrightinvolveschangingmultiple
settingsandrequiresmanualparallelization.Hopefullythissectionwillhelpyouavoidreinventingthe
wheelwhendealingwithhugedatasetsandlowdowntimerequirements.

Inadditiontotheneedforsufficientthroughputcapacityatthenetworkhardwarelevel,thereare
threemajorsoftwareconfigurationsettingsthataffectOracle’sdatatransferspeed:

• Fetcharraysize(arraysize)

• TCPsendandreceivebuffersizes

• OracleNetSessionDataUnit(SDU)size

Withregularapplicationconnections,thefetcharraysizehastobesettoahighvalue,rangingfrom
hundredstothousands,ifyouaretransferringlotsofrows.Otherwise,ifOraclesendstoofewrowsoutat
atime,mostofthetransfertimemayendupbeingspentwaitingforSQL*Netpacketping-pongbetween
theclientandserver.

However,withdatabaselinks,Oracleissmartenoughtoautomaticallysetthefetcharraysizetothe
maximum—ittransfers32767rowsatatime.So,wedon’tneedtotuneitourselves.

Tuning TCP Buffer Sizes 

TheTCPsendandreceivebuffersizesareconfiguredattheoperating-systemlevel,soeveryO/Shas
differentsettingsforit.Inordertoachievehigherthroughput,theTCPbuffersizeshavetobeincreased
inbothendsoftheconnection.We’llcoveraLinuxandSolarisexamplehere;readyourO/Snetworking
documentationifyouneedtodothisonotherplatforms.WeoftenusethePittsburghSupercomputing
Center’s“EnablingHighPerformanceDataTransfers”pageforreference
(http://www.psc.edu/networking/projects/tcptune/).First,you’llneedtodeterminethemaximum
buffersizeTCP(perconnection)inyoursystem.

OntheExadataservers,justkeepthesettingsforTCPbuffersizesastheyweresetduringstandard
Exadatainstall.OnExadatatheTCPstackhasalreadybeenchangedfromgenericLinuxdefaults.Donot
configureExadataserverssettingsbasedongenericdatabasedocumentation(suchasthe“Oracle
DatabaseQuickInstallationGuideforLinux”).

http://iperf.sourceforge.net
http://www.psc.edu/networking/projects/tcptune/
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However,onthesourcesystem,whichisabouttosendlargeamountsofdata,thedefaultTCPbuffer
sizesmaybecomeabottleneck.Youshouldaddtheselinesto/etc/sysctl.confifthey’renotthere
already:

net.core.rmem_default = 262144 
net.core.rmem_max = 1048576 
net.core.wmem_default = 262144 
net.core.wmem_max = 4194304 

Thenissueasysctl –pcommandtoapplythesevaluesintotherunningkernel.
ThemaximumreadandwritebuffersizesperTCPconnectionwillbesetto1MBand4MB

respectively,butthedefaultstartingvalueforbuffersis256kBforeach.Linuxkernels2.4.27(andhigher)
and2.6.17(andhigher)canautomaticallytunetheactualbuffersizesfromdefaultvaluesuptoallowed
maximumsduringruntime.Iftheseparametersarenotset,Linuxkernel(2.6.18)defaultsto128kBbuffer
sizes,whichmaybecomeabottleneckwhentransferringlargeamountsofdata.Thewritebufferhas
beenconfiguredbiggerasthesourcedatawouldbesending(writing)thelargeamountsofdata,the
amountofdatareceivedwillbemuchsmaller.

Theoptimalbuffersizesaredependentonyournetworkroundtriptime(RTT)andthenetworklink
maximumthroughput(ordesiredthroughput,whicheverislower).Theoptimalbuffersizevaluecanbe
calculatedusingtheBandwidth*Delayproduct(BDP)formula,alsoexplainedinthe“EnablingHigh
PerformanceDataTransfers”documentmentionedearlierinthissection.Notethatchangingthekernel
parametersshownearliermeansaglobalchangewithintheserver,andifyourdatabaseserverhasalot
ofprocessesrunning,thememoryusagemayrisethankstotheincreasedbuffersizes.Soyoumightnot
wanttoincreasetheseparametersuntiltheactualmigrationhappens.

Here’sanexamplefromanotherO/Stype.OnSolaris8andnewerversions,thedefaultsendand
receivebuffersizeis48KB.ThiswouldresultinevenpoorerthroughputcomparedtoLinux’sdefault
128KB.OnSolarisyoucancheckthemaxbuffersizeandmaxTCPcongestionwindowwiththefollowing
commands:

$ ndd /dev/tcp tcp_max_buf  
1048576 
$ ndd /dev/tcp tcp_cwnd_max 
1048576 

Thisoutputshowsthatthemaximum(sendorreceive)buffersizeintheSolarisO/Sis1MB.This
canbechangedwiththendd –setcommand,butyou’llneedrootprivilegesforthat:

# ndd - set/dev/tcp tcp_max_buf 4194304 
# ndd - set/dev/tcp tcp_cwnd_max 4194304 

This,howeverjustsetsthemaximumTCPbuffersizes(andtheTCPcongestionwindow)per
connection,butnotthedefaultbuffersizes,whichanewconnectionwouldactuallyget.Thedefault
buffersizescanbereadthisway:

$ ndd /dev/tcp tcp_xmit_hiwat 
49152 
$ ndd /dev/tcp tcp_recv_hiwat 
49152 

Boththedefaultsendbuffer(xmitmeanstransmit)andreceivebuffersizesare48KB.Tochange
thesedefaultsto4MBeach,wewouldrunthesecommands:

# ndd -set /dev/tcp tcp_recv_hiwat 4194304 
# ndd -set /dev/tcp tcp_xmit_hiwat 4194304 
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Notethatthesesettingsarenotpersistent,theywillbelostafterareboot.Ifyouwanttopersistthese
settings,youshouldaddastartupscriptintorc3.d(orsomerc.localequivalent),whichwouldre-runthe
previouscommands.Anotheroptionwouldbetoputthesevaluesto/etc/system,butstartingfrom
Solaris10theuseoftheglobal/etc/systemsettingsisnotencouraged.Yetanotherapproachwouldbeto
putthevaluesintoaSolarisServiceManagementFramework(SMF)manifestfile,butthatisoutofthe
scopeofthisbook.

Ifthesourceserverisstillgoingtobeactivelyinuse(inproduction)duringthedatatransfer,then
thinktwicebeforeincreasingthedefaultbuffersizesglobally.Whileyoucouldpotentiallymakethebulk
datatransfermuchfasterforeverybodywithlargerbuffersizes,yourservermemoryusagewouldalso
grow(TCPbuffersliveinkernelmemory)andyoucouldrunintomemoryshortageissues.

Thisiswhereamoresophisticatedwayforchangingbuffersizesbecomesveryuseful.Solarisallows
youtosetthedefaultsendandreceivebuffersizesatroutelevel.So,assumingthatthetargetserverisin
adifferentsubnetfrommostotherproductionservers,youcanconfigurethebuffersizesforaspecific
routeonly.

Let’scheckthecurrentroutesfirst:

# netstat -rn  
Routing Table: IPv4 
  Destination           Gateway           Flags  Ref     Use     Interface  
-------------------- -------------------- ----- ----- ---------- ---------  
default              192.168.77.2         UG        1          0 e1000g0    
default              172.16.191.1         UG        1          1            
172.16.0.0           172.16.191.51        U         1          2 e1000g1    
192.168.77.0         192.168.77.128       U         1          3 e1000g0    
224.0.0.0            192.168.77.128       U         1          0 e1000g0    
127.0.0.1            127.0.0.1            UH        1         82 lo0        

Let’sassumethatthatthetargetExadataserverusessubnet192.168.77.0,andoneoftheservershas
IP192.168.77.123.Youcanusetheroute getcommandintheSolarismachinetoseeifthereareany
existingroute-specificsettings:

# route get 192.168.77.123 
   route to: 192.168.77.123 
destination: 192.168.77.0 
       mask: 255.255.255.0 
  interface: e1000g0 
      flags: <UP,DONE> 
 recvpipe  sendpipe  ssthresh    rtt,ms rttvar,ms  hopcount      mtu     expire 
       0         0         0         0         0         0      1500         0  

Therecvpipeandsendpipevaluesarezero;theyusewhateveraretheO/Ssystem-widedefaults.
Let’schangetheroutesettingsnowandcheckthesettingswithroute getagain:

# route change -net 192.168.77.0 -recvpipe 4194304 -sendpipe 4194304 
change net 192.168.77.0 
# route get 192.168.77.123 
   route to: 192.168.77.123 
destination: 192.168.77.0 
       mask: 255.255.255.0 
  interface: e1000g0 
      flags: <UP,DONE> 
 recvpipe  sendpipe  ssthresh    rtt,ms rttvar,ms  hopcount      mtu     expire 
 4194304   4194304         0         0         0         0      1500         0 
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Nowallconnectionsbetweenthesourceserverandthatsubnetwouldrequestbothsendand
receivesocketbuffersize4MB,butconnectionsusingotherrouteswouldcontinueusingdefaultvalues.

Notethatthisroutechangesettingisn’tpersistentacrossreboots,soyouwouldneedtogetthe
sysadmintoaddthiscommandinaSolaris(orSMFservice)startupfile.

BeforeyouchangeanyofthesesocketbuffersettingattheO/Slevel,there’ssomegoodnewsifyour
sourcedatabaseisOracle10gornewer.StartingfromOracle10g,itispossibletomakeOraclerequesta
custombuffersizeitself(uptothetcp_max_buflimit)whenanewprocessisstarted.Youcandothisby
changingthelistener.oraontheserverside(sourcedatabase)andtnsnames.ora(ortherawTNS
connectstringindatabaselinkdefinition)inthetargetdatabaseside.Thetargetdatabaseactsasthe
clientinthedatabaselinkconnectionpointingfromtargettosource.Thisiswelldocumentedinthe
OptimizingPerformancesectionoftheOracle Database Net Services Administrator’s Guide,section
“ConfiguringI/OBufferSize.”

Additionally,youcanreducethenumberofsyscallsOracleusesforsendingnetworkdata,by
increasingtheOracleNetSessionDataUnit(SDU)size.Thisrequireseitherachangeinlistener.oraor
settingthedefaultSDUsizeinserver-sidesqlnet.ora.ReadtheOracledocumentationformoredetails.
HereisthesimplestwaytoenablehigherSDUandnetworkbufferinOracleversions10gandnewer.

Addthefollowinglinetothesourcedatabase’ssqlnet.ora:

DEFAULT_SDU_SIZE=32767 

Makesurethesourcedatabase’slistener.oracontainsstatementslikethefollowingexample:

LISTENER = 
  (DESCRIPTION_LIST = 
    (DESCRIPTION = 
      (ADDRESS = (PROTOCOL = IPC)(KEY = EXTPROC1521)) 
      (ADDRESS =  
        (PROTOCOL = TCP) 
        (HO/ST = solaris01)  
        (PORT = 1521) 
        (SEND_BUF_SIZE=4194304) 
        (RECV_BUF_SIZE=1048576) 
      ) 
    ) 
  ) 

ThetargetExadataserver’stnsnames.orawouldthenlooklikethisexample:

SOL102 = 
  (DESCRIPTION = 
    (SDU=32767) 
    (ADDRESS =  
      (PROTOCOL = TCP) 
      (HO/ST = solaris01) 
      (PORT = 1521) 
      (SEND_BUF_SIZE=1048576) 
      (RECV_BUF_SIZE=4194304) 
    ) 
    (CONNECT_DATA = 
      (SERVER = DEDICATED) 
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      (SERVICE_NAME = SOL102) 
    ) 
  ) 

Withthesesettings,whenthedatabaselinkconnectionisinitiatedinthetarget(Exadata)database,
thetnsnames.oraconnectionstringadditionswillmakethetargetOracledatabaserequestalargerTCP
buffersizeforitsconnection.ThankstotheSDUsettinginthetargetdatabase’stnsnames.oraandthe
sourcedatabase’ssqlnet.ora,thetargetdatabasewillnegotiatethemaximumSDUsizepossible—32767
bytes.

Note:IfyouhavedoneSQL*NetperformancetuninginoldOracleversions,youmayrememberanother
SQL*Netparameter:TDU(TransmissionDataUnitsize).Thisparameterisobsoleteandisignoredstartingwith
OracleNet8(Oracle8.0).

Itispossibletoaskfordifferentsizesforsendandreceivebuffers.Thisisbecauseduringthedata
transferthebulkofdatawillmovefromsourcetotargetdirection.Onlysomeacknowledgementand
“fetchmore”packetsaresentintheotherdirection.That’swhywe’veconfiguredthesendbufferlarger
inthesourcedatabase(listener.ora)asthesourcewilldomostlysending.Onthetargetside
(tnsnames.ora),we’veconfiguredthereceivebufferlargerasthetargetdatabasewilldomostlyreceiving.
NotethatthesebuffersizesarestilllimitedbytheO/S-levelmaximumbuffersizesettings
(net.core.rmem_max andnet.core.wmem_maxparametersin/etc/sysctl.confinLinuxandtcp_max_buf
kernelsettinginSolaris).

Parallelizing Data Load 

Ifyouchoosetheextract-loadapproachforyourmigration,there’sonemorebottlenecktoovercomein
caseyouplantouseExadataHybridColumnarCompression(EHCC).YouprobablywanttouseEHCC
tosavethestoragespaceandalsogetbetterdatascanningperformance(compresseddatameansfewer
bytestoreadfromdisk).Notethatfasterscanningmaynotmakeyourqueriessignificantlyfasterifmost
ofyourqueryexecutiontimeisspentinoperationsotherthandataaccess,likesorting,grouping,joining
andanyexpensivefunctionscalledeitherintheSELECTlistorfilterconditions.However,EHCC
compressionrequiresmanymoreCPUcyclesthantheclassicblock-levelde-duplication,asthefinal
compressioninEHCCisperformedwithheavyalgorithms(LZO,ZLiborBZip,dependingonthe
compressionlevel).Also,whiledecompressioncanhappeneitherinthestoragecellordatabaselayer,
thecompressionofdatacanhappenonlyinthedatabaselayer.So,ifyouloadlotsofdataintoaEHCC-
compressedtableusingasinglesession,youwillbebottleneckedbythesingleCPUyou’reusing.
Thereforeyou’llneedtoparallelizethedataloadtotakeadvantageofallthedatabaselayer’sCPUstoget
thedataloaddonefaster.

Soundssimple—we’lljustaddaPARALLELflagtothetargettableoraPARALLELhintintothequery,
andweshouldbeallset,right?Unfortunatelythingsaremorecomplexthanthat.Thereareacoupleof
issuestosolve;oneofthemiseasy,buttheotheronerequiressomeeffort.



CHAPTER13MIGRATINGTOEXADATA

436

Issue1—MakingSuretheDataLoadIsPerformedinParallel

TheproblemhereisthatwhileparallelQueryandDDLareenabledbydefaultforanysession,the
parallelDMLisnot.Therefore,parallelCTASstatementswillruninparallelfromendtoend,butthe
loadingpartofparallelIASstatementswillbedoneinserial!Thequerypart(SELECT)willbeperformedin
parallel,astheslavespassthedatatothesingleQueryCoordinatorandtheQCisthesingleprocess,
whichisdoingthedataloading(includingtheCPU-intensivecompression).

Thisproblemissimpletofix,though;you’lljustneedtoenableparallelDMLinyoursession.Let’s
checktheparallelexecutionflagsinoursessionfirst:

SQL> SELECT pq_status, pdml_status, pddl_status, pdml_enabled  
  2> FROM v$session WHERE sid = SYS_CONTEXT('userenv','sid'); 
 
PQ_STATUS PDML_STATUS PDDL_STATUS PDML_ENABLED 
--------- ----------- ----------- --------------- 
ENABLED   DISABLED    ENABLED     NO 

TheparallelDMLisdisabledinthecurrentsession.ThePDML_ENABLEDcolumnisthereforbackward
compatibility.Let’senablePDML:

SQL> ALTER SESSION ENABLE PARALLEL DML; 
 
Session altered. 
 
SQL> SELECT pq_status, pdml_status, pddl_status, pdml_enabled  
  2> FROM v$session WHERE sid = SYS_CONTEXT('userenv','sid'); 
 
PQ_STATUS PDML_STATUS PDDL_STATUS PDML_ENABLED 
--------- ----------- ----------- --------------- 
ENABLED   ENABLED     ENABLED     YES 

AfterenablingparallelDML,theINSERT AS SELECTsareabletouseparallelslavesfortheloading
partoftheIASstatements.

Here’soneimportantthingtowatchoutfor,regardingparallelinserts.Inthenextexamplewehave
startedanewsession(thusthePDMLisdisabledinit),andwe’reissuingaparallelinsertstatement.We
haveaddeda“statement-level”PARALLELhintintobothinsertandqueryblocks,andtheexplained
executionplanoutput(theDBMS_XPLANpackage)showsusthatparallelismisused.However,this
executionplanwouldbeveryslowloadingintoacompressedtable,astheparallelismisenabledonlyfor
thequery(SELECT)part,notthedataloadingpart!

Payattentiontowheretheactualdataloadinghappens—intheLOAD AS SELECToperatorinthe
executionplantree.ThisLOAD AS SELECT,however,residesabovethePX COORDINATORrowsource(thisis
therowsourcethatcanpullrowsandotherinformationfromslavesintoQC).Also,inline3youseethe
P->Soperator,whichmeansthatanyrowspasseduptheexecutionplantreefromline3arereceivedby
aserialprocess(QC).
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SQL> INSERT /*+ APPEND PARALLEL(16) */ INTO t2 SELECT /*+ PARALLEL(16) */ * FROM t1 
 
--------------------------------------------------------------------------------------- 
| Id  | Operation                     | Name     | Rows  |    TQ  |IN-OUT| PQ Distrib | 
--------------------------------------------------------------------------------------- 
|   0 | INSERT STATEMENT              |          |  8000K|        |      |            | 
|   1 |  LOAD AS SELECT               | T2       |       |        |      |            | 
|   2 |   PX COORDINATOR              |          |       |        |      |            | 
|   3 |    PX SEND QC (RANDOM)        | :TQ10000 |  8000K|  Q1,00 | P->S | QC (RAND)  | 
|   4 |     PX BLOCK ITERATOR         |          |  8000K|  Q1,00 | PCWC |            | 
|   5 |      TABLE ACCESS STORAGE FULL| T1       |  8000K|  Q1,00 | PCWP |            | 
--------------------------------------------------------------------------------------- 
 
Note 
----- 
   - Degree of Parallelism is 16 because of hint 
 
16 rows selected. 

Themessage“DegreeofParallelismis16becauseofhint”meansthatarequestforrunningsome
partofthequerywithparalleldegree16wasunderstoodbyOracleandthisdegreewasusedinCBO
calculations,whenoptimizingtheexecutionplan.However,asexplainedabove,thisdoesn’tmeanthat
thisparallelismwasusedthroughoutthewholeexecutionplan.It’simportanttocheckwhetherthe
actualdataloadingwork(LOAD AS SELECT)isdonebythesingleQCorbyPXslaves.

Let’sseewhathappenswhenweenableparallelDML:

SQL> ALTER SESSION ENABLE PARALLEL DML; 
 
Session altered. 
 
SQL> INSERT /*+ APPEND PARALLEL(16) */ INTO t2 SELECT /*+ PARALLEL(16) */ * FROM t1 
 
--------------------------------------------------------------------------------------- 
| Id  | Operation                     | Name     | Rows  |    TQ  |IN-OUT| PQ Distrib | 
--------------------------------------------------------------------------------------- 
|   0 | INSERT STATEMENT              |          |  8000K|        |      |            | 
|   1 |  PX COORDINATOR               |          |       |        |      |            | 
|   2 |   PX SEND QC (RANDOM)         | :TQ10000 |  8000K|  Q1,00 | P->S | QC (RAND)  | 
|   3 |    LOAD AS SELECT             | T2       |       |  Q1,00 | PCWP |            | 
|   4 |     PX BLOCK ITERATOR         |          |  8000K|  Q1,00 | PCWC |            | 
|   5 |      TABLE ACCESS STORAGE FULL| T1       |  8000K|  Q1,00 | PCWP |            | 
--------------------------------------------------------------------------------------- 
 
Note 
----- 
   - Degree of Parallelism is 16 because of hint 

Now,comparethisplantothepreviousone.Theyaredifferent.InthiscasetheLOAD AS SELECT
operatorhasmoveddowntheexecutionplantree,it’snotaparentofPX COORDINATORanymore.Howyou
canreadthissimpleexecutionplanisthattheTABLE ACCESS STORAGE FULLsendsrowstoPX BLOCK 
ITERATOR(whichistherow-sourcewhoactuallycallstheTABLE ACCESSandpassesitthenextrangeof
datablockstoread).PXBLOCKITERATORthensendsrowsbacktoLOAD AS SELECT,whichthen
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immediatelyloadstherowstotheinsertedtable,withoutpassingthemtoQCatall.AlltheSELECTand
LOADworkisdonewithinthesameslave,there’snointerprocesscommunicationneeded.Howdowe
knowthat?ItisbecausetheIN-OUTcolumnsaysPCWP(Paralleloperation,CombinedWithParent)for
bothoperations,andtheTQvalueforbothoftheoperationsisthesame(Q1,00).Thisindicatesthat
parallelexecutionslavesdoperformallthesesteps,underthesameTableQueuenode,withoutpassing
thedataaroundbetweenslavesets.

Theproperexecutionplanwhenreadingdatafromadatabaselinklookslikethis:

SQL> INSERT /*+ APPEND PARALLEL(16) */ INTO tmp  
  2> SELECT /*+ PARALLEL(16) */ * FROM dba_source@srcdb 
 
----------------------------------------------------------------------------------- 
| Id  | Operation               | Name       | Rows  | TQ/Ins |IN-OUT| PQ Distrib | 
----------------------------------------------------------------------------------- 
|   0 | INSERT STATEMENT        |            |   211K|        |      |            | 
|   1 |  PX COORDINATOR         |            |       |        |      |            | 
|   2 |   PX SEND QC (RANDOM)   | :TQ10001   |   211K|  Q1,01 | P->S | QC (RAND)  | 
|   3 |    LOAD AS SELECT       | TMP        |       |  Q1,01 | PCWP |            | 
|   4 |     PX RECEIVE          |            |   211K|  Q1,01 | PCWP |            | 
|   5 |      PX SEND ROUND-ROBIN| :TQ10000   |   211K|        | S->P | RND-ROBIN  | 
|   6 |       REMOTE            | DBA_SOURCE |   211K|  SRCDB | R->S |            | 
----------------------------------------------------------------------------------- 
 
Remote SQL Information (identified by operation id): 
---------------------------------------------------- 
 
   6 - SELECT /*+ OPAQUE_TRANSFORM SHARED (16) SHARED (16) */ 
           "OWNER","NAME","TYPE","LINE","TEXT"  
       FROM "DBA_SOURCE" "DBA_SOURCE" (accessing 'SRCDB' ) 
 
Note 
----- 
Degree of Parallelism is 16 because of hint 

Inthisexample,becauseweenabledparallelDMLatthesessionlevel,thedataloadingisdonein
parallel;theLOAD AS SELECTisaparalleloperation(theIN-OUTcolumnshowsPCWP)executedwithinPX
slavesandnottheQC.

NotethatDBMS_XPLANshowstheSQLstatementforsendingtotheremoteserveroverthedatabase
link(intheRemoteSQLInformationsectionabove).InsteadofsendingPARALLELhintstotheremote
server,anundocumentedSHAREDhintissent,whichisanaliasofthePARALLELhint.

Thiswastheeasierissuetofix.Ifyourdatavolumesarereallybig,thenthereisanotherproblemto
solvewithdatabaselinks,andit’sexplainedbelow.

Issue2—AchievingFullyParallelNetworkDataTransfer

Anotherissuewithdatabaselinksandparallelexecutionisthatevenifyoumanagetorunparallel
executiononbothendsofthelink,itisthequerycoordinatorsthatactuallyopenthedatabaselinkand
dothenetworktransfer.ThePXslavesdon’tsomehowmagicallyopentheirowndatabaselink
connectionstotheotherdatabase,alltrafficflowsthroughthesinglequerycoordinatorofaquery.So
youcanrunyourCTAS/IASstatementwithhundredsofPXslaves—butyou’llstillhaveonlyasingle
databaselinkconnectiondoingnetworktransfer.Whileyoucanoptimizethenetworkthroughputby
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increasingtheTCPbufferandSDUsizes,there’sstillalimitofhowmuchdatatheQCprocess(ona
singleCPU)isabletoingest.

Figure13-1illustrateshowthedataflowsthroughasinglequerycoordinatorsdespitealltheparallel
execution.
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Figure 13-1. Data flow is single-threaded through query coordinators. 

InadditiontothesingleQCdatabaselinkbottleneck,sendingdata(messages)betweentheQCand
PXslavestakessomeextraCPUtime.Thisiswherefine-tuningtheparallel_execution_message_size
parameterhashelpedalittleinthepast,butstartingfromOracle11.2itsvaluedefaultsto16KBanyway,
sothereprobablywon’tbeanysignificantbenefitinadjustingthisfurther.Andifyouaredoingparallel
dataloadsacrossmultiplenodesinaRACinstance,therewillstillbeasingleQCperquerywithasingle
networkconnection.So,ifQCrunsinnode1andtheparallelslavesinnode2,theQCwillhavetosend
thedataitfetchesacrossthedblinktothePXslavesovertheRACinterconnectasPXmessages.

Soifyouchoosetousedatabaselinkswithparallelslaves,youshouldrunmultiple separate queries
indifferentinstancesandforcethePXslavestobeinthesameinstanceastheQC,usingthefollowing
command:

SQL> ALTER SESSION SET parallel_force_local = TRUE; 
 
Session altered. 

ThatwayyouwillavoidatleasttheRACinter-instancetrafficandremotemessagingCPUoverhead,
buttheQCtoPXslaveintra-instancemessaging(rowdistribution)overheadstillremainshere.

Now,despitealltheseoptimizationsandmigratingdifferentlargetablesusingparallelqueriesin
differentinstances,youmaystillfindthatasingledatabaselink(andquerycoordinator)doesnot
provideenoughthroughputtomigratethelargestfacttablesofyourdatabasewithinyourdowntime.As
statedearlier,thedatabaselinksapproachisbestusedforthefewhugetablesinyourdatabase,andall
therestcanbeexported/importedwithDataPump.Perhapsyouonlyhavecoupleofhugefacttables,
butifyouhaveeightRACinstancesinthefullrackExadatacluster,howcouldyoumakealltheinstances
transferandloaddataefficiently?Youwouldwanttohaveatleastoneparallelquerywithitsquery
coordinatoranddatabaselinkperinstanceandlikelymultiplesuchqueriesifasingleQCprocesscan’t
pullanddistributedatafastenough.

Theobvioussolutionhereistotakeadvantageofpartitioning,asyourlargemulti-terabytetables
arelikelypartitionedinthesourcedatabaseanyway.Soyoucancopythehugetableinmultipleseparate
parts.Howeverthereareacoupleofproblemsassociatedwiththisapproach.

Thefirstissueisthatwhenperformingtheusualdirectpathloadinsert(whichisneededforHybrid
ColumnarCompressionandforNOLOGGINGloads),yoursessionwouldlockthetableitinsertsinto
exclusivelyforitself.Nobodyelsecanmodifynorinsertintothattablewhilethereisanuncommitted
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directpathloadtransactionactiveagainstthattable.Notethatotherscanstillreadthattable,asSELECT
statementsdon’ttakeenqueuelocksontablestheyselectfrom.

So,howtoworkaroundthisconcurrencyissue?LuckilyOracleINSERTsyntaxallowsyoutospecify
theexactpartitionorsubpartitionwhereyouwanttoinsert,byitsname:

INSERT /*+ APPEND */  
INTO  
    fact PARTITION ( Y20080101 )  
SELECT  
    *  
FROM  
    fact@sourcedb  
WHERE  
    order_date >= TO_DATE('20080101 ', 'YYYYMMDD ')  
AND order_date  < TO_DATE('20080102', 'YYYYMMDD ') 

Withthissyntax,thedirect-pathinsertstatementwouldlockonlythespecifiedpartition,andother
sessionscouldfreelyinsertintootherpartitionsofthesametable.Oraclewouldstillperformpartition
keychecking,toensurethatdatawouldn’tbeloadedintowrongpartitions.Ifyouattempttoinsertan
invalidpartitionkeyvalueintoapartition,Oraclereturnstheerrormessage:

ORA-14401: inserted partition key is outside specified partition. 

NotethatwedidnotusethePARTITION ( partition_name )syntaxintheSELECTpartofthequery.
Theproblemhereisthatthequerygenerator(unparser),whichcomposestheSQLstatementtobesent
overthedatabaselink,doesnotsupportthePARTITIONsyntax.Ifyoutryit,youwillgetanerror:

ORA-14100: partition extended table name cannot refer to a remote object. 

That’swhywearerelyingonthepartition pruningonthesourcedatabaseside—wejustwritethe
filterpredicatesintheWHEREconditionsothatonlythedatainthepartitionofinterestwouldbe
returned.Intheexamplejustshown,thesourcetableisrange-partitionedbyorder_datecolumn;and
thankstotheWHEREclausepassedtothesourcedatabase,thepartitionpruningoptimizationinthat
databasewillonlyscanthroughtherequiredpartitionandnotthewholetable.

NotethatwearenotusingtheBETWEENclauseinthisexample,asitincludesbothvaluesintherange
specifiedintheWHEREclause,whereasOraclePartitioningoption’s“valueslessthan”clauseexcludesthe
valuespecifiedinDDLfromthepartition’svaluerange.

Itisalsopossibletousesubpartition-scopeinsertsyntax,toloadintoasinglesubpartition(thus
lockingonlyasinglesubpartitionattime).Thisisusefulwhenevenasinglepartitionofdataistoolarge
tobeloadedfastenoughviaasingleprocess/databaselink,allowingyoutosplityourdataintoeven
smallerpieces:

INSERT /*+ APPEND */  
INTO  
    fact SUBPARTITION ( Y20080101_SP01 )  
SELECT  
    *  
FROM  
    fact@sourcedb  
WHERE  
    order_date >= TO_DATE('20080101 ', 'YYYYMMDD ') 
AND order_date  < TO_DATE('20080102', 'YYYYMMDD ') 
AND ORA_HASH(customer_id, 63, 0) + 1 = 1 
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Inthisexamplethesourcetableisstillrange-partitionedbyorder_date,butitishashpartitionedto
64subpartitions.Asit’snotpossibletosendtheSUBPARTITIONclausethroughthedatabaselink,either,
wehaveusedtheORA_HASHfunctiontofetchonlytherowsbelongingtothefirsthashsubpartitionof64
totalsubpartitions.TheORA_HASH SQLfunctionusesthesamekgghash()functioninternally,whichis
usedfordistributingrowstohashpartitionsandsubpartitions.Ifwehad128subpartitions,wewould
changethe63intheSQLsyntaxto127 (n – 1).

Aswewouldneedtotransferallthesubpartitions,wewouldcopyothersubpartitionsinparallel,
dependingontheserverloadofcourse,byrunningslightvariationsoftheabovequeryandchanging
onlythetargetsubpartitionnameandtheORA_HASHoutputtocorrespondingsubpartitionposition.

INSERT /*+ APPEND */  
INTO  
    fact SUBPARTITION ( Y20080101_SP02 )  
SELECT 
    * 
FROM  
    fact@sourcedb  
WHERE  
    order_date >= TO_DATE('20080101 ', 'YYYYMMDD ')  
AND order_date  < TO_DATE('20080102', 'YYYYMMDD ') 
AND ORA_HASH(customer_id, 63, 0) + 1 = 2 

Andsoyou’llneedtorunatotalof64versionsofthisscript:

... INTO fact SUBPARTITION ( Y20080101_SP03 )  ... WHERE ORA_HASH(customer_id, 63, 0) + 1 = 3  

... 

... INTO fact SUBPARTITION ( Y20080101_SP04 )  ... WHERE ORA_HASH(customer_id, 63, 0) + 1 = 4  

... 

... 

... INTO fact SUBPARTITION ( Y20080101_SP64 )  ... WHERE ORA_HASH(customer_id, 63, 0) + 1 = 64 

... 

Ifyourtable’shashsubpartitionnumberingschemeinthesubpartitionnamedoesn’tcorrespondto
therealsubpartitionposition(theORA_HASHreturnvalue),thenyou’llneedtoquery
DBA_TAB_SUBPARTITIONSandfindthecorrectsubpartition_nameusingtheSUBPARTITION_PO/SITION
column.

There’sonemorecatchthough.Whiletheorder_datepredicatewillbeusedforpartitionpruningin
thesourcedatabase,theORA_HASHfunctionwon’t—thequeryexecutionenginejustdoesn’tknowhowto
usetheORA_HASHpredicateforsubpartitionpruning.Inotherwords,theabovequerywillreadall64
subpartitionsofaspecifiedrangepartition,thentheORA_HASHfunctionwillbeappliedtoeveryrow
fetchedandtherowswithnon-matchingORA_HASHresultwillbethrownaway.So,ifyouhave64
sessions,eachtryingtoreadonesubpartitionwiththeabovemethod,eachofthemwouldendup
scanningthroughallsubpartitionsunderthisrangepartition,thismeans64×64=4096subpartition
scans.

Wehaveworkedaroundthisproblembycreatingviewsonthesourcetableinthesourcedatabase.
Wewouldcreateaviewforeachsubpartition,usingascript,ofcourse.Theviewnameswouldfollowa
namingconventionsuchasV_FACT_Y2008010_SP01,andeachviewwouldcontaintheSUBPARTITION
( xyz )clauseintheview’sSELECTstatement.Remember,theseviewswouldbecreatedinthesource
database,sotherewon’tbeanissuewithdatabaselinkssyntaxrestriction.Andwhenit’stimeto
migrate,theinsert-into-subpartitionstatementsexecutedinthetargetExadatadatabasewould
referenceappropriateviewsdependingonwhichsubpartitionisrequired.Thismeansthatsomelarge
facttableswouldhavethousandsofviewsonthem.Theviewsmaybeinaseparateschema,aslongas

1
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theschemaownerhasreadrightsonthesourcetable.Also,youprobablydon’thavetousethistrickon
allpartitionsofthetable,asifyourlargesttablesaretime-partitionedbysomeorder_dateorsimilar,
thenyoucanprobablytransfermuchoftheoldpartitionsbeforethedowntimewindow,soyouwon’t
needtousesuchextrememeasures.

Thetechniquesjustdiscussedmayseemquitecomplicatedandtimeconsuming,butifyouhave
tensorhundredsofterabytesofrawdatatoextract,transfer,andcompress,andallthishastohappen
veryfast,suchmeasuresaregoingtobeuseful.WehaveusedthesetechniquesformigratingVLDBdata
warehousesupto100TBinsize(compressedwithold-fashionedblockcompression)withrawdatasets
exceedingaquarterofapetabyte.However,weneedtooptimizeourowntimetoo,soreadthenext
sectionaboutwhenitisfeasibletogowithdatabaselinksandwhenitisnot.

When to Use CTAS or IAS over Database Links 

Ifyouhaveallocatedplentyofdowntime,andthedatabasetobemigratedisn’ttoobig,andyoudon’t
wanttodomajorreorganizationofyourdatabaseschemas,thenyouprobablydon’thavetousedata
loadoverdatabaselinks.AfullDataPumpexport/importismucheasierifyouhavethedowntimeand
diskspaceavailable;everythingcanbeexportedandimportedwithasimplecommand.

However,whenyouaremigratingVLDBswithlowdowntimewindows,databaselinkscanprovide
oneperformanceadvantage—withdatabaselinksyoudon’thavetodumpthedatatoadiskfilejustto
copyitoverandreloaditbackintheotherserver.Also,youdon’tneedanyintermediatediskspacefor
keepingdumpswhenusingdatabaselinks.Withdatabaselinksyoureadthedatafromdiskonce(inthe
sourcedatabase),transferitoverthewire,andwriteittodiskonceinthetarget.

TransferringlotsofsmalltablesmayactuallybefasterwiththeExport/ImportorDataPump
method.Also,theotherschemaobjects(views,sequences,PL/SQL,andsoon)havetobesomehow
migratedanyway.Soit’sagoodideatotransferonlythelargetablesoverdatabaselinksanduse
Export/ImportorDataPumpformigratingeverythingelse.Andbytheway,DataPumphasanice
EXCLUDE:parameteryoucanuseforexcludingthelargemanuallytransferredtablesfromanexportjob.

What to Watch Out For When Copying Tables over Database Links 

Copyingtablesduringbusinesshourscanimpactperformanceonthesourcedatabase.Itcanalsoputa
loadonthenetwork,sometimesevenwhendedicatednetworkhardwareisinstalledforreducingthe
impactofhigh-throughputdatatransferduringproductiontime.

Table13-3showsasummaryofthecapabilitiesofeachoftheseExtractandLoadmethods.


Table 13-3. When to Use Extract and Load 

Requirement Data Pump Export/Import Database Link 

SchemaChanges Yes Yes Yes

Table/IndexStorageChanges Yes Yes1Yes

TablespaceChanges



YesNo Yes
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Requirement Data Pump Export/Import Database Link 

DataIsEncrypted(TDE) YesNo Yes

DatabaseVersion<9i No Yes Yes2

HybridColumnarCompression Yes No Yes

Directpathload Yes No Yes

1
 It is possible to change the object creation DDL by running imp with show=y option to extract the DDL 

statements, modifying the script and creating the objects manually in Sqlplus. Data Pump has made such 
tasks much easier thanks to its TRANSFORM parameter.  
2
 Oracle doesn’t support SQL*Net connectivity between Oracle 10g (and newer) and pre-8.1.7.4 database 

versions. If you attempt such connection, you will receive an error message ORA-03134: Connections to this 
server version are no longer supported.  

Replication-BasedMigration
Generallyspeaking,replication-basedmigrationisdonebycreatingacopyofthesourcedatabaseand
thenkeepingitinsyncbyapplyingchangestothecopy,or“targetdatabase.”Therearetwovery
differentmethodsforapplyingthesechanges.Physical replicationshipsarchivedredologstothetarget
whereitisappliedtothedatabaseusingitsinternalrecoverymechanisms.Thisiscalled“RedoApply”.
We’lltalkmoreabouthowthatworksinthe“PhysicalMigration”sectionlaterinthischapter.With
logical replication,changestothesourcedatabaseareextractedasSQLstatementsandexecutedonthe
targetdatabase.ThetechniqueofusingSQLstatementstoreplicatechangesfromsourcetotargetis
calledSQL Apply.Backinthe90,swhenOracle7and8werealltherage,itwascommonpracticeamong
DBAstousesnapshotstokeeptablesinaremotedatabaseinsyncwithmastertablesinthesource
database.Thesesnapshotsusedtriggerstocapturechangestothemastertableandexecutethemonthe
target.Snapshotlogswereusedtoqueueupthesechangeswhenthetargettableswereunavailableso
theycouldbeexecutedatalatertime.Itwasasimpleformoflogicalreplication.Ofcourse,thiswasfine
forahandfuloftablesbutitbecameunwieldywhenreplicatinggroupsoftablesorentireschemas.In
laterreleasesOraclewrappedsomemanageabilityfeaturesaroundthistechnologyandbrandedit
”SimpleReplication.”Evenbackintheearlydaysofdatabasereplicationtherewerecompaniesthat
figuredouthowtominedatabaseredologstocaptureDMLmoreefficientlyandlessintrusivelythan
triggerscould.Todaythereareseveralproductsonthemarketthatdoaverygoodjobofusingthis“log
mining”techniquetoreplicatedatabases.Theadvantagelogicalreplicationhasoverphysicalreplication
isinitsflexibility.Forexample,logicalreplicationallowsthetargettobeavailableforreadaccess.In
somecasesitalsoallowsyoutoimplementtablecompressionandpartitioninginthetargetdatabase.In
thenextfewsectionswe’lldiscussseveraltoolsthatsupportreplication-basedmigration.

Oracle Streams and Golden Gate 

OracleStreamsisincludedinthebaseRDBMSproductandwasintroducedasanewfeatureinversion
9i.GoldenGateisaproductrecentlyacquiredbyOracle.Bothproductsreplicatedatainmuchthesame
way.Acopyofthesourcedatabaseiscreated(thetarget)andstartedup.Thismaybedonefromafull
databasebackupusingRecoveryManagerorbyusingDataPumptoinstantiateSELECTschemas.Then
changesinthesourcedatabaseareextracted,ormined,fromtheredologs.Thechangesarethen
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convertedtoequivalentDMLandDDLstatementsandexecutedinthetargetdatabase.Oraclecalls
thesestepsCapture,Stage,andApply.

Regardlessofwhichproductyouuse,thetargetdatabaseremainsonlineandavailablefor
applicationstousewhilereplicationisrunning.Newtablesmaybecreatedinthetargetschemaorin
otherschemas.Anyrestrictionsonthetargetarelimitedtothetablesbeingreplicated.Thisis
particularlyusefulwhenyourmigrationstrategyinvolvesconsolidation—takingschemasfrommultiple
sourcedatabasesandconsolidatingthemintoonedatabase.Becauseofitsextremelyhighperformance
andscalability,mostcompaniesuseExadatafordatabaseconsolidationtoatleastsomedegree,sothis
isaveryusefulfeature.Ifyoureadbetweenthelines,yourealizethatthismeansyoucanmigrate
multipledatabasesconcurrently.

AnothercapabilityofbothStreamsandGoldenGateistheabilitytododatatransformation.Thisis
notsomethingwewouldnormallyassociatewithdatabasemigration,butitisavailableshouldyouneed
it.SinceStreamsusesSQLApplytopropagatedatachangestothetarget,youcanimplementchangesto
thetargettablestoimproveefficiencies.Forexample,youcanconvertconventionaltargettablesto
partitionedtables.YoucanalsoaddordropindexesandchangeextentsizestooptimizeforExadata.Be
awarethateventhoughreplicationprovidesthiscapability,itcangetmessy.Ifyouareplanningalotof
changestothesourcetablesconsiderimplementingthembeforeyoubeginreplication.

TablesinthetargetdatabasemaybecompressedusingExadataHCC.Bepreparedtotest
performancewheninsertingdataandusingHCCcompression.ItisaCPU-intensiveprocess,much
moresothanBasicandOLTPcompression.However,therewardsareprettysignificantintermsof
storagesavingsandqueryperformance,dependingonthenatureofthequeryofcourse.Ifconventional
insertsorupdatesareexecutedonHCC-compressedtables,OracleswitchestoOLTPcompression(for
theaffectedrows)andyourcompressionratiodropssignificantly.Directpathinsertscanbedoneby
implementingtheinsertappendhintasfollows:

insert /*+ append */ into my_hcc_table select ...; 
 
insert /*+ append_values */ into my_hcc_table values ( <array of rows> ); 

Notethattheappend_valueshintonlyworksfromOracle11gR2onwards.
Alsonotethatasofthiswriting,GoldenGatedoesnotsupportreadingchangesofcompressed

tablesyet.Therearethreebug/enhancementrequestsoutstandingforaddingextractionsupportfor
tablescompressedwithregular,OLTP,andHCCcompression.Asfaraswritingthedatatothe
replicationtargetgoes,weransometestsinourlabandfoundthatwewereabletoachievethe
“reduced”compressionratiobyusingGoldenGate’sdirectloadfeature.Itdidn’tappeartosupportthe
higherlevelsofcompressionyouwouldexpectfrombulkinserts.Table13-4showstheresultsofour
compressiontests.
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Table 13-4. Golden Gate Table Compression 

Method of Table Load Table Size (MB) 

UncompressedTable(baseline) 3,443

insert/*+append*/select*from… 361

GGdirectload* 1,722

GGdirectloadand‘Append’hintontheinsertintothesourcetable. 1,722

* Note that Golden Gate has its own meaning for the term “direct load.” In Golden Gate terminology, it 
means that the initial table data copy (instantiation of a table) is done by directly inserting the extracted 
rows into the target database with array insert commands. The indirect approach in Golden Gate means 
that the initially extracted data is dumped to an extract file first and later loaded with other tools like 
Replicat (initial-load mode) or Oracle’s SQL*Loader. This is why we didn’t see ideal compression with 
Golden Gate s “direct load” method as array inserts are not as good as INSERT SELECTs for compression.  

AsforStreams,thedocumentationsaysthatdirectpathinsertsarenotsupportedin10gdatabases.
11gdoesprovidelimitedsupportthroughtheDirectPathAPI.Onceagain,makesureyoucheckthe
Oracledocumentationtoseewhatissupportedforyourdatabaseversion.Ifindoubtrunafewteststo
seewhetheryoudogetthelevelofcompressionyouexpect.However,abigimprovementinOracle11.2
allowsStreamstocapturedatafromtablescompressedwithbasictablecompressionandOLTP
compression.FromOracle11.2.0.2patchsetonwards,Streams/XStreamcanalsocapturechangesto
HCCcompressedtables.TheOracle Streams Concepts and Administration Guidefor11gRelease2(11.2)
explainsthisinmoredetail.ThisfeaturegivesStreamsabigadvantageoverGoldenGateifyoursource
tablesarecompressedandthecompresseddataisupdated,thusrequiringsomesortofchangecapture
unlessyouwanttocopyallthatdataduringdowntime.

ThelistofdatatypesStreamsdoesnotsupportisfairlyshortinversion11gR2.Hereisthelistfrom
theOracledocumentation:

• BFILE 

• ROWID 

• User-definedtypes(includingobjecttypes,REFs,varrays,andnestedtables)

• XMLTypestoredobjectrelationallyorasbinaryXML

• ThefollowingOracle-suppliedtypes:Anytypes,URItypes,spatialtypes,and
mediatypes

AndhereisthelistofunsupporteddatatypesinGoldenGate:

• BFILE 

• BLOB 

• CFILE 
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• CLOB 

• NCLOB 

• NTY 

ThefollowingisaquicksummaryofthebenefitscommontobothOracleStreamsandGoldenGate:

• Supportforfailover(OracleRACenvironments)

• Supportformulti-tenantdatabases

• Supportfortablepartitioning(targettables)

• SupportforHCCcompression(targettablesonlyforGoldenGate)althoughyou
maynotgetthebestloadingcompressionratiocomparedtoCTASorIAS

• Supportforstoragechangesfortablesandindexes(targettables)

• Abilitytochangeindexingstrategy(targettables)

• Readaccesstothetargettablesduringmigration

• Supportforendiandifferencesbetweensourceandtarget

• Supportforcharactersetdifferencesbetweensourceandtarget

• Supportfordifferentdatabaseblocksizesbetweensourceandtarget

• SupportforchangeCaptureonthetargetserver,reducingtheperformance
impactonthesourcesystem

• Notdifficulttosetup

• Databaseversion-agnostic

• Verylittledowntimetoswitchover

DisadvantagescommontobothStreamsandGoldenGate:

• Replicatedtablesmustbekeyed.Ifthereisnoprimarykeyonthesourcetable,
youmustprovidealistofcolumnsthatprovideuniqueness.Ifnosuch
combinationexists,thetablecannotbereplicated.

• Somedatatypesarenotsupportedforreplication.

• Logminingonthesourcesystemcanimpactperformance.Considermovingthe
changeCapturetothetargetsystem.

• It’smorecomplexthanothermigrationstrategies.

DisadvantagesofStreamscomparedtoGoldenGate:

• Dataminingcanheavilyimpactperformanceonthesourcedatabase.

• Itismorecomplextosetup.

• DDLissupportedbutproblematic.
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• Ifreplicationbreaks,fixingitcanbemessy.Itisofteneasiertoscrapthetargetand
rebuildit.

• SQLApplyismorepronetofallingbehindthesourcethanGoldenGate.

• StreamstendstorequiremuchmoreCPUresourcesthanGoldenGate.

AdvantagesofStreamsoverGoldenGate:

• Streamsisincludedwithyourdatabaselicense,whileGoldenGateissold
separately

• IfthesourcedatabaseisOracle11.2(orhigher),Streamssupportscapturing
changestocompressedsourcetables(basicandOLTPcompression).Ifboththe
sourceandtargetdatabasesarerunningOracleversion11.2.0.2orhigher,thenthe
StreamssupportscapturingchangestoHCCcompressedtablestoo.

• Allprocessinformationisstoredinthedatabase,providingconvenientremote
access.

• ThereisintegrationwithGridControl.

Sowhichshouldyouuse,StreamsorGoldenGate?We’vespokenwithclientsandcolleagueswho
haveusedbothproducts.Ineverycasetheyareusingtheproductforsimplereplicationtoaremotesite
muchlikeyouwouldfordatabasemigration.ThefeedbackwegetisoverwhelminglyinfavorofGolden
Gate.TheseusersciteGoldenGate’seaseofuse,stability,andperformanceasthemostimportant
reasons.Inadditiontothis,GoldenGatesupportsnon-Oracledatabasesources.Streamsrunsinsidethe
Oracledatabaseandhasnotbeenportedtoanyotherdatabaseplatform.Asmentioned,Streamsis
includedinyourOracledatabaselicense.GoldenGateisnot,andthecostbasedonthetotalnumberof
coresonthesourceandtargetserversisnottrivial.Ifyouhaveneedfordatareplicationbeyondyour
Exadatamigration,thentheinvestmentmaybewellworthit.Ifyouarefacedwithaone-timemigration,
Streamsmaybeabetterfitforcost.

WhentoUseStreamsorGoldenGate

StreamsandGoldenGatebothprovidealotofflexibilitywithnear-zerodowntime.Theyarewellsuited
formigrationsthatrequirechangestothetargettables.Thisincludesresizingtableandindexextents,
implementingpartitioningstrategies,andcompressingtables.Theyalsoallowyoutochangeschemas,
tablespaces,anddiskgroups,amongotherthings.

WhattoWatchOutforwithStreamsandGoldenGate

SinceStreamsandGoldenGatepropagatedatabasechangesbyminingtheredologs,youmustaccount
forNOLOGGINGoperations.Thiscanbedoneatthetablespacelevelusingalter tablespace force 
loggingoratthedatabaselevelusingalter database force logging.

HereareafewexamplesofNOLOGGINGoperations:

• CREATE TABLE newtab NOLOGGING AS select * from …)  

• insert/*+append*/…(fortablesinnologgingmode)

• DirectpathSQL*Loader(fortablesinnologgingmode)
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NotethatsomelargeDWdatabasesaredesignedtouseNOLOGGINGforlargedataloadstosaveCPU
anddiskspace(fewerarchivelogsgenerated).Thesedatabasesrelyonincrementalbackupsplusdata
reloadsasarecoverystrategy.Insuchdatabases,forcingredologgingforeverythingmaycause
unacceptableperformancedegradationandarchiveloggeneration.Inthosecasesitmakessenseto
configuretheETLenginetoperformloadstoboththeoldandnewDWsystemduringthetransition
period.

Sequencesarenotreplicated.Theymustbedroppedfromthetargetandrecreatedfromthesource
databaseduringthefinalcut-over.Triggersonthetargettablesmustbedisabledduringreplicationand
re-enabledduringthefinalcut-over(afterreplicationhasbeenshutoff).

Logical Standby 

Anothertypeofreplicationusefulfordatabasemigrationislogical standby.Logicalstandbyisabuilt-in
featureoftheOracledatabase.Itwasintroducedinversion9irelease2asanextensionoradditional
featureofDataGuard(formerlyPhysicalStandby).Onthesurface,thisstrategysoundsalotlikeStreams
andGoldenGateinthatitisbasicallydoingthesamething.Changestothesourcedatabasearemined
fromtheredo(orarchivedredo)andconvertedtoSQLstatementsandexecutedonthetargetdatabase.
Asinotherlogicalreplicationmethods,thedatabaseisopenandavailablewhilereplicationisrunning.

LogicalstandbyisfarmorerestrictivethanStreamsorGoldenGate.Becausethelogicalstandbyis
actuallyinstantiatedfromaphysical,block-for-block,copyofthesourcedatabase,severalrulescome
intoplay.Thedatabaseversionmustbethesameforthesourceandthetargetdatabases,evendownto
thepatchlevel.Withfewexceptions,sourceandtargetplatformsmustalsomatchatleastwithinthe
processorarchitecture.Forexample,logicalstandbydoessupportasourcedatabaserunningonan
AMD64processorarchitecturewhilethetargetdatabase,Exadatainourcase,runsonanIntelEM64T
processor.Theoperatingsystemforbothsourceandtargetmustbethesame,althoughdifferent
distributionsofLinuxwillwork.Forexample,youcouldberunningSuseLinuxonthesourcesystembut
OracleEnterpriseLinuxonthetargetaslongastheLinuxkernelisthesame.

Itmightsurpriseyoutoknowthatwhileindexesandmaterializedviewscanbecreatedinthetarget
database,youcannotuselogicalstandbytoimplementapartitioningstrategythere.Forexample,you
cancreateordropindexesonatargettable,butyoucannotpausereplication,dropthetable,recreateit
asapartitionedtable,reloadit,andresumereplication.Tablecompressionisnotsupported,either.We
triedworkingaroundthatbycompressingthetableafterconvertingthetargetdatabasefromaphysical
toalogicalstandby,butthatdoesn’twork.RememberthatHCCcompressiononlyworkswithdirect
pathload,andlogicalstandbyapplieschangesusingconventionalinserts.Compressionandtable
partitioningareveryimportantperformancestrategiesforExadata.Thelackofsupportforthese
featuresisasignificantdownsideforlogicalstandby.

ThelistofunsupporteddatatypesisthesameforlogicalstandbyasitisforStreamsandGolden
Gate:

• BFILE 

• ROWID,UROWID

• User-definedtypes

• Collections(includingVARRAYSandnestedtables)

• XMLTypestoredobjectrelationallyorasbinaryXML

• Multimediadatatypes(includingSpatial,Image,andOracleText)
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Therearealotofstepsinconfiguringandinstantiatingalogicalstandbyandwewon’tgointoallthe
detailshere.Buttogiveyouanideaofhowalogicalstandbyissetup,herearethehigh-levelsteps:

1. Createaphysicalstandbydatabase(we’lltalkaboutthisinthe“Physical
Standby”section).

2. Stopredoapplyonthephysicalstandbydatabase.

3. ConfigureLogMinerinthePrimarydatabase.

4. Convertthephysicalstandbydatabasetoalogicalstandby.

5. Openthelogicalstandbydatabaseandrestartredoapply.

6. Verifythatthelogicalstandbydatabaseisapplyingchangesfromthesource.

LogicalstandbyusesSQLApplytechnologytoreplicatechangesfromthesourcedatabasetothe
target.Asmentionedearlier,changesinthesourcedatabaseareconvertedtoSQLstatementsand
shippedtothetargetforexecution.Althoughthismaysoundfairlystraightforward,therearesome
interestingimplicationsbecauseofhowitisimplemented.Hereareafewthingstokeepinmind.


ConsiderationsforDMLStatements:

• Batchupdatesareexecutedonerowatatime.

• Directpathinsertsareperformedinconventionalmanner.

• ParallelDMLisnotexecutedinparallel.

ConsiderationsforDDLStatements:

• ParallelDDLisnotexecutedinparallel.

• CTASisexecutedascreatetable,insert,insert,insert,…

WhentoUseLogicalStandby

Logicalstandbyhasaverynarrowlistofbenefitsthatsetitapartfromother,morelikely,migration
methods.Itprovidesfulldatabasereplicationandallowsreadaccesstothestandbydatabaseduring
replication.Assuch,thestandbymaybeusedtooffloadresource-intensivereportingoperationsfrom
theproductiondatabaseuntilthetimeyouarereadytomakethefinalswitch.Tablesandmaterialized
viewsmaybecreatedonthestandbydatabase,andindexesmaybecreatedordroppedtoimprove
performance.

WhattoWatchOutforwithLogicalStandby

NOLOGGINGoperationsdonotgenerateredo,whichmeanstheywillnotbereplicatedtothestandby
database.BesuretoturnoffNOLOGGINGoperationsusingthealter database force loggingcommandin
SQL*Plus.Consideringitslackofsupportformodifyingstorageoftargettables,compression,and
partitioning,youmightopttousethephysicalstandbyapproachinstead.Ifyoudon’trequirefull
databasereplication,StreamsandGoldenGateareexcellentalternativesprovidingsupportformanyof
thecapabilitieslackinginalogicalstandbydatabase.



CHAPTER13MIGRATINGTOEXADATA

450

Parallel Load 

Thisisabitof“rollyourown”methodformigration.Inthisstrategydatachangesarefedtothedatabase
throughanin-housedevelopedapplication.Assuch,itisasmalltasktoconfiguretheapplicationto
updateExadatatablesinparallelwiththecurrentproductiondatabase.Historicaldataisthenmigrated
overtoExadataduringnormalbusinesshours.Dependingonthevolume,thismaytakeseveraldaysto
severalweeks.OncealltableshavebeenmigratedtoExadata,thefeedtotheoldproductionsystemis
cutandExadatabecomesthenewproductiondatabase.

Non-Oracle Databases 

Clearlythelistofoptionswillbemuchsmallerformigratingnon-Oracledatabases.Oneofourclientsis
currentlymigratingthirtyorsoSQLServerdatabasestoExadata.Tobeginwith,thistypeofmigration
takesusdownthelogicalmigrationpath;essentiallyextractingeveryobjectandrowofdatafromthe
sourcedatabase,andinsertingitintothetargetdatabase.Ifthesourcedatabaseincludescodeobjects
suchasstoredprocedures,functions,andtriggers,theywillneedtobeconvertedtoPL/SQLorrewritten
completely.

Changingdatabasevendorscanbeamessyandcomplicatedprocess.Thereisalottoconsider,
plan,andtest.Oracleandothervendorshavedoneaprettygoodjobofprovidingtoolsthatautomate
theprocess(tosomedegree).Migratingfront-endapplicationstoanOracledatabaseisamuchlonger
discussion,largelybecauseeachdatabasevendorhasimplementedlockingandconcurrencycontrol
differently.AnOracledatabasetendstodomuchlesslockingthanmanyofitscompetitors.Thisisa
goodthingbecauselessaggressivelockingmeansmoreconcurrency,andmoreconcurrencytranslates
tobetterscalability.Howeverbecauseofthistendencyto“under-lock,”applicationswrittenfornon-
Oracledatabasesshouldbecloselyreviewedtoensurethattheyadequatelylockrowswhereserialization
isrequired.Developmentbestpracticesarebeyondthescopeofthisbookbutarewelldocumented.
TomKyte’sbookExpert Oracle Database Architecture(Apress,2010)isanexcellentresourceforDBAs
anddevelopersmakingtheswitchtoOracle.Bewaretheconceptof“databaseagnostic”applications;it
isamyth.Ifyouaremigratingafront-endapplicationalongwithyourdatabase,thecodeshouldbe
reviewedandtestedthoroughly.Oracle’sMigrationWorkbenchcantakesomeofthepainoutofthe
processofconvertingyournon-OracledatabasestoExadata.Betteryet,itisfreeandfullysupported.As
ofthiswritingthedatabasesitcanmigratearethese:

• MicrosoftSQLServer

• IBMDB2

• SybaseAdaptiveServer

• Teradata

• MicrosoftAccess

• Informix

• MYSQL

MigrationWorkbenchextractssourcedatabaseobjects,storestheminitsrepository,andconverts
themtoOracle-compatibleobjects.Supportedobjectsaretables,views,constraints,primarykeys,
foreignkeys,indexes,storedprocedures,functions,triggers,SQLServeridentitycolumns,temporary
objects,users,user-definedtypes,andmore.Forexample,VARCHARfieldswithalengthgreaterthan4000
charactersareconvertedtoCLOBinOracle.DatatypesthatOracledoesnotdirectlysupportare
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convertedtodatatypeswithsimilarcharacteristics.Forexample,theMEMOdatatypewillbeconvertedto
anOracleCLOBdatatype.OraclehandlesthenotoriousIDENTITYdatatypeinSQLServerbyconverting
ittoaNUMBERcolumnontheOraclesideandcreatingacorrespondinginserttriggerandsequence.Some
objectsandsyntaxcannotbeconvertedautomatically.ForthoseobjectsMigrationWorkbenchanalyzes
andreports,tasksthatoncerequiredhumanintervention.Convertingcodeanddatatypesmanuallyisa
tedious,time-consuming,anderrorpronetask.Besuretoallowenoughtime,andtest,test,test.Ifyour
databasestoresdatastructuresonlysuchastablesandindexes,othertoolslikeGoldenGatecanbe
effectivelyusedformigratingyourdatabasetoExadata.

WhentoUseMigrationWorkbench

MigrationWorkbenchisaveryusefultoolforreducingthetimeandeffortinvolvedincross-vendor
databasemigration.Thisisespeciallytruewhenthereisasubstantialamountofproceduralcodeinside
thedatabasetobemigrated.InsteadofspendinghoursinthebookstryingtofigureoutwhichOracle
datatypesmapbesttothesourcedatabase,MigrationWorkbenchgeneratesthesemappings
automatically.We’vealsofoundittobearealtimesaverforDBAsanddeveloperswhoneedtolearn
howbuilt-indatatypes,packages,andfunctionstranslatetoPL/SQL.

WhattoWatchOutforWhenMigratingfromnon-OracleDatabases

Donotunderestimatethedifficultyofcross-vendordatabasemigration.EvenamongtheSQLfamilyof
databasesonthemarkettherearesignificantdifferencesinimplementation.Youwillneedathorough
understandingofhowthingslikereadconsistencyandlockingaredoneinyoursourcedatabaseaswell
ashowtheyaredoneinOracle.Thetimeandeffortrequiredforcross-vendordatabasemigrationis
directlytiedtothecomplexityofyourdatabaseandtheamountofsourcecodeforpackages,procedures,
andfunctionsthatmustbeconverted.Ifuser-defineddatatypesareusedinthesourcedatabase,they
willneedtobeconvertedmanually

LogicalMigrationWrapUp
Inmostcaseslogicalmigrationprovidesthemostflexibilityforreconfiguringextentsizes,implementing
ormodifyingpartitioningstrategies,andcompressingtablesusingHCC.Thisflexibilitycomesatthecost
ofcomplexityandrestrictionsthatshouldbeweighedandmeasuredagainstthesimplicityofsomeof
thephysicalmigrationstrategiespresentedinthischapter.Attheendoftheday,youwillwantto
properlysizeextentsforlargetables,implementagoodpartitioningstrategy,andcompressread-only
tablesusingHCCcompression.ThiscanbedonebeforeyouswitchovertoExadatausingmostofthe
logicalmigrationstrategieswe’vediscussedhere.

Physical Migration 
Physicaldatabasemigration,asthenameimplies,istheprocessofcreatingablock-for-blockcopyofthe
sourcedatabase(orpartsofthedatabase)andmovingittoExadata.Physicalmigrationisamuch
simplerprocessthansomeofthelogicalmigrationstrategiesdiscussedearlierinthischapter.Asyou
mightexpect,itdoesnotallowforanychangestobemadetothetargetdatabase,otherthanchoosing
nottomigratesomeunnecessarytablespaces.Thismeansthatyouwillnotbeabletomodifyextent
sizesfortablesandindexes,alteryourindexingstrategy,implementpartitioning,orapplyHCCtable
compression.Allthesetasksmustbedonepost-migration.However,physicalmigrationis,handsdown,
thefastestwaytomigrateyourdatabasetoExadata.Forallphysicalmigrationstrategies,except
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TransportableTablespaces(TTS),thenewExadatadatabasestartsoutasasingle-instancedatabase.
Post-migrationstepsareneededtoregisterthedatabaseandallitsinstanceswithClusterReadyServices
(GridInfrastructure).Becausephysicalmigrationcreatesanexactcopyofthesourcedatabase,thelistof
restrictionsisveryshort:

• ThesourceDatabaseversionmustbe11.2.

ThisassumesthatyouwillbemigratingtoExadataV2orX2,theoldExadataV1
supportsOracle11.1aswell.

Oneoptionistoupgradetheproductiondatabasetoversion11.2beforecopyingit
toExadata.Upgradingisusuallyaquickprocessandisnotdependentonthesize
ofthedatabasetables,butratheronthenumberofobjectsinthedatabase.(The
post-upgraderecompilationofPL/SQLpackagesandviewsmaytakeawhile
however.)

• ThesourceplatformmustbecertifiedforrunningOracle11.2(OEL5,RHEL5,
SLES10orothercertifiedLinuxversions).

• Thesourceplatformmustbelittle-endian(ASMrebalanceandcross-platform
transportabledatabaseonly).Whenusingahybridsolutioncreatinganew
databaseonExadataandusingcross-platformtransportabletablespaces,the
sourcedatabasecanbeondifferentplatformswithdifferentendianness
(supportedplatformsarelistedinv$transportable_platformview.)

Therearethreestrategiesforperformingaphysicalmigration:backupandrestore,physical
standby,andASMrebalance.Inthissectionwe’lldiscussthesestrategies,howtheywork,andwhatthey
arebestsuitedfor.

Backup and Restore 
ThebackupandrestorestrategyusesOracle’sRecoveryManager(RMAN)tocreateafullbackupofthe
sourcedatabaseandthenrestoreittotheExadataplatform.Unlessyouplantoshutdownthedatabase
duringthisprocess,thesourcedatabasemustberunninginArchivelogmode.Thebackupandrestore
processcanbedoneinonepassusingafullbackup.Thisisthebestwaytomovesmallerdatabasesto
Exadatasincesmallerdatabasestakemuchlesstime.Largerdatabasesmaytakehourstobackupand
restore.Forthesedatabasestheprocesscanbedoneintwopassesbytakingafullbackupfollowedbyan
incrementalbackup.

FullBackupandRestore
RMANisusedtocreateafullbackupofthedatabasetobemigrated.Thebackupfilesarestagedinafile
systemortapelibraryaccessibletoExadata.ThebackupisthenrestoredtotheExadataplatform.Ifthe
sourcedatabaseisonabig-endianplatform,thedatafilescanbeconvertedduringbackuporrestore
processusingRMAN’sconvert databasecommand.Thebasicstepsare:

1. Performpre-migrationtasks:

a. Createanentryinthetnsnames.orafileforyourdatabaseonExadata
(optional).

b. Copythepasswordfileandparameterfile(init.oraorspfile)toExadata.
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2. Restrictuserandapplicationaccesstothedatabase.

3. Takeafulldatabasebackup(optionallyconverttolittle-endianplatform).

4. CopythefilestoExadata(notrequiredifbackupresidesonasharedfile
systemortape).

5. OnExadata,startupthedatabaseinnomountmode.

6. Restorethecontrolfile(optionallyconverttoLinuxx8664-bitplatform).

7. Mountthedatabase.

8. Restorethedatabase(optionallyconverttoLinuxx8664-bitplatform).

9. Recoverthedatabase.(Notethatyoucannotrecoveradatabasewitharchive-
andredologsfromthesourcedatabase,ifthesourcedatabaseisonadifferent
platformthanthetargetdatabase.Thismeansthatyoucan’treducethe
migrationdowntimebyrestoringandrollingforwardanoldproduction
backupifthesourcedatabaseisrunningonadifferentplatformthanthe
target.Insuchacasethewritablesourcedatabasefilesshouldbe
restored/copiedonlywhentheyareintheirfinalstate(thatis,thesource
databaseisalreadyshutdown).Read-onlytablespacefilescanstillbe
copied/restoredinadvance.

10. Performpost-migrationtasks:

a. ConvertthedatabasetoRACandcreateservicenames.

b. Reconfigureclienttnsnames.orafiles,configurationfilesforconnectingto
theExadatadatabase.

11. Makethedatabaseavailabletousersandapplications.

Asyoucansee,thisisafairlystraightforwardprocess.Afterfollowingthesestepsyouhaveanexact
copyofyourproductiondatabaserunningonExadata.Thereareafewthingstokeepinmind,though.If
yoursourcedatabaseusesfilesystemsfordatabasestorage,orifyouareusingASMbutthediskgroup
namesaredifferentonExadata,youmayredirecttherestoredfilestothenewdiskgroupnamesby
changingthedb_create_file_destanddb_recovery_file_destparametersintheinit.orafilebefore
startingtherestoreprocess.Table13-5showshowtheseparameterscanbeusedtoremapdiskgroup
namesfromthesourcedatabasetoExadata.

Table 13-5. Remap Disk Groups 

Init.ora Parameters Source Database Exadata Database 

db_create_file_dest '+DATA_FILES' '+DATA' 

db_recovery_file_dest '+RECOVERY_FILES '+RECO' 


IfyourdatabaseusesmultipleASMdiskgroupstostoreyourdatabasefiles,usetheRMAN

db_file_name_convertcommandtoremapthefilenamestoASMdiskgroups.Forexample:
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db_file_name_convert= \ 
  ('+DATA_FILES/exdb/datafile/system.737.729723699','+DATA') 
db_file_name_convert= \ 
  ('+DATA_FILES1/exdb/datafile/sysaux.742.729723701','+DATA') 

IncrementalBackup
Ifthedatabaseyouneedtomigrateislargeandthetimetomigrateislimitedyoumightconsiderusing
theincrementalbackupandrestorestrategytoreducedowntimeforthefinalswitchtoExadata.Alas,the
incrementalmethoddoes notsupportendianformatconversion.Herearethebasicsteps:

1. Performpre-migrationtasks:

a. Createanentryinthetnsnames.orafileforyourdatabaseonExadata
(optional).

b. Copythepasswordfileandparameterfile(init.oraorspfile)toExadata.

2. Makealevel0backupofthedatabase.

3. CopythebackupfilestoExadata(notrequiredifbackupresidesonashared
filesystemortape).

4. OnExadata,startupthedatabaseinnomountmode.

5. Restorethecontrolfile.

6. Mountthedatabase.

7. Restorethedatabase.

8. Restrictuserandapplicationaccesstothedatabase.

9. Makeanincrementallevel1backupofthedatabase.

10. CopytheincrementalbackupfilestoExadata.

11. Recoverthedatabase(applyingincrementalbackupandarchivedredologs).

12. Performpost-migrationtasks:

a. ConvertthedatabasetoRACandcreateservicenames.

b. Reconfigureclienttnsnames.orafiles.

13. Makethedatabaseavailabletousersandapplications.

Youmaynoticethatthestepsfortheincrementalbackupmethodarealmostidenticaltothefull
backupmethod.Theimportantdifferenceisthedowntimerequired.Thebulkofthetimeformigrating
thedatabaseisinthefullbackupitself.Thiscouldtakehourstocomplete,andwiththefullbackup
methodthatisalldatabasedowntime.Theincrementalbackupmethodusesalevel0backupinsteadof
afullbackup.Inactualitythelevel0backupisthesameasthefullbackupexceptthatithasspecial
propertiesthatallowittobeusedasabaselinetowhichincrementalbackupscanbeapplied.Sousing
theincrementalmethod,thedatabaseremainsonlineforusersduringthelongestpartofthemigration.

Blockchangetrackingmustbeactivatedonthesourcedatabasebeforetheincrementallevel0is
taken.Whenblockchangetrackingisturnedon,Oraclekeepstrackofalltheblocksthathavechanged
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sincethelastlevel0backupbyflippingabitinasmallbitmapfile.Thismeansthatwhenyoutakean
incrementallevel1backup,Oracledoesn’thavetoscaneveryblockinthedatabasetoseewhichones
havechanged.I’veseenthisreduceanincrementalbackupofa13Tdatawarehousefrom9hourstojust
over15minutes.ToseeifblockchangetrackingisactiveexecutethefollowingqueryinSQL*Plus:

SQL> SELECT status FROM v$block_change_tracking; 
 
STATUS 
---------- 
DISABLED 

Youdonothavetoshutdownthedatabasetoactivateblockchangetracking.Itcanbedoneatany
time.Toturnonblockchangetracking,executethefollowingcommand:

SQL> ALTER DATABASE ENABLE BLOCK CHANGE TRACKING; 
Database altered. 

Bydefaulttheblockchangetrackingfileiscreatedinthedb_create_file_destlocation.Ifthis
parameterisnotset,youwillneedtosetitorspecifythefilenamefortheblockchangetrackingfile,like
this:

ALTER DATABASE ENABLE BLOCK CHANGE TRACKING  
  USING FILE '/u01/app/oracle/product/11.2.0/dbhome_1/dbs/TEST_bct.ct' {REUSE}; 

Post-migrationtasksarenecessarytoconvertyoursingle-instanceExadatadatabasetoamulti-
instanceRACdatabase.Convertingasingle-instancedatabasetoRACwillbecoveredattheendofthe
“PhysicalMigration”sectionofthischapter.OncethedatabaseisrecoveredandrunningonExadata,
youshouldmakeafulldatabasebackup.AssumingthedatabaseisrunninginArchivelogmode,youcan
dothisafterthedatabaseisbackonlineandservicingendusersandapplications.

When to Use Backup and Restore 

ExecutingasimpledatabasebackupandrecoveryusingRMANissomethingeveryDBAshouldbeable
todointheirsleep.ThismakestheBackupandRestoreaveryattractivestrategy.Itisbestsuitedfor
OLTPdatabasesthatdon’trequirepartitioningandHCCcompression.ItisalsosuitableforDW
databasesthatalreadyrunonalittle-endian,64-bitplatform,post-migrationstepsnotwithstanding.

What to Watch Out for when Considering the Backup and Restore Strategy 

Incrementalbackupandrestoredoesnotsupportplatformconversion.Ifthisisarequirement,you
mightbebetteroffusingtheTTSmigrationstrategyorrevisitingsomeofthelogicalmigrationstrategies
we’vediscussedinthischapter.Objectswillneedtoberebuiltaftermigrationtotakeadvantageof
ExadatastoragefeaturessuchasHCC.

TransportableTablespaces(andXTTS)
Transportabletablespaces(TTS)canbeusedtomigratesubsetsofthesourcedatabasetoExadata.Todo
thisyouwillneedarunningdatabaseonExadatatohostthesesubsetsofyourdatabase.Weoften
describeTTSasasortof“PruneandGraft”procedure.Thismethodallowsasetoftablespacestobe
copiedfromasourcedatabase,andinstalledintoalivetargetdatabase.TheTTSprocessisfairlysimple
butthereareafewthingsyouwillneedtobeawareofbeforebeginning.
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Restrictions:

• Tablespacesmustbeputinread-onlymodeduringtheprocess.

• Charactersetswill,ideally,bethesameforthesourceandtargetdatabases.There
areexceptionstothisrule.SeetheOracledocumentationifyouplantochange
charactersetsduringmigration.

• Objectswithunderlyingdependencieslikematerializedviewsandtablepartitions
arenottransportableunlesstheyarecontainedinthesameset.Atablespacesetis
awayofmovingagroupofrelatedtablespacestogetherinoneoperation.

• BeforetransportingencryptedtablespacesyoumustfirstcopytheOraclewalletto
thetargetsystemandenableitforthetargetdatabase.ADatabasecanonlyhave
oneOraclewallet.Ifthedatabaseyouaremigratingtoalreadyhasawalletyouwill
needtouseDataPumptoexportandimporttabledata.

• Tablespacesthatdonotuseblocklevelencryptionbuthavetablesthatuse
columnencryptioncannotbetransportedwithTTS.InthiscaseDataPumpis
probablythebestalternative.

• TablespacesthatcontainXMLdatatypesaresupportedbyTTSasof11gR1,but
youwillhavetouseDataPumptoexportthemetadata.Thereareother
restrictionsandcaveatstotransportingXMLdata.RefertotheOracle XML DB 
Developer’s Guideforacompletelisting.TolisttablespaceswithXMLdatatypes,
runthefollowingquery:

SQL> select distinct p.tablespace_name  
       from dba_tablespaces p,  
            dba_xml_tables  x,  
            dba_users       u,  
            all_all_tables  t  
      where t.table_name=x.table_name 
        and t.tablespace_name=p.tablespace_name 
        and x.owner=u.username; 

• OpaquetypessuchasRAWandBFILEaresupportedbyTTSbutarenotconverted
cross-platform.Thestructureofthesetypesisonlyknowntotheapplicationand
anydifferencesinendianformatmustbehandledbytheapplication.Typesand
objectsaresubjecttothislimitationwhethertheiruseofopaquetypesisdirector
indirect.

• Databaseversiondifferencesaresupportedaslongasthetargetdatabaseisofthe
sameorhigherversionthanthesourcedatabase.

CrossPlatformTransportableTablespaces(XTTS)supportsconversionbetweenmostbutnotall
platforms.Todeterminewhetheryourplatformissupported,runthefollowingquery:
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SYS:EXDB1>SELECT * FROM V$TRANSPORTABLE_PLATFORM ORDER BY PLATFORM_NAME; 
 
PLATFORM_ID PLATFORM_NAME                       ENDIAN_FORMAT 
----------- ----------------------------------- -------------- 
          6 AIX-Based Systems (64-bit)          Big 
         16 Apple Mac O/S                        Big 
         21 Apple Mac O/S (x86-64)               Little 
         19 HP IA Open VMS                      Little 
         15 HP Open VMS                         Little 
          5 HP Tru64 UNIX                       Little 
          3 HP-UX (64-bit)                      Big 
          4 HP-UX IA (64-bit)                   Big 
         18 IBM Power Based Linux               Big 
          9 IBM zSeries Based Linux             Big 
         10 Linux IA (32-bit)                   Little 
         11 Linux IA (64-bit)                   Little 
         13 Linux x86 64-bit                    Little 
          7 Microsoft Windows IA (32-bit)       Little 
          8 Microsoft Windows IA (64-bit)       Little 
         12 Microsoft Windows x86 64-bit        Little 
         17 Solaris Operating System (x86)      Little 
         20 Solaris Operating System (x86-64)   Little 
          1 Solaris[tm] OE (32-bit)             Big 
          2 Solaris[tm] OE (64-bit)             Big 

Exadataislittle-endian,soifthesourcedatabaseisalsolittle-endian,tablespacesmaybe
transportedasiftheplatformwerethesame.Ifthesourceplatformisbig-endian,thenanadditional
stepisrequired.Toconvertatablespacefromoneplatformtoanother,usetheRMANCONVERT 
TABLESPACEorCONVERT DATAFILEcommand:

Youmayconverttheendianformatoffilesduringthebackupusingthefollowingcommand:

RMAN> CONVERT TABLESPACE payroll_data,payroll_mviews 
           TO PLATFORM 'Linux x86 64-bit' 
              FORMAT '/u01/shared_files/%U'; 

InthisexampleRMANconvertsthedatafilestoanendianformatcompatiblewithExadata.The
converteddatafilesareuniquelynamedautomatically(%U)andsavedinthe/u01/shared_files
directory.Thisconversioncanbedoneonthesourcesystemorthetarget(Exadata).

ThefollowingcommandconvertstheendianformatduringtherestoreoperationonExadata:

RMAN> CONVERT DATAFILE payroll_data.dbf, payroll_mviews.dbf 
        FROM PLATFORM 'Solaris[tm] OE (64-bit)' 
        DB_FILE_NAME_CONVERT 
          '/u01/shared_files/payroll_data.dbf','+DATA', 
          '/u01/shared_files/payroll_mviews.dbf','+DATA'; 

Atablespacecanbetransportedindividuallyoraspartofatransportset.Transportsetsaremore
commonbecause,moreoftenthannot,objectdependenciesexistacrosstablespaces.Forexample,
theremaybetablesinonetablespaceanddependentmaterializedviewsorindexesinanother.Inorder
totransportatablespace,youmustfirstputitinread-onlymode.Tablespacemetadataisthenexported
usingDataPumpwiththetransportable_tablespacesparameter.Youshouldalsospecifythe
TRANSPORT_FULL_CHECKparametertoensurestrictcontainmentofthetablespacesbeingtransported.This
ensuresthatnodependentobjects(likeindexes)existoutsideofthetransportset.RMANisthenusedto
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takeabackupofthetablespacesinthetransportset.Conversionbetweenendianformatsmaybedone
duringtheRMANbackuporduringtherestoreonthetargetsystem.Herearethestepsfortransporting
tablespacestoExadata:

1. Identifytablespaceobjectdependencies.

2. Settablespacestoread-onlymode.

3. ExportmetadataforthetransportsetusingDataPump.

4. TakeanRMANbackupofthetablespacesinthetransportset.

5. CopytheexportfilesalongwiththedatafilebackupstoExadata.

6. RestorethedatafilesfromtheRMANbackuptoyourExadatadatabase.Ifendian
conversionisneeded,usetheCONVERT DATAFILEcommandtorestoreandconvertthe
datafilessimultaneously.

7. Makethetablespacesread/writeagain.

8. UsingDataPump,importthetablespacemetadataintotheExadatadatabaseusing
thetransport_datafilesparameter.Youcanoptionallyremaptheschemaofthe
tablespacecontentsusingtheremap_schemaparameter.

When to Use Transportable Tablespaces 

TTSandXTTSareusefulformigratingportionsofthesourcedatabaseusingthespeedofRMAN.Ifparts
ofyourdatabasearereadytomovetoExadatabutothersarenot,TTSmaybeagoodfit.

What to Watch Out for with the Transportable Tablespace Strategy 

CheckyourOracledocumentationforspecificrestrictionsorcaveatsthatmayapplytoyourdatabase.
Watchoutfortablespaceandschemanamecollisionsonthetargetdatabase.Tablespacesmustbeput
inread-onlymodeforthemove,sothiswillincurdowntime.YoucanrunanRMANbackupofthe
tablespaceswhiletheyareinread/writemodetoseehowlongthisoperationwilltakebeforedeciding
whetherTTSisanappropriatemethodornotforyourmigration.

PhysicalStandby
Inthephysicalstandbystrategy,thetargetdatabaseisinstantiatedfromafullbackupofthesource
database.ThebackupisrestoredtoExadatainthesamewayyouwouldforthe“BackupandRestore”
strategy.OncethedatabaseisrestoredtoExadata,itisstartedinmountmodeandkeptinacontinual
stateofrecovery.Aschangesoccurinthesourcedatabase,archivedredologsaregeneratedand
transmittedtotheStandbydatabasewheretheyareapplied(RedoApply).Unlikethe“Backupand
Restore”strategythisdatabaseiskeptinrecoverymodeforaperiodoftime.Becausearchivedredologs
areconstantlybeingappliedtotheStandbydatabase,conversionfrombig-endiantolittle-endian
formatisnotsupported.Standbydatabaseshavebeenaroundsinceversion7ofOracle.Thecapabilityis
inherentinthedatabasearchitecture.Ofcourse,backthenyouhadtowritescriptstomonitorthe
archivelogdestinationonthesourcesystemandthencopythem(usuallyviaFTP)totheStandby
systemwhereanotherscripthandledapplyingthemtotheStandbydatabase.Inversion9i,Oracle
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introducedanewproductcalledDataGuardtomanageandautomatemanyofthosetedioustasksof
managingandmonitoringtheStandbyenvironment.TodayDataGuardprovidesthefollowingservices:

• RedoTransportServices

• Handlesthetransmissionofarchivedredologstothetargetsystem

• Resolvesgapsinarchiveredologsduetonetworkfailure

• Detectandresolvemissingorcorruptarchivedredologsbyretransmitting
replacementlogs

• ApplyServices

• AutomaticallyappliesarchivedredologstotheStandbydatabase

• Allowsread-onlyaccesstotheStandbydatabaseduringredoapply

• Providesroletransitionmanagement:TheroleofthesourceandStandby
databasesmaybeswitchedtemporarilyorpermanently.

• Switchover:TemporarilyswitchestherolesofthesourceandStandby
databases.Usefulforfailingbackamigration.

• Failover:Permanentchangeinroles.Usefulforfinalizingthemigrationto
Exadata.Theoldsourcedatabasebecomesthestandbyandiskeptinsync
withExadatausingRedoApply.

• DataGuardBroker:

• SimplifiestheconfigurationandinstantiationoftheStandbydatabase.

• CentralizedconsoleformonitoringandmanagingtheStandbydatabase
environment.

• Simplifiesswitchover/failoveroftheStandbydatabase.

DataGuardprovides3modesofreplicationtotheStandbydatabase:

Maximum Availability:Transactionsinthesourcedatabasedon’tcommituntil
allredonecessarytorecovertheStandbyarewrittentotheonlineredologand
tothestandbyredolog.

Maximum Performance:Transactionsdon’tcommituntiltheyarewrittento
thesourceonlineredologs.

Maximum Protection:Ensureszerodatalossatthecostofperformanceonthe
sourcedatabase.

KeepinmindthatalthoughDataGuardisanexcellenttoolfordatabasemigration,thatisnotits
onlypurpose.DataGuard’sforteisprotectingdatabasesfrommediacorruption,catastrophicmedia
failure,andsitefailure.ItisanintegralcomponentinOracle’sMaximumAvailabilityArchitecture.Soit’s
nosurprisethatsomeofthereplicationmodesmentionedabovemakenosenseinthecontextof
databasemigration.MaximumPerformanceisthereplicationmodemostappropriateformigrating
databases,becauseithasnoimpactontheperformanceofthesourcedatabase.InMaximum



CHAPTER13MIGRATINGTOEXADATA

460

Performancemode,thesourcedatabasecontinuestofunctionasitalwayshas.Transactionsarenot
delayedbynetworkissuesordownstreamreplicationproblems.It’salsoworthmentioningthatData
Guardfullysupportseitherasingle-instancestandbyoranOracleRACstandby.Andasof11gR1,redo
canbeappliedwhiletheStandbydatabaseisopeninread-onlymode.Thereisalsostrongintegration
withEnterpriseManagerGridControl.

When to use Physical Standby 

Thephysicalstandbydatabasedoesnotallowanychangestothedatabase(otherthandatafilename
changes).Becauseofthis,itisbestsuitedfordatabasemigrationswherenochangestothetarget
databasearerequired.Ifchangesneedtobemadetheywillhavetobedonepost-migration.Generally
speaking,thisislessofanissuewithOLTPdatabases,becausechangeslikemigratingtolargetable
extentsizes,implementingpartitioning,andimplementingHCCarenotasbeneficialastheyarefor
largerDWdatabases.IfgettingtoExadataasquicklyandsafelyaspossibleisyourgoal,thenphysical
standbymaybeagoodfit.WithExadata’sperformanceandscalability,post-migrationtasksmaytake
farlesstimetoimplementthanyoumightexpect.

What to Watch Out for when Considering the Physical Standby Strategy 

Therearen’tmanytwistsorturnswiththephysicalstandbystrategy.Youshouldkeepaneyeonnetwork
stabilityandperformance.WhileitispossibletouseOracle’scross-platformphysicalstandbyfeaturefor
low-downtimemigrationsbetweensomeplatforms,youhavenoopportunitytodosuchmigrations
acrossplatformswithdifferentbyteorder(endianorientation).TherearealsosomeOracleversion
specificlimitations,readmorefromMyOracleSupportnote413484.1“Data Guard Support for 
Heterogeneous Primary and Physical Standbys in Same Data Guard Configuration”.Ifalow-downtime
migrationbetweenincompatibleplatformsisrequired,thenyoushouldconsidertheLogicalStandby,
Streams,orGoldenGatestrategies.

ASMRebalance
Thiswasadifficulttopictocover,becauseofthelackofdocumentationavailable.Itisalsofarandaway
themostrestrictive,andpossiblytheslowest,methodofmigratingtoExadata.Sowhydoesitmerit
inclusioninthischapter?Itisoneofthemostinterestingtopicsinthischapter.TheASMRebalance
strategyutilizesASM’sbuilt-inrebalancingfeaturetoliterallyshift,block-by-block,offofcurrentstorage
andontoExadata’shighperformancestoragecellhardwarewithzerodowntimetothedatabase.Howis
thispossible?Beforewegettothatlet’stakealookattherestrictionsforthismigrationstrategy.

• TheplatformmustbeOEL564bit(RHELrelease5limitedsupport).

• Thedatabaseversionmustbelatestpatchreleaseof11gR1orhigher(latest11gR2
isbest).

• TheremustbecurrentdriversforOracleRDS/OpenFabricsEnterprise
Distribution(OFED).

• ItmustbeconnectedtotheExadataInfiniBandswitch

OraclerecommendsthefollowingkernelnetworkparametersforRDSsupport:

• net.core.rmem_default=4194304
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• net.core.wmem_default=262144

• net.core.rmem_max=4194304

• net.core.wmem_max=2097152

• net.ipv4.ip_local_port_range=900065500

Sohowdoesitwork?Basically,onceallplatformhardwareandsoftwarerequirementsaremet,the
followingstepsallowyourcurrentproductionsystemtojointheExadatastoragenetworkandgain
accesstothestoragecells:

1. Afamiliarpre-migrationtaskistoconfiguretheinit.ora,passwordandoratab
filesonExadatatoallowyoutostartupyourdatabaseonExadata.

2. ConfiguretheIBnetworkdevice,givingitanIPaddressontheExadatastorage
network.

3. Createthecellinit.orafilewithonelinecontainingtheIPaddressand
networkmaskforserveronthestoragenetwork:

> cat /etc/oracle/cell/network-config/cellinit.ora 
ipaddress1=192.168.12.10/24 

4. Createacellip.orafilecontainingtheaddressesforeachofthestoragecells:

> cat cellip.ora 
cell="192.168.12.3" 
cell="192.168.12.4" 
cell="192.168.12.5" 

5. BringtheInfiniBanddeviceonline:

ifconfig ib0 up 
 
ib  0     Link encap:InfiniBand  HWaddr 
80:00:00:48:FE:80:00:00:00:00:00:00:00:00:00:00:00:00:00:00 
          inet addr:192.168.12.10  Bcast:192.168.12.255  Mask:255.255.255.0 
          inet6 addr: fe80::221:2800:13e:eb47/64 Scope:Link 
<lines omitted>  

6. AtthispointifeverythingisworkingyoushouldbeabletoseetheExadata
disksbyrunningthecommandfromtheoracleuseraccount:kfoddisk=all

[enkdb01:oracle:EXDB1] /home/oracle 
> kfod disk=all 
[enkdb01:oracle:EXDB1] /home/oracle 
> kfod disk=all 
-------------------------------------------------------------------------------- 
 Disk          Size Path                                     User     Group 
================================================================================ 
   1:    1313600 Mb o/192.168.12.3/DATA_CD_00_cell01         <unknown> <unknown> 
<lines omitted>  
 29:      93456 Mb o/192.168.12.3/RECO_CD_00_cell01         <unknown> <unknown> 
<lines omitted>  
  41:     469136 Mb o/192.168.12.3/STAGE_CD_00_cell01        <unknown> <unknown> 
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<lines omitted>  
  53:        336 Mb o/192.168.12.3/SYSTEM_CD_00_cell01       <unknown> <unknown> 
<lines omitted>  
  65:    1313600 Mb o/192.168.12.4/DATA_CD_00_cell02         <unknown> <unknown> 
<lines omitted>  
  93:      93456 Mb o/192.168.12.4/RECO_CD_00_cell02         <unknown> <unknown> 
<lines omitted>  
 105:     469136 Mb o/192.168.12.4/STAGE_CD_00_cell02        <unknown> <unknown> 
<lines omitted>  
 117:        336 Mb o/192.168.12.4/SYSTEM_CD_00_cell02       <unknown> <unknown> 
<lines omitted>  
 129:    1313600 Mb o/192.168.12.5/DATA_CD_00_cell03         <unknown> <unknown> 
<lines omitted>  
 157:      93456 Mb o/192.168.12.5/RECO_CD_00_cell03         <unknown> <unknown> 
<lines omitted>  
 169:     469136 Mb o/192.168.12.5/STAGE_CD_00_cell03        <unknown> <unknown> 
<lines omitted>  
 181:        336 Mb o/192.168.12.5/SYSTEM_CD_00_cell03       <unknown> <unknown> 
<lines omitted>  
-------------------------------------------------------------------------------- 
ORACLE_SID ORACLE_HOME 
================================================================================ 
 
     +ASM1 /u01/app/11.2.0/grid 
     +ASM2 /u01/app/11.2.0/grid 

7. Onceconnectivityisestablishedbetweentheserverandthestoragecells,the
ASMinstanceonthedatabaseservershouldbeabletoaddExadatagriddisks
toitscurrentASMdiskgroupdiskgroupsusingthealter disk group add disk 
… REBALANCE POWER 5 nowaitcommand.Whenthegriddisksareaddedtothe
currentdiskgroups,ASMwillbeginrebalancingdataontothenewdisksata
ratedeterminedbythepower nparameteroftheadd diskcommand.Apower
rangeof1–11representsthenumberofrebalanceprocessesthatwill
participateintheoperation.Nowaitcausesthecommandtoreturnyoutothe
promptratherthanhanginguntiltheoperationiscomplete.

8. Youcanseethecurrentstatusoftherebalanceoperationbyqueryingthe
v$asm_operationviewfromSQL*Plus(connectedtotheASMinstance).

9. Aftertherebalanceiscomplete,theolddiskscanberemovedfromthedisk
groupsusingthealter disk group drop disk … power 5 nowaitcommand.
Anotherdiskgrouprebalancewillbeginmovingtheremainingdataoffofthe
olddisksandontotheExadatastoragegriddisks.

10. OncealldatahasbeenmigratedontoExadatastorage,thedatabaseisshut
downandrestartedonExadata.Beforerestartingthedatabase,usethis
opportunitytoupgradethediskgroupdiskgroupsfromversion11.1to11.2if
necessary.

11. Post-migrationtasksmustbeperformedtoaddthedatabasetotheCluster
ReadyServicesconfiguration.
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When to Use ASM Rebalance 

ASMRebalanceisanexcellentwayofleveragingASM’sbuilt-infeaturestomigrateyourdatabasewith
nearzerodowntime.ItisnotthefastestwaytomigratetoExadata,andtherearealotofverystrict
configurationrequirements,butoncethesystemisconfiguredthemigrationisfairlyautomated.Itis
probablythemostreliableanderrorfreemethodformigratingyourdatabasetoExadata.

What to Watch Out for when Using the ASM Rebalance Strategy 

Thisstrategyisnotwellusedorwelldocumented.Anditisnotforthefaintofheart(andcertainlynotfor
theinexperiencedsystemadministrator).ItrequiresstrongsystemadministrationskillsandsolidLinux
systemsexperience.Someofthepreliminarysteps,suchasinstallingandconfiguringtheInfiniBand
cardandproperRDS/OFEDdrivers,canbedisruptivetoproductionuptimerequirements.Thismethod
doesnotcreateacopyofyourdatabase.Itmigratesyourcurrentdatabaseatthestoragelevel.Assuch,
storagelayoutchangeslikeextentsizing,partitioning,andHCCcompressionmustbedonepost-
migration.AdownsidetotheASMrebalancemethodisthatASMAllocationUnits(AUs)cannotbe
changedafterthediskgroupiscreated.Exadataismoreefficientatscanning4MBAUs,soifyourdisk
groupswereconfiguredwith1MBAUs,youwouldeventuallywanttocreatenewdiskgroupsinExadata
with4MBAUsizesandmigrateyourdatabasetothem.

Post-MigrationTasks
BecauseASMrebalancemakesnochangestothedatabase,taskslikeresizingextents,partitioninglarge
tables,andcompressingtableswillallhavetobedonepost-migration.Thiscanbeasubstantialtaskthat
takesanywherefromseveraldaystoseveralweekstocomplete.Forallphysicalmigrationstrategies
exceptTTS,youwillneedtoperformsomepost-migrationstepstoaddthedatabaseintotheCluster
ReadyServicesconfiguration.ThereisnothingExadata-specifictothisprocess(otherthanconnectingto
thestoragecells),itisthesameasforany11gR2database.Theprocessiswelldocumentedand
examplesareeasytofind,sowewon’tgointothedetailshere,butthebasicstepsareasfollows:

1. Setthefollowinginstanceparametersinthespfile:

• *.cluster_database=true 

• *.cluster_database_instances=2 

• NEW_PROD1.instance_name=NEW_PROD1 

• NEW_PROD2.instance_name=NEW_PROD2 

• NEW_PROD1.instance_number=1 

• NEW_PROD2.instance_number=2 

• NEW_PROD1.thread=1 

• NEW_PROD2.thread=2 

• NEW_PROD1.undo_tablespace=undo_tbs1 

• NEW_PROD2.undo_tablespace=undo_tbs2 
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2. InstalltheRACsystemobjectsbyrunningthecatclust.sqlscriptasthesys
user.

3. RegisterthenewdatabasewithClusterReadyServices(CRS):

a. Registerthedatabase.

b. Registertheinstances.

c. CreateServiceNamesforthedatabase.

4. Createanadditionalredothreadforeachinstance.Notethatthread1is
alreadyactiveforthefirstinstance.

5. CreateanUndotablespaceforeachdatabaseinstance.Notethatonealready
existsforthefirstinstance.

WrapUpPhysicalMigrationSection
Physicalmigrationmayprovetobeaneasymigrationoptionifyourapplicationschemaiscomplex
enoughthatyoudon’twanttotakeanylogicalpath.Also,physicalmigrationcanpotentiallybedone
withverylowdowntime,byrestoringaproductioncopytotheExadatadatabaseasaphysicalstandby
databaseandapplyingproductionarchivelogsuntilit’stimetoswitchoverandmakestandbythenew
productiondatabase.Howeverthisapproachcannotbeusedbetweenplatformswithdifferent
endiannessandthereareafewmoreOracleversionspecificrestrictions.

Dealing with Old init.ora Parameters 

WhenmigratingfromanolderversionofOracle,youmightbetemptedtokeepalltheold
(undocumented)init.oraparametersfor“tuning”or“stability”.ThefactisthatOraclehasverygood
defaultvaluesforitsparameterssince10g,especiallysoin11.2;whichlikelyrunsonyourExadata
cluster.Whateverproblemsweresolvedbysettingtheseundocumentedparametersyearsago,are
probablyfixedinthedatabasecodealready.Also,movingtoExadatabringsamuchbiggerchangethan
anyparameteradjustmentcanintroduce,sothestabilitypointisalsomoot.Assuch,it’srecommended
nottocarryoveranyundocumentedparametersfromtheolddatabases,unlessyourapplication(like
OracleSiebel,SAP)documentationclearlystatesitasarequirement.

Also,therearesomedocumentedparameterswhichshouldbeunsetwhenmigratingtoOracle11.2,
toallowOracletopickappropriatevaluesautomatically:

db_file_multiblock_read_count:Thisparametershouldbeunset,asstartingfrom
Oracle10.2thedatabasecanpicktheappropriatevaluesforitautomatically.In
fact,thiswaythereactuallytwodifferentmultiblockreadcountparametersused
inOracle,oneforcostingandoneforexecution.Thisarrangementgenerally
worksbetterthanleavingtheparametersettosomearbitraryvaluewhichaffects
boththecostingandtheexecution.

• parallel_execution_message_size:ifyouhavetunedthisparameterinpast(to
reducePXQreflatchcontentionorparallelmessagingoverhead)thenyoucan
unsetit,asthedefaultvalueforthisparameteris16kBstartingfromOracle11.2
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Planning VLDB Migration Downtime 

Whenyouareestimatingthedowntimeordatamigrationtime,youshouldonlyrelyonactual
measurementsinyourenvironment,withyourdata,yournetworkconnection,databasesettingsand
compressionoptions.Whileitispossibletoloadrawdatatoafullrackat5TB/hour(ExadataV2)oreven
10TB/hour(ExadataX2-2),youprobablywon’tgetsuchloadingspeedswhenthetargettablesare
compressedwithARCHIVEorQUERY HIGH.Nomatterwhichnumbersyoufindfromthisbookorofficial
specs,youwillhavetotesteverythingoutyourself,endtoend.Therearesometemporaryworkarounds
forimprovingloadingrates,forexample,ifyouhaveenoughdiskspace,youcanfirstloadtonon-
compressedorEHCC QUERY LOW-compressedtablesduringthedowntimewindowandoncein
productionrecompressindividualpartitionswithhighercompressionrates.

Summary 
Inthislengthychapterwelookedintothewiderangeoftoolsavailableformigratingyourdatato
Exadata.Youshouldchoosethesimplestapproachyoucanasthisreducesriskandcanalsosaveyour
owntime.WerecommendyouevaluateDataPumpfirst,asitcantransferthewholedatabaseor
schema.AnditcandothejobfastandisevenflexiblewhenyouwanttoadjusttheobjectDDLmetadata
intheprocess.Often,however,thisapproachisnotfastenoughorrequirestoomuchtemporarydisk
space.Italldependsonhowmuchdatayouhavetotransferandhowmuchdowntimeyouareallowed.
WhenmovingVLDBsthataretensorevenhundredsofterabytesinsize,youmayhavetogetcreative
anduselessstraightforwardapproacheslikedatabaselinks,copyingread-onlydatainadvance,or
perhapsdoingacompletelyincrementalmigrationusingoneofthereplicationapproaches.

Everyenterprise’sdatabaseenvironmentsandbusinessrequirementsaredifferent,butyoucanuse
themethodsexplainedinthischapterasbuildingblocks.Youmayneedtocombinemultipletechniques
ifthemigrateddatabaseisverylargeandthealloweddowntimeissmall.Nomatterwhichtechniques
youuse,themostimportantthingtorememberistotesteverything,thewholemigrationprocessfrom
endtoend.Youwilllikelyfindandfixmanyproblemsinadvancethankstosystematictesting.Good
luck!
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Storage Layout 

InOracle10gR1,OracleintroducedAutomaticStorageManagement(ASM)andchangedthewaywe
thinkofmanagingdatabasestorage.ExadataistightlyintegratedwithASMandprovidestheunderlying
disksthathavetraditionallybeenpresentedtoASMbytheoperatingsystem.Lookingatallthevarious
intricaciesofcellstoragecanbealittledauntingatfirst.Thereareseverallayersofabstractionbetween
physicaldisksandtheASMdiskgroupsmanyDBAsarefamiliarwith.Ifyou’veneverworkedwith
Oracle’sASMproducttherewillbealotofnewtermsandconceptstounderstandthereaswell.In
Chapter8wediscussedtheunderlyinglayersofExadatastoragefromthephysicaldisksupthroughthe
celldisklayer.ThischapterwillpickupwhereChapter8leftoff,anddiscusshowcelldisksareusedto
creategriddisksforASMstorage.We’llbrieflydiscusstheunderlyingdiskarchitectureofthestoragecell
andhowLinuxpresentsphysicaldiskstotheapplicationlayer.Fromthere,we’lltakealookatthe
optionsforcarvingupandpresentingExadatagriddiskstothedatabasetier.TheapproachOracle
recommendsistocreateafewlarge“pools”ofdisksacrossallstoragecells.Whilethisapproach
generallyworkswellfromaperformancestandpoint,therearereasonstoconsideralternativestrategies.
Sometimes,isolatingasetofstoragecellstoformaseparatestoragegridisdesirable.Thisprovides
separationfrommorecriticalsystemswithintheExadataenclosuresothatpatchesmaybeinstalledand
testedbeforetheyareimplementedinproduction.Alongthewaywe’lltakealookathowASMprovides
faultresiliencyandstoragevirtualizationtodatabases.Lastly,we’lltakealookathowstoragesecurityis
implementedonExadata.Thestoragecellisahighlyperformant,highlycomplex,andhighly
configurableblendofhardwareandsoftware.Thischapterwilltakeacloselookathowallthevarious
piecesworktogethertoprovideflexible,high-performancestoragetoOracledatabases.

Exadata Disk Architecture 
WhenLinuxbootsupitrunsascantoidentifydisksattachedtotheserver.Whenadiskisfound,theO/S
determinesthedevicedriverneededandcreatesablockdevicecalledaLUNforapplicationaccess.
Whileitispossibleforapplicationstoreadandwritedirectlytotheseblockdevices,itisnotacommon
practice.Doingsosubjectstheapplicationtochangesthatarecomplicatedtodealwith.Forexample,
becausedevicenamesaredynamicallygeneratedonbootup,addingorreplacingadiskcancauseallof
thediskdevicenamestochange.ASManddatabasesneedfilepermissionstobesetthatwillallow
read/writeaccesstothesedevicesaswell.InearlierreleasesofASMthiswasmanagedbythesystem
administratorthroughtheuseofnativeLinuxcommandslikerawandudev.Exadatashieldssystem
administratorsandDBAsfromthesecomplexitiesthroughvariouslayersofabstraction.Celldisks
providethefirstabstractionlayerforLUNs.CelldisksareusedbycellsrvtomanageI/Oresourcesat
thestoragecell.Griddisksarethenextlayerofabstractionandarethediskdevicespresentedtothe
databaseserversasASMDisks.Figure14-1showshowcelldisksandgriddisksfitintotheoverallstorage
architectureofanExadatastoragecell.
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Figure 14-1. The relationship between physical disks and grid disks 

WiththeintroductionofASM,Oracleprovidedawaytocombinemanyphysicaldisksintoasingle
storagevolumecalledadisk group.DiskgroupsaretheASMreplacementfortraditionalfilesystemsand
areusedtoimplementOracle’sSAME(StripeandMirrorEverything)methodologyforoptimizingdisk
performance.Asthenameimplies,thegoalofSAMEistospreadI/Oevenlyacrossallphysicaldisksin
thestoragearray.Virtualizingstorageinthiswayallowsmultipledatabasestosharethesamephysical
disks.Italsoallowsphysicaldiskstobeaddedorremovedwithoutinterruptingdatabaseoperations.Ifa
diskmustberemoved,ASMautomaticallymigratesitsdatatotheotherdisksinthediskgroupbeforeit
isdropped.Whenadiskisaddedtoadiskgroup,ASMautomaticallyrebalancesdatafromotherdisks
ontothenewdisk.InaverybasicASMconfiguration,LUNsarepresentedtoASMasASMdisks.ASM
disksarethenusedtocreatediskgroups,whichinturnareusedtostoredatabasefilessuchasdatafiles,
controlfiles,andonlineredologs.TheLinuxoperatingsystempresentsLUNstoASMasnativeblock
devicessuchas/dev/sda1.ExadatavirtualizesphysicalstoragethroughtheuseofgriddisksandASM
diskgroups.Griddisksareusedforcarvingupcelldiskssimilartothewaypartitionsareusedtocarveup
physicaldiskdrives.Figure14-2showstherelationshipbetweencelldisks,griddisks,andASMdisk
groups.

Cell Disk 1

ASM Disk Group

Grid Disk 1

Grid Disk 2

Grid Disk 3

Grid Disk n

Grid Disks 1-n



Figure 14-2. ASM disk group with its underlying grid disks, and cell disks 
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FailureGroups
Beforewetalkinmoredetailaboutgriddisks,let’stakeabriefdetourandtalkabouthowdisk
redundancyishandledintheASMarchitecture.ASMusesredundantsetsofASMdiskscalledfailure
groupstoprovidemirroring.TraditionalRAID0mirroringmaintainsablock-for-blockduplicateofthe
originaldisk.ASMfailuregroupsprovideredundancybyassigningASMdiskstofailuregroupsand
guaranteeingthattheoriginalandmirrorcopyofablockdonotresidewithinthesamefailuregroup.It
iscriticallyimportanttoseparatephysicaldisksintoseparatefailuregroups.Exadatadoesthisby
assigningthegriddisksfromeachstoragecelltoaseparatefailuregroups.Forexample,thefollowing
listingshowsthefailgroupsandgriddisksforstoragecells1-3.Asthenamesimply,thesefailgroups
correspondtostoragecells1–3.ThesefailgroupswerecreatedandnamedautomaticallybyASMwhen
thegriddiskswerecreated.

SYS:+ASM2> select failgroup, name from v$asm_disk order by 1,2 
 
FAILGROUP   NAME                
----------- ---------------------- 
CELL01      DATA_DG_CD_00_CELL01 
CELL01      DATA_DG CD_01_CELL01 
CELL01      DATA_DG CD_02_CELL01 
CELL01      DATA_DG CD_03_CELL01 
... 
CELL02      DATA_DG CD_00_CELL02 
CELL02      DATA_DG CD_01_CELL02 
CELL02      DATA_DG CD_02_CELL02 
CELL02      DATA_DG CD_03_CELL02 
... 
CELL03      DATA_DG CD_00_CELL03 
CELL03      DATA_DG CD_01_CELL03 
CELL03      DATA_DG CD_02_CELL03 
CELL03      DATA_DG CD_03_CELL03 

Figure14-3showstherelationshipbetweentheDATA_DGdiskgroupandthefailuregroups,CELL01,
CELL02,andCELL03.Notethatthisdoesnotindicatewhichlevelofredundancyisbeingused,onlythat
theDATA_DGdiskgrouphasitsdataallocatedacrossthreefailuregroups.
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Figure 14-3. ASM failure groups CELL01 – CELL03 

TherearethreetypesofredundancyinASM:External,Normal,andHigh.

External Redundancy:NoredundancyisprovidedbyASM.Itisassumedthat
thestoragearray,usuallyaSAN,isprovidingadequateredundancy;inmost
casesRAID0,RAID10,orRAID5.Thishasbecomethemostcommonmethod
wherelargestorageareanetworksareusedforASMstorage.IntheExadata
storagegrid,ASMprovidestheonlymechanismformirroring.IfExternal
Redundancywereused,thelossofasinglediskdrivewouldmeana
catastrophiclossofallASMdiskgroupsusingthatdisk.Italsomeansthateven
thetemporarylossofastoragecell(reboot,crash,orthelike)wouldmakeall
diskgroupsusingstorageonthefailedcellunavailableforthedurationofthe
outage.

Normal Redundancy:NormalRedundancymaintainstwocopiesofdatablocks
inseparatefailuregroups.Databaseswillalwaysattempttoreadfromthe
primarycopyofadatablockfirst.Secondarycopiesareonlyreadwhenthe
primaryblocksareunavailable.Atleasttwofailuregroupsarerequiredfor
NormalRedundancy,butmanymorethanthatmaybeused.Forexample,an
Exadatafullrackconfigurationhas14storagecells,andeachstoragecell
constitutesafailuregroup.Whendataiswrittentothedatabase,thefailure
groupusedfortheprimarycopyofablockrotatesfromfailuregrouptofailure
groupinaround-robinfashion.Thisensuresthatdisksinallfailuregroups
participateinreadoperations.

High Redundancy:HighRedundancyissimilartoNormalRedundancyexcept
thatthreecopiesofdatablocksaremaintainedinseparatefailuregroups.
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GridDisks
Griddisksarecreatedwithincelldisks,whichyoumayrecallaremadeupofphysicaldisksandFlash
Cachemodules.Inasimpleconfigurationonegriddiskcanbecreatedpercelldisk.Morecomplex
configurationshavemultiplegriddiskspercelldisk.TheCellCLIcommand,list griddiskdisplaysthe
variouscharacteristicsofgriddisks.Forexample,thefollowingoutputshowstherelationshipbetween
griddisksandcelldisks,thetypeofdeviceonwhichtheyarecreated,andtheirsize.

 [enkcel03:root] root 
> cellcli 
CellCLI: Release 11.2.1.3.1 - Production on Sat Oct 23 17:23:32 CDT 2010 
 
Copyright (c) 2007, 2009, Oracle.  All rights reserved. 
Cell Efficiency Ratio: 20M 
 
CellCLI> list griddisk attributes name, celldisk, disktype, size 
         DATA_CD_00_cell03       CD_00_cell03    HardDisk        1282.8125G 
         DATA_CD_01_cell03       CD_01_cell03    HardDisk        1282.8125G 
   … 
         FLASH_FD_00_cell03      FD_00_cell03    FlashDisk       4.078125G 
         FLASH_FD_01_cell03      FD_01_cell03    FlashDisk       4.078125G 
   … 

ASMdoesn’tknowanythingaboutphysicaldisksorcelldisks.Griddisksarewhatthestoragecell
presentstothedatabaseservers(asASMdisks)tobeusedforClusterwareanddatabasestorage.ASM
usesgriddiskstocreatediskgroupsinthesamewayconventionalblockdevicesareusedonanon-
Exadataplatform.Toillustratethis,thefollowingqueryshowswhatASMdiskslooklikeonanon-
Exadatasystem.

SYS:+ASM1> select path, total_mb, failgroup 
             from v$asm_disk 
            order by failgroup, group_number, path; 
 
PATH              TOTAL_MB FAILGROUP 
--------------- ---------- ------------------------------ 
/dev/sdd1            11444 DATA01 
/dev/sde1            11444 DATA02 
… 
/dev/sdj1             3816 RECO01 
/dev/sdk1             3816 RECO02 
… 

ThesamequeryonExadatareportsgriddisksthathavebeencreatedatthestoragecell.

SYS:+ASM1> select path, total_mb, failgroup 
             from v$asm_disk 
            order by failgroup, group_number, path; 
 
PATH                                        TOTAL_MB FAILGROUP 
---------------------------------------- ----------- ------------------------ 
o/192.168.12.3/DATA_CD_00_cell01             1313600 CELL01 
o/192.168.12.3/DATA_CD_01_cell01             1313600 CELL01 
o/192.168.12.3/DATA_CD_02_cell01             1313600 CELL01 
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… 
o/192.168.12.3/RECO_CD_00_cell01               93456 CELL01 
o/192.168.12.3/RECO_CD_01_cell01               93456 CELL01 
o/192.168.12.3/RECO_CD_02_cell01              123264 CELL01 
… 
o/192.168.12.4/DATA_CD_00_cell02             1313600 CELL02 
o/192.168.12.4/DATA_CD_01_cell02             1313600 CELL02 
o/192.168.12.4/DATA_CD_02_cell02             1313600 CELL02 
… 
o/192.168.12.4/RECO_CD_00_cell02               93456 CELL02 
o/192.168.12.4/RECO_CD_01_cell02               93456 CELL02 
o/192.168.12.4/RECO_CD_02_cell02              123264 CELL02 
… 
o/192.168.12.5/DATA_CD_00_cell03             1313600 CELL03 
o/192.168.12.5/DATA_CD_01_cell03             1313600 CELL03 
o/192.168.12.5/DATA_CD_02_cell03             1313600 CELL03 
… 
o/192.168.12.5/RECO_CD_00_cell03               93456 CELL03 
o/192.168.12.5/RECO_CD_01_cell03               93456 CELL03 
o/192.168.12.5/RECO_CD_02_cell03              123264 CELL03 
… 

Tyingitalltogether,Figure14-4showshowthelayersofstoragefittogether,fromthestoragecellto
theASMdiskgroup.Note,thattheLinuxO/Spartitionsonthefirsttwocelldisksineachstoragecellare
identifiedbyadottedline.We’lltalkalittlemoreabouttheO/Spartitionslaterinthechapter,andin
muchmoredetailinChapter8.
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Figure 14-4. Storage virtualization on Exadata 

StorageAllocation
Diskdrivesstoredatainconcentricbandscalledtracks.Becausetheoutertracksofadiskhavemore
surfacearea,theyareabletostoremoredatathantheinnertracks.Asaresult,datatransferratesare
higherfortheoutertracksanddeclineslightlyasyoumovetowardtheinnermosttrack.Figure14-5
showshowtracksarelaidoutacrossthedisksurfacefromfastesttoslowest.
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Fastest Track

Slowest Track 

Figure 14-5. Disk tracks 

Exadataprovidestwopoliciesforallocatinggriddiskstorageacrossthesurfaceofdiskdrives.The
firstmethodisthedefaultbehaviorforallocatingspaceoncelldisks.Ithasnoofficialname,sofor
purposesofthisdiscussionI’llrefertoitasthedefault policy.TheotherallocationpolicyOraclecalls
interleaving.Thesetwoallocationpoliciesaredeterminedwhenthecelldisksarecreated.Interleaving
mustbeexplicitlyenabledusingtheinterleavingparameterofthecreate celldiskcommand.Fora
completediscussiononcreatingcelldisksrefertochapter8.

Fastest Available Tracks First 

Thedefaultpolicysimplyallocatesspacestartingwiththefastestavailabletracksfirst,movinginwardas
spaceisconsumed.Usingthispolicy,thefirstgriddiskcreatedoneachcelldiskwillbegiventhefastest
storage,whilethelastgriddiskcreatedwillberelegatedtotheslower,innertracksofthedisksurface.
Whenplanningyourstoragegrid,rememberthatgriddisksarethebuildingblocksforASMdiskgroups.
Thesediskgroupswillinturnbeusedtostoretables,indexes,onlineredologs,archivedredologs,and
soon.Tomaximizedatabaseperformance,frequentlyaccessedobjects(suchastables,indexes,and
onlineredologs)shouldbestoredinthehighestprioritygriddisks.Lowprioritygriddisksshouldbe
usedforlessperformancesensitiveobjectssuchasdatabasebackups,archivedredologs,andflashback
logs.Figure14-6showshowgriddisksareallocatedusingthedefaultallocationpolicy.
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Figure 14-6. The default allocation policy 

Table14-1showstheperformanceeffectontheASMdiskgroupsfromthefirsttothelastgriddisk
createdwhenusingthedefaultallocationpolicy.Youwon’tfindtheterm“I/OPerformanceRating”in
theOracledocumentation.It’satermI’mcoiningheretodescribetherelativeperformancecapabilities
ofeachdiskgroupduetoitslocationonthesurfaceofthephysicaldiskdrive. 

Table 14-1. I/O Performance – Default Allocation Policy 

ASM Disk Group I/O Performance Rating 

DATA_DG 1

RECO_DG 2

STAGE_DG 3

Fourthdiskgroup 4

SYSTEM_DG 5

Interleaving 

Theotherpolicy,interleaving,attemptstoevenoutperformanceofthefasterandslowertracksby
allocatingspaceinanalternatingfashionbetweentheslowerandfastertracksofthedisks.Thisisdone
bysplittingeachcelldiskintotworegions,anouterregionandaninnerregion.Griddisksareslicesof
celldisksthatwillbeusedtocreateASMdiskgroups.Forexample,thefollowingcommandcreates12
griddisks(oneperphysicaldisk;seeFigure14-4)onCell03tobeusedfortheDATA_DGdiskgroup:
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CellCLI> CREATE GRIDDISK ALL HARDDISK PREFIX=DATA_DG, size=744.6813G 

ThesegriddiskswereusedtocreatethefollowingDATA_DGdiskgroup.Noticehoweachgriddisk
wascreatedonaseparatecelldisk:

SYS:+ASM2> select dg.name diskgroup,  
                  substr(d.name, 6,12) cell_disk,  
                  d.name grid_disk 
             from v$asm_diskgroup dg, 
                  v$asm_disk d 
            where dg.group_number = d.group_number 
              and dg.name ='DATA' 
              and failgroup = 'CELL03' 
            order by 1,2; 
 
DISKGROUP   CELL_DISK     GRID_DISK 
----------  ------------  --------------------- 
DATA_DG     CD_00_CELL03  DATA_DG_CD_00_CELL03 
DATA_DG     CD_01_CELL03  DATA_DG_CD_01_CELL03 
DATA_DG     CD_02_CELL03  DATA_DG_CD_02_CELL03 
DATA_DG     CD_03_CELL03  DATA_DG_CD_03_CELL03 
… 
DATA_DG     CD_10_CELL03  DATA_DG_CD_10_CELL03 
DATA_DG     CD_11_CELL03  DATA_DG_CD_11_CELL03 

Usinginterleavinginthisexample,DATA_DG_CD_00_CELL03(thefirstgriddisk)isallocatedtotheouter
mosttracksoftheouter(fastest)regionoftheCD_00_CELL03celldisk.Thenextgriddisk,
DATA_DG_CD_01_CELL03,iscreatedontheoutermosttracksoftheslower,innerregionofcelldisk
CD_01_CELL03.Thispatterncontinuesuntilall12griddisksareallocated.Whenthenextsetofgriddisks
iscreatedfortheRECO_DGdiskgroup,theystartwiththeinnerregionofcelldisk1andalternatefrom
innertoouterregionuntilall12griddisksarecreated.Figure14-7showshowtheinterleavingpolicy
wouldlookiftwogriddiskgroupswerecreated.

Cell Disk 2

Cell Disk 3

Cell Disk 1

Second Disk Group
(RECO_DG)

First Disk Group
(DATA_DG)

Outer Region
(faster)

Inner Region
(slower)

Figure 14-7. The interleaving allocation policy 
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Table14-2showstheperformanceeffectontheASMdiskgroupsfromthefirsttothelastgriddisk
createdwhentheinterleavingallocationpolicyisused.

Table 14-2. I/O Performance – Interleaving Policy 

ASM Disk Group I/O Performance Rating 

DATA_DG 1

RECO_DG 1

SYSTEM_DG 2

Fourthdiskgroup 2

Fifthdiskgroup 3


Asyoucansee,themaindifferencebetweenthedefaultpolicyandtheinterleavingpolicyisthat

defaultprovidesfiner-grainedcontroloverASMdisks.Withthedefaultpolicyyouhavetheabilityto
choosewhichsetofgriddiskswillbegiventheabsolutefastestpositiononthedisk.Theinterleaving
policyhastheeffectofeveningouttheperformanceofgriddisks.Inpractice,thisgivesthefirsttwosets
ofgriddisks(forDATA_DGandRECO_DG)thesameperformancecharacteristics.Thismaybeusefulifthe
performancedemandsofthefirsttwodiskgroupsareequal.Inourexperiencethisisrarelythecase.
Usuallythereisaclearwinnerwhenitcomestotheperformancedemandsofadatabaseenvironment.
Tables,indexes,onlineredologs(theDATA_DGdiskgroup)havemuchhigherperformancerequirements
thandatabasebackups,archivedredologs,andflashbacklogs,whichareusuallystoredintheRECOdisk
group.Unlesstherearespecificreasonsforusinginterleaving,werecommendusingthedefaultpolicy.

Creating Grid Disks 
Beforewerunthroughafewexamplesofhowtocreategriddisks,let’stakeaquicklookatsomeoftheir
keyattributes:

• Multiplegriddisksmaybecreatedonasinglecelldisk,butagriddiskmaynotspan
multiplecelldisks.

• Storageforgriddisksisallocatedin16MAllocationUnits(AUs)andisroundeddown
ifthesizerequestedisnotamultipleoftheAUsize.

• Griddisksmaybecreatedoneatatimeoringroupswithacommonnameprefix.

• Griddisknamesmustbeuniquewithinastoragecellandshouldbeuniqueacrossall
storagecells.

• Griddisknamesshouldincludethenameofthecelldiskonwhichtheyreside.

Onceagriddiskiscreated,itsnameisvisiblefromASMintheV$ASM_DISKview.Inotherwords,grid
disks=ASMdisks.Itisveryimportanttonamegriddisksinsuchawaythattheycaneasilybeassociated
withthephysicaldisktowhichtheybelongintheeventofdiskfailure.Tofacilitatethis,griddisknames
shouldincludebothofthefollowing:
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• ThenameoftheASMdiskgroupforwhichitwillbeused

• Thecelldiskname(whichincludesthenameofthestoragecell)

Figure14-8showstheproperlyformattednameforagriddiskbelongingtotheTEST_DGdiskgroup,
createdoncelldiskCD_00_cell03.



TEST_DG_CD_00_cell03

Disk Group Cell Disk 

Figure 14-8. Grid disk naming 

CreatingGridDisks
TheCellCLIcommandcreate griddiskisusedtocreategriddisks.Itmaybeusedtocreateindividual
griddisksoneatatimeoringroups.Ifgriddisksarecreatedoneatatime,itisuptoyoutoprovidethe
completegriddiskname.Thefollowingexamplecreatesoneproperlynamed96MBgriddiskoncell
diskCD_00_cell03.Ifwehadomittedthesize=100Mparameter,theresultinggriddiskwouldhave
consumedallfreespaceonthecelldisk.

CellCLI> create griddisk TEST_DG_CD_00_cell03 – 
           celldisk='CD_00_cell03', size=100M  
 
GridDisk TEST_DG_CD_00_cell03 successfully created 
 
CellCLI> list griddisk attributes name, celldisk, size –  
           where name='TEST_DG_CD_00_cell03' 
 
         TEST_DG_CD_00_cell03       CD_00_cell03    96M 

Thereare12drivesperstoragecell,andthenumberofstoragecellsvariesfrom3,foraquarterrack,
to14,forafullrack.Thatmeansyouwillbecreatingaminimumof36griddisksforaquarterrack,and
upto168griddisksforafullrack.Fortunately,CellCLIprovidesawaytocreateallthegriddisksneeded
foragivenASMdiskgroupinonecommand.Forexample,thefollowingcommandcreatesallthegrid
disksfortheASMdiskgroupTEST_DG:

CellCLI> create griddisk all harddisk prefix='TEST', size=100M 
 
GridDisk TEST_CD_00_cell03 successfully created 
GridDisk TEST_CD_01_cell03 successfully created 
… 
GridDisk TEST_CD_10_cell03 successfully created 
GridDisk TEST_CD_11_cell03 successfully created 

Whenthisvariantofthecreate griddiskcommandisused,CellCLIautomaticallycreatesonegrid
diskoneachcelldisk,namingthemwiththeprefixyouprovidedinthefollowingmanner:

{prefix}_{celldisk_name} 

Theoptionalsizeparameterspecifiesthesizeofeachindividualgriddisk.Ifnosizeisprovided,the
resultinggriddiskswillconsumeallremainingfreespaceoftheirrespectivecelldisk.Theall harddisk
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parameterinstructsCellCLItouseonlydisk-basedcelldisks.Justincaseyouarewondering,Flash
Cachemodulesarealsopresentedascelldisks(oftypeFlashDisk)andmaybeusedforcreatinggrid
disksaswell.We’lldiscussflashdiskslateroninthischapter.Thefollowingcommandshowsthegrid
diskscreated.

CellCLI> list griddisk attributes name, cellDisk, diskType, size - 
           where name like 'TEST_.*' 
 
         TEST_CD_00_cell03       FD_00_cell03     HardDisk        96M 
         TEST_CD_01_cell03       FD_01_cell03     HardDisk        96M 
          …                                                        
         TEST_CD_10_cell03       FD_10_cell03     HardDisk        96M 
         TEST_CD_11_cell03       FD_11_cell03     HardDisk        96M 

GridDiskSizing
Aswediscussedearlier,griddisksareequivalenttoASMdisks.Theyareliterallythebuildingblocksof
theASMdiskgroupsyouwillcreate.TheSYSTEM_DGdiskgroupiscreatedwhenExadataisinstalledona
site.ItisprimarilyusedtostoretheOCRandvotingfilesusedbyOracleclusterware(Grid
Infrastructure).However,thereisnoreasonSYSTEM_DGcannotbeusedtostoreotherobjectssuchas
tablespacesfortheDatabaseFileSystem(DBFS).InadditiontotheSYSTEM_DG,(orDBFS_DG)diskgroup,
ExadataisalsodeliveredwithDATAandRECOdiskgroupstobeusedfordatabasefilesandFastRecovery
Areas.Butthesediskgroupsmayactuallybecreatedwithwhatevernamesmakethemostsenseforyour
environment.Forconsistency,thischapterusesthenamesSYSTEM_DG,DATA_DGandRECO_DG.Ifyouare
consideringsomethingotherthanthe“factorydefaults”foryourdiskgroupconfiguration,remember
thatamainreasonforusingmultipleASMdiskgroupsonExadataistoprioritizeI/Operformance.The
firstgriddisksyoucreatewillbethefastest,resultinginhigherperformancefortheassociatedASMdisk
group.

■Note:WhenExadataV2rolledout,SYSTEM_DGwasthediskgroupusedtostoreOCRandvotingfilesforthe
Oracleclusterware.WhenExadataX2wasintroduced,thisdiskgroupwasrenamedtoDBFS_DG,presumably
becausetherewasquiteabitofusablespaceleftoverthatmadeforanicelocationforamoderatelysizedDBFS
filesystem.Also,theotherdefaultdiskgroupnameschangedsomewhatwhenX2cameout.TheExadata
DatabaseMachinenamewasaddedasapostfixtotheDATAandRECOdiskgroupnames.Forexample,the
machinenameforoneofourlabsystemsisENK.SoDATAbecameDATA_ENK,andRECObecameRECO_ENK.

Bytheway,OraclerecommendsyoucreateaseparatedatabaseforDBFSbecauseitrequires
instanceparametersettingsthatwouldnotbeoptimalfortypicalapplicationdatabases.

SomeofthemostcommonASMdiskgroupsare

SYSTEM_DG:Thisdiskgroupisthelocationforclusterware’sOCRandvotingfiles.
Itmayalsobeusedforotherfileswithsimilarperformancerequirements.For
OCRandvotingfiles,normalredundancyistheminimumrequirement.
Normalredundancywillcreate3votingfiles,and3OCRfiles.Thevotingfiles
mustbestoredisseparateASMfailuregroups.RecallthatonExadata,each
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storagecellconstitutesafailuregroup.Thismeansthatonlynormal
redundancymaybeusedforanExadataquarterrackconfiguration(3storage
cells/failuregroups).Onlyinhalfrackandfullrackconfigurations(7or14
storagecells/failuregroups),arethereasufficientnumberoffailuregroupsto
storetherequirednumberofvotingandOCRfilesrequiredbyhigh
redundancy.Table14-3summarizesthestoragerequirementsforOCRand
votingfilesatvariouslevelsofredundancy.NotethatExternalRedundancyis
notsupportedonExadata.We’veincludeditinthetableforreferenceonly.

DATA_DG:Thisdiskgroupisusedforstoringfilesassociatedwiththe
db_create_file_destdatabaseparameter.Theseincludedatafiles,onlineredo
logs,controlfiles,andspfiles.

RECO_DG:ThisdiskgroupiswhatusedtobecalledFlashRecoveryArea(FRA).
Sometimeafter11gR1Oraclerenamedittothe“FastRecoveryArea”;rumorhas
itthattheoveruseof“Flash”wascausingconfusionamongthemarketingteam.
Sotoclarify,thisdiskgroupwillbeusedtostoreeverythingcorrespondingto
thedb_recovery_file_destdatabaseparameter.Itincludesonlinedatabase
backupsandcopies,mirrorcopiesoftheonlineredologfiles,mirrorcopiesof
thecontrolfile,archivedredologs,flashbacklogs,andDataPumpexports.

Table 14-3. OCR & Voting File Storage Requirements 

Redundancy Min # of Disks OCR Voting Total 

External 1 300MB 300MB 600MB

Normal 3 600MB 900MB 1.5GB

High 5 900MB 1.5GB 2.4GB


RecallthatExadatastoragecellsareactuallyfinelytunedLinuxserverswith12internaldiskdrives.

Oraclecouldhavededicatedtwooftheseinternaldiskstoruntheoperatingsystem,butdoingsowould
havewastedalotofspace.Instead,theycarvedoffseveralsmallpartitionsonthefirsttwodisksinthe
enclosure.Thesepartitions,about30GBeach,createaslightimbalanceinthesizeofthecelldisks.This
imbalanceissosmallitdoesn’taffectperformance,butitissomethingthatyouwillhavetoworkwith
whenplanningyourgriddiskallocationstrategy.Figure14-9illustratesthisimbalance.
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Figure 14-9. Cell disk layout 

Thisreservedspacecanbeseenbyrunningfdiskononeofthestoragecells.The/dev/sda3
partitioninthelistingisthelocationofthecelldisk.AllotherpartitionsareusedbytheLinuxoperating
system.

 [enkcel03:root] /root 
> fdisk -lu /dev/sda 
… 
   Device Boot      Start         End      Blocks   Id  System 
/dev/sda1   *          63      240974      120456   fd  Linux raid autodetect 
/dev/sda2          240975      257039        8032+  83  Linux 
/dev/sda3          257040  3843486989  1921614975   83  Linux 
/dev/sda4      3843486990  3904293014    30403012+   f  W95 Ext'd (LBA) 
/dev/sda5      3843487053  3864451814    10482381   fd  Linux raid autodetect 
/dev/sda6      3864451878  3885416639    10482381   fd  Linux raid autodetect 
/dev/sda7      3885416703  3889609604     2096451   fd  Linux raid autodetect 
/dev/sda8      3889609668  3893802569     2096451   fd  Linux raid autodetect 
/dev/sda9      3893802633  3897995534     2096451   fd  Linux raid autodetect 
/dev/sda10     3897995598  3899425319      714861   fd  Linux raid autodetect 
/dev/sda11     3899425383  3904293014     2433816   fd  Linux raid autodetect 

Youcanseethesmallercelldisksinthesizeattributewhenyourunthelist celldiskcommand:

CellCLI> list celldisk attributes name, devicePartition, size – 
           where diskType = 'HardDisk' 
          
         CD_00_cell03    /dev/sda3       1832.59375G  
         CD_01_cell03    /dev/sdb3       1832.59375G  
         CD_02_cell03    /dev/sdc        1861.703125G 
         CD_03_cell03    /dev/sdd        1861.703125G 
         CD_04_cell03    /dev/sde        1861.703125G 
         CD_05_cell03    /dev/sdf        1861.703125G 
         CD_06_cell03    /dev/sdg        1861.703125G 
         CD_07_cell03    /dev/sdh        1861.703125G 
         CD_08_cell03    /dev/sdi        1861.703125G 
         CD_09_cell03    /dev/sdj        1861.703125G 
         CD_10_cell03    /dev/sdk        1861.703125G 
         CD_11_cell03    /dev/sdl        1861.703125G 

Let’stakealookatafairlytypicalconfigurationtoillustratehowgriddisksareallocatedinthe
storagecell.Inthisexamplewe’llcreategriddiskstosupportthreeASMdiskgroups.SYSTEM_DGisfairly
largeandwillbeusedforDBFS(clusteredfilesystemstorage)inadditiontotheOCRandVotingfiles.
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• DATA_DG 

• RECO_DG 

• SYSTEM_DG 

ThisstoragecellisconfiguredwithSATAdisks,sothetotalspaceperstoragecellis21.76terabytes.
Table14-4showswhattheallocationwouldlooklike.Inallcasesthephysicaldisksizeis1,861.703125.
Thesumofthedisksizesisthen22,340.437500.

Table 14-4. I/O Grid Disk Space Allocation (all sizes expressed in gigabytes) 

Cell Disk OS DATA_DG SYSTEM_DG RECO_DG Total Grid Disk Space 

CD_00_cell03 29.109375744. 7 372.340625 715.55 1,832.593750

CD_01_cell03 29.109375744. 7 372.340625 715.55 1,832.593750

CD_02_cell03 744. 7 372.340625 744.6625 1,861.703125

CD_03_cell03 744. 7 372.340625 744.6625 1,861.703125

CD_04_cell03 744. 7 372.340625 744.6625 1,861.703125

CD_05_cell03 744. 7 372.340625 744.6625 1,861.703125

CD_06_cell03 744. 7 372.340625 744.6625 1,861.703125

CD_07_cell03 744. 7 372.340625 744.6625 1,861.703125

CD_08_cell03 744. 7 372.340625 744.6625 1,861.703125

CD_09_cell03 744. 7 372.340625 744.6625 1,861.703125

CD_10_cell03 744. 7 372.340625 744.6625 1,861.703125

CD_11_cell03 744. 7 372.340625 744.6625 1,861.703125

Total Per Cell 58.22 8,936.4 4,468.087500 8,877.73125 22,282.218750 


Creatingaconfigurationlikethisisfairlysimple.Thefollowingcommandscreategriddisks

accordingtotheallocationinTable14-4.

CellCLI> create griddisk all prefix='DATA_DG' size=744.7G 
 
CellCLI> create griddisk all prefix='SYSTEM_DG' size=372.340625G 
CellCLI> create griddisk all prefix='RECO_DG' 
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NoticethatnosizewasspecifiedfortheRECO_DGgriddisks.Whensizeisnotspecified,CellCLI
automaticallycalculatesthesizeforeachgriddisksotheyconsumetheremainingfreespaceonthecell
disk.Forexample:

CellCLI> list griddisk attributes name, size 
         DATA_DG_CD_00_cell03       744.7G 
         DATA_DG_CD_01_cell03       744.7G 
         … 
         RECO_DG_CD_00_cell03       372.340625G 
         RECO_DG_CD_01_cell03       372.340625G 
         … 
         SYSTEM_DG_CD_00_cell03     715.55G 
         SYSTEM_DG_CD_01_cell03     715.55G 
         SYSTEM_DG_CD_02_cell03     744.6625G 
         SYSTEM_DG_CD_03_cell03     744.6625G 
         … 

CreatingFlashDisk-BasedGridDisks
ExadatausesoffloadingfeatureslikeSmartScantoprovidestrikinglyfastI/Ofordirectpathreads
typicallyfoundinDSSdatabases.Thesefeaturesareonlyactivatedforveryspecificdataaccesspathsin
thedatabase.TospeedupI/Operformanceforrandomreads,ExadataV2introducedsolid-statestorage
calledFlash Cache.Eachstoragecellcomesconfiguredwithfour96GFlashCachecards(366Gusable)to
augmentI/Operformanceforfrequentlyaccesseddata.WhenconfiguredasExadataSmartFlashCache,
thesedevicesactlikealarge,database-awarediskcacheforthestoragecell.Wediscussedthisindetail
inChapter5.Optionally,somespacefromtheFlashCachemaybecarvedoutandusedlikehigh-speed,
solid-statedisks.FlashCacheisconfiguredasacelldiskoftypeFlashDisk,andjustasgriddisksare
createdonHardDiskcelldisks,theymayalsobecreatedonFlashDiskcelldisks.WhenFlashDisksare
usedfordatabasestorage,it’sprimarilytoimproveperformanceforhighlywrite-intensiveworkloads
whendisk-basedstoragecannotkeepup.FlashDiskcelldisksmaybeseenusingtheCellCLIlist 
celldiskcommand,asinthefollowingexample:

CellCLI> list celldisk attributes name, diskType, size 
         CD_00_cell03    HardDisk        1832.59375G 
         CD_01_cell03    HardDisk        1832.59375G 
         … 
         FD_00_cell03    FlashDisk       22.875G 
         FD_01_cell03    FlashDisk       22.875G 
         … 
         FD_15_cell03    FlashDisk       22.875G 

FlashDisktypecelldisksarenamedwithaprefixofFDandadiskTypeofFlashDisk.Itisnot
recommendedtouseallofyourFlashCacheforgriddisks.WhencreatingtheFlashCache,usethesize
parametertoholdbacksomespacetobeusedforgriddisks.ThefollowingcommandcreatesaFlash
Cacheof300GB,reserving65GB(4.078125GB×16)forgriddisks:

CellCLI> create flashcache all size=300g 
Flash cache cell03_FLASHCACHE successfully created 

Notethatthecreate flashcachecommandusesthesizeparameterdifferentlythanthecreate 
griddiskcommand.Whencreatingtheflashcache,thesizeparameterdeterminesthetotalsizeofthe
cache.
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CellCLI> list flashcache detail 
         name:                   cell03_FLASHCACHE 
         cellDisk:               FD_11_cell03,FD_03_cell03,FD_07_cell03, … 
         … 
         size:                   300G 
         status:                 normal 
 
CellCLI> list celldisk attributes name, size, freespace – 
        where disktype='FlashDisk' 
         FD_00_cell03    22.875G         4.078125G 
         FD_01_cell03    22.875G         4.078125G 
         … 
         FD_15_cell03    22.875G         4.078125G 

Nowwecancreate16griddisksusingtheremainingfreespaceontheFlashDisks,usingthe
familiarcreate griddiskcommand.Thistimewe’llspecifyflashdiskforthecelldiskstouse:

CellCLI> create griddisk all flashdisk prefix='RAMDISK' 
GridDisk RAMDISK_FD_00_cell03 successfully created 
… 
GridDisk RAMDISK_FD_14_cell03 successfully created 
GridDisk RAMDISK_FD_15_cell03 successfully created 
 
CellCLI> list griddisk attributes name, diskType, size – 
        where disktype='FlashDisk' 
 
         RAMDISK_FD_00_cell03    FlashDisk       4.078125G 
         RAMDISK_FD_01_cell03    FlashDisk       4.078125G 
         … 
         RAMDISK_FD_15_cell03    FlashDisk       4.078125G 

OncethegriddiskshavebeencreatedtheymaybeusedtocreateASMdiskgroupsusedtostore
databaseobjectsjustasyouwouldanyotherdisk-baseddiskgroup.ThebeautyofFlashCache
configurationisthatallthismaybedonewhilethesystemisonlineandservicingI/Orequests.Allofthe
commandswe’vejustusedtodropandreconfiguretheFlashCacheweredonewithouttheneedto
disableorshutdowndatabasesorcellservices.

Storage Strategies 
EachExadatastoragecellisanintelligentmini-SAN,operatingsomewhatindependentlyoftheother
cellsintherack.NowthismaybestretchingthedefinitionofSANalittle,butwiththeCellServer
softwareintelligentlycontrollingI/Oaccesswebelieveitisappropriate.Storagecellsmaybeconfigured
insuchawaythatallCellsintherackprovidestorageforalldatabasesintherack.Thisprovides
maximumI/Operformanceanddatatransferratesforeachdatabaseinthesystem.Storagecellsmay
alsobeconfiguredtoservicespecificdatabaseserversusingthecellip.orafile.Inaddition,cellsecurity
maybeusedtorestrictaccesstospecificdatabasesorASMinstancesthroughuseofstoragerealms.In
thissectionI’lldiscussstrategiesforseparatingcellsintogroupsthatservicecertaindatabaseserversor
RACclusters.ToborrowafamiliartermfromtheSANworld,thisiswherewewilltalkabout“zoning”a
setofstoragecellstoservicedevelopment,test,andproductionenvironments.
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ConfigurationOptions
Exadatarepresentsasubstantialinvestmentformostcompanies.Foronereasonoranother,wefind
thatmanycompanieswanttobuyafullorhalfrackforconsolidatingseveraldatabaseenvironments.
Exadata’sarchitecturemakesitaverygoodconsolidationplatform.Thesearesomeofthemost
commonconfigurationswe’veseen:

• Afullrackservicingdevelopment,test,andproduction

• Afullrackservicingseveral,independentproductionenvironments

• Ahalfrackservicingdevelopmentandtest

• IsolatingascratchenvironmentforDBAtestinganddeployingsoftwarepatches

Foreachoftheseconfigurations,isolatingI/Otospecificdatabaseserversmaybeakey
consideration.Forexample,yourcompanymaybehostingdatabaseenvironmentsforexternalclients
thatrequireseparationfromotherdatabasesystems.Oryourcompanymayhavelegalrequirementsto
separateserveraccesstodata.Anotherreasonforsegmentingstorageatthecelllevelmaybetoprovide
anenvironmentforDBAtraining,ortestingsoftwarepatches.TherearetwowaystoisolateExadata
storagecells,bynetworkaccessandbystoragerealm.

IsolatingStorageCellAccess
RecallthatASMgainsaccesstogriddisksthroughtheInfinibandnetwork.Thisisconfiguredbyadding
theIPaddressofstoragecellsinthecellip.ora file.Forexample,inafullrackconfiguration,all14
storagecellsarelistedasfollows:

[enkdb02:oracle:EXDB2] /home/oracle 
> cat /etc/oracle/cell/network-config/cellip.ora 
cell="192.168.12.9" 
cell="192.168.12.10" 
cell="192.168.12.11" 
cell="192.168.12.12" 
cell="192.168.12.13" 
cell="192.168.12.14" 
cell="192.168.12.15" 
cell="192.168.12.16" 
cell="192.168.12.17" 
cell="192.168.12.18" 
cell="192.168.12.19" 
cell="192.168.12.20" 
cell="192.168.12.21" 
cell="192.168.12.22"  

WhenASMstartsupitinterrogatesthestoragecellsoneachoftheseIPaddressesforgriddisksit
canuseforconfiguringASMdiskgroups.Wecaneasilysegregatestoragecellstoservicespecific
databaseserversbyremovingtheIPaddressofcellsthatshouldnotbeused.Obviouslythisisnot
enforcedbyanykindofsecuritybutitisaneffective,simplewayofpairingupdatabaseserverswiththe
storagecellstheyshoulduseforstorage.Table14-5illustratesaconfigurationthatsplitsafullrackinto
twodatabase,andstoragegrids.Productionisconfiguredwithsixdatabaseserversand11storagecells,
whileTestisconfiguredfortwodatabaseserversandthreestoragecells.
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Table 14-5. A Storage Network Configuration 

Production Database Servers, 1-6 Production Storage Cells, 1-11 

/etc/oracle/cell/network-config/cellip.ora 

cell="192.168.12.9" dm01cel01  192.168.12.9 

cell="192.168.12.10" dm01cel02  192.168.12.10 

cell="192.168.12.11" dm01cel03  192.168.12.11 

cell="192.168.12.12" dm01cel04  192.168.12.12 

cell="192.168.12.13" dm01cel05  192.168.12.13 

cell="192.168.12.14" dm01cel06  192.168.12.14 

cell="192.168.12.15" dm01cel07  192.168.12.15 

cell="192.168.12.16" dm01cel08  192.168.12.16 

cell="192.168.12.17" dm01cel09  192.168.12.17 

cell="192.168.12.18" dm01cel10  192.168.12.18 

cell="192.168.12.19" dm01cel11  192.168.12.19 

Test Database Servers, 7-8 Test Storage Cells, 12-14 

/etc/oracle/cell/network-config/cellip.ora 

cell="192.168.12.20" dm01cel12  192.168.12.20 

cell="192.168.12.21" dm01cel13  192.168.12.21 

cell="192.168.12.22" dm01cel14  192.168.12.22 


Databaseserversandstoragecellscanbepairedinanycombinationthatbestsuitsyourspecific

needs.RememberthattheminimumrequirementsforOracleRAConExadatarequirestwodatabase
serversandthreestoragecells,whichisbasicallyaquarterrackconfiguration.Table14-6showsthe
storageandperformancecapabilitiesofExadatastoragecellsinquarterrack,halfrack,andfullrack
configurations.

IfsomeofyourenvironmentsdonotrequireOracleRAC,thereisnoreasontheycannotbe
configuredwithstandalone(non-RAC)databaseservers.Ifthisisdone,thenaminimumofonestorage
cellmaybeusedtoprovidedatabasestorageforeachdatabaseserver.Infactasinglestoragecellmay
evenbesharedbymultiplestandalonedatabaseservers.Onceagain,Exadataisahighlyconfigurable
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system.Butjustbecauseyoucandosomething,doesn’tmeanyoushould.Storagecellsarethe
workhorseofExadata.Eachcellsupportsafinitedatatransferrate(MBPS)andnumberofI/O’sper
second(IOPS).Reducingthestoragecellfootprintofyourdatabaseenvironmentdirectlyimpactsthe
performanceyourdatabasecanyield

Table 14-6. Performance Capabities of Exadata Storage Cells 

MBPS & IOPS by Device Type Quarter Rack Half Rack Full Rack 

DiskTransferBandwidth SAS
SATA

4.5GB/s
2.5GB/s

10.5GB/s
6GB/s

21GB/s
12GB/s

FlashDiskTransferBandwidth 11GB/s 25GB/s 50GB/s

DiskIOPS SAS
SATA

10,800
4,300

25,000
10,000

50,000
20,000

FlashDiskIOPS 225,000 500,000 1,000,000

■Note:ExadataV2offeredtwochoicesfordiskdrivesinthestoragecells,SATA,andSAS.WithExadataX2,the
SATAoptionhasbeenreplacedwithHighCapacitySASdrivesthathavestorageandperformancecharacteristics
verysimilartothoseoftheSATAdrivestheyreplaced.Sonow,withX2,yourstorageoptionsareHighCapacity
andHighPerformanceSASdrives.

Cell Security 
Inadditiontoisolatingstoragecellsbytheirnetworkaddress,Exadataalsoprovidesawaytosecure
accesstospecificgriddiskswithinthestoragecell.Anaccesscontrollist(ACL)ismaintainedatthe
storagecell,andgriddisksaredefinedasbeingaccessibletospecificASMclustersand,optionally,
databaseswithintheASMcluster.Ifyou’vealreadyloggedsometimeworkingonyourExadatasystem,
chancesareyouhaven’tnoticedanysuchaccessrestrictions.Thatisbecausebydefault,cellsecurityis
open,allowingallASMclustersanddatabasesinthesystemaccesstoallgriddisks.Cellsecuritycontrols
accesstogriddisksattwolevels,byASMclusterandbydatabase:

ASM-Scoped Security: ASM-scopedsecurityrestrictsaccesstogriddisksby
ASMcluster.Thisisthefirstlayerofcellsecurity.Itallowsalldatabasesinthe
ASMclustertohaveaccesstoallgriddisksmanagedbytheASMinstance.For
example,anExadatafullrackconfigurationcanbesplitsothatfourdatabase
serversandsevenstoragecellscanbeusedbyCustomer-A,andtheotherfour
databaseserversandsevenstoragecellscanbeusedbyCustomer-B.

Database-Scoped Security: OnceASM-scopedsecurityisconfigured,accessto
griddisksmaybefurthercontrolledatthedatabaselevelusingdatabase-
scopedsecurity.Database-scopedsecurityismostappropriatewhendatabases
withintheASMclustershouldhaveaccesstoasubsetofthegriddisksmanaged
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bytheASMinstance.IntheearlierexampleCustomer-A’senvironmentcould
usedatabase-scopedsecuritytoseparatedatabaseenvironmentsfromone
anotherwithinitshalfrackconfiguration.

CellSecurityTerminology
Beforewegettoofaralong,let’stakealookatsomeofthenewterminologyspecifictoExadata’scell
security.

Storage Realm:Griddisksthatshareacommonsecuritydomainarereferredto
asastorage realm.

Security Key:AsecuritykeyisusedtoauthenticateASManddatabaseclientsto
thestoragerealm.Itisalsousedforsecuringmessagessentbetweenthestorage
cellsandtheASManddatabaseclients.Thesecuritykeyiscreatedusingthe
CellCLIcommandcreate key.Thekeyisthenassignedtogriddisksusingthe
CellCLIassign keycommand.

cellkey.ora:Thecellkey.orafileisstoredonthedatabaseservers.One
cellkey.orafileiscreatedforASM-scopedsecurityandanothercellkey.ora
fileiscreatedforeachdatabaserequiringdatabase-scopedsecurity.The
cellkey.orafilesareusedtoidentifysecuritykeys,thestoragerealm,andthe
uniquenameoftheASMclusterordatabase.

Table14-7showsthedefinitionsforthefieldsinthecellkey.orafile.

Table 14-7. The Contents of the Cellkey.ora File 

Field Description 

key Thisisthesecuritykeygeneratedatthestoragecellwiththecreate keycommand.Thiskey
isusedtoauthenticatetheASMclusteranddatabasetothestoragerealm.

ForASM-scopedsecurity,thisvaluemustmatchthekeyassignedtotheASMclusterusing
theassign keycommand.

Fordatabase-scopedsecuritythisvaluemustmatchthesecuritykeyassignedtothe
databaseusingtheassign keycommand.

asm ThisistheuniquenameoftheASMclusterfoundintheDB_UNIQUE_NAMEparameterofthe
ASMinstance.ItisusedtoassociatetheASMclusterwiththeavailableToattributeofthe
griddisksinthestoragerealm.GriddisksareassignedthisvalueusingtheCellCLIcreate 
griddiskandalter grid diskcommands.

realm Thisfieldisoptional.Ifused,thevaluemustmatchtherealmNameattributeassignedtothe
storagecellsusingtheCellCLIcommandalter cell realmName.
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CellSecurityBestPractices
FollowingOracle’sbestpracticesisanimportantpartofconfiguringcellsecurity.Itwillhelpyouavoid
thoseoddsituationswherethingsseemtoworksomeofthetimeoronlyoncertainstoragecells.
Followingthesebestpracticeswillsaveyoualotoftimeandfrustration:

• Ifdatabase-scopedsecurityisused,besuretouseitforalldatabasesintheASM
cluster.

• MakesuretheASMcellkey.orafileisthesameonallserversforanASMcluster.
Thisincludescontents,ownership,andpermissions.

• JustasyoudidfortheASMcellkey.orafile,makesurecontents,ownership,and
permissionsareidenticalacrossallserversforthedatabasecellkey.orafile.

• Ensurethecellsidesecuritysettingsarethesameforallgriddisksbelongingtothe
sameASMdiskgroup.

• Itisveryimportantthatthecellkey.orafilesandcellcommandsareexecuted
consistentlyacrossallserversandcells.Usethedcliutilitytodistributethe
cellkey.orafileandreducethelikelihoodofhumanerror.

ConfiguringASM-ScopedSecurity
WithASM-scopedsecurity,theASMclusterisauthenticatedtothestoragecellbyitsDB_UNIQUE_NAMEand
asecuritykey.Thesecuritykeyiscreatedatthestoragecellandstoredinthecellkey.orafileonthe
databaseserver.Anaccesscontrollist(ACL)isdefinedonthestoragecellthatisusedtoverifythe
securitykeyitreceivesfromASM.TheavailableToattributeoneachgriddiskdictateswhichASM
clustersarepermittedaccess.

Nowlet’stakealookatthestepsforconfiguringASM-scopedsecurity.

1. ShutdownalldatabasesandASMinstancesintheASMcluster.

2. CreatethesecuritykeyusingtheCellCLIcreate keycommand:

CellCLI> create key 
        3648e2a3070169095b799c44f02fea9 

Thissimplygeneratesthekey,whichisnotautomaticallystoredanywhere.
Thecreate keycommandonlyneedstoberunonceandcanbedoneonany
storagecell.ThissecuritykeywillbeassignedtotheASMclusterinthekey
fieldofthecellkey.orafile. 

3. Next,createacellkey.orafileandinstallitinthe/etc/oracle/cell/network-
configdirectoryforeachdatabaseserveronwhichthisASMclusteris
configured.Settheownershipofthefiletotheuserandgroupspecifiedduring
theASMsoftwareinstallation.Permissionsshouldallowittobereadbythe
userandgroupownerofthefile.Forexample:

key=3648e2a3070169095b799c44f02fea9 
asm=+ASM 
realm=customer_A_realm 
 
> chown oracle:dba cellkey.ora 
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> chmod 640 cellkey.ora 

Notethatifarealmisdefinedinthisfileitmustmatchtherealmname
assignedtothestoragecellsusingthealter cell realm=command.

4. FindtheDB_UNIQUE_NAMEforyourASMclusterusingtheshow parameter
commandfromoneoftheASMinstances:

SYS:+ASM1>show parameter db_unique_name 
 
NAME             TYPE        VALUE 
---------------- ----------- ------------------ 
db_unique_name   string      +ASM 
 

5. UsetheCellCLIassign keycommandtoassignthesecuritykeytotheASM
clusterbeingconfigured.Thismustbedoneoneachstoragecelltowhichyou
wanttheASMclustertohaveaccess:

CellCLI> ASSIGN KEY - 
            FOR '+ASM='66e12adb996805358bf82258587f5050' 

6. UsingtheCellCLIcreate griddiskcommand,settheavailableToattributefor
eachgriddisktowhichyouwantthisASMclustertohaveaccess.Thiscanbe
doneforallgriddisksonthecellasfollows:

CellCLI> create griddisk all prefix='DATA_DG' - 
                size= 1282.8125G availableTo='+ASM' 

7. Forexistinggriddisks,usethealter grid diskcommandtosetupsecurity:

CellCLI> alter griddisk all prefix='DATA_DG' - 
               availableTo='+ASM' 

8. Asubsetofgriddisksmayalsobeassigned,asfollows:

CellCLI> alter griddisk DATA_CD_00_cell03, - 
                        DATA_CD_01_cell03, - 
                        DATA_CD_02_cell03, - 
                        … 
               availableTo='+ASM' 

ThiscompletestheconfigurationofASM-scopedcellsecurity.TheASMclusterandalldatabases
cannowberestarted.WhenASMstartsupitwillcheckforthecellkey.orafileandpassthekeytothe
storagecellsinordertogainaccesstothegriddisks.

ConfiguringDatabase-ScopedSecurity
Database-scopedsecuritylocksdowndatabaseaccesstospecificgriddiskswithinanASMcluster.Itis
usefulforcontrollingaccesstogriddiskswhenmultipledatabasessharethesameASMcluster.Before
database-scopedsecuritymaybeimplemented,ASM-scopedsecuritymustbeconfiguredandverified.

Whenusingdatabase-scopedsecurity,therewillbeonecellkey.orafileperdatabase,perdatabase
server,andoneACLentryonthestoragecellforeachdatabase.Thefollowingstepsmaybeusedto
implementsimpledatabase-scopedsecurityfortwodatabases,calledHR(HumanResources)andPAY
(Payroll)).
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1. ShutdownalldatabasesandASMinstancesintheASMcluster.

2. CreatethesecuritykeyusingtheCellCLIcreate keycommand:

CellCLI> create key 
        7548a7d1abffadfef95a53185aba0e98 
 
CellCLI> create key 
        8e7105bdbd6ad9fa53d41736a533b9b1 

Thecreate keycommandmustberunonceforeachdatabaseintheASM
cluster.Itcanberunfromanystoragecell.Onesecuritykeywillbeassignedto
eachdatabasewithintheASMclusterinthekeyfieldofthedatabase
cellkey.orafile.

3. Foreachdatabase,createacellkey.orafileusingthekeyscreatedinstep2.
Installthesecellkey.orafilesinthe
ORACLE_HOME/admin/{db_unique_name}/pfiledirectoriesforeachdatabase
serveronwhichdatabase-scopedsecuritywillbeconfigured.Justasyoudid
forASM-scopedsecurity,settheownershipofthefiletotheuserandgroup
specifiedduringtheASMsoftwareinstallation.Permissionsshouldallowitto
bereadbytheuserandgroupownerofthefile.Forexample:

# -- Cellkey.ora file for the HR database --# 
key=7548a7d1abffadfef95a53185aba0e98 
asm=+ASM 
realm=customer_A_realm 
# -- 
 
> chown oracle:dba $ORACLE_HOME/admin/HR/cellkey.ora 
> chmod 640 $ORACLE_HOME/admin/HR/cellkey.ora 
 
# -- Cellkey.ora file for the PAY database --# 
key=8e7105bdbd6ad9fa53d41736a533b9b1 
asm=+ASM 
realm=customer_A_realm 
# -- 
 
> chown oracle:dba $ORACLE_HOME/admin/PAY/cellkey.ora 
> chmod 640 $ORACLE_HOME/admin/PAY/cellkey.ora 

Notethatifarealmisdefinedinthisfile,itmustmatchtherealmname
assignedtothestoragecellsusingthealter cell realm=command.

4. RetrievetheDB_UNIQUE_NAMEforeachdatabasebeingconfiguredusingtheshow 
parametercommandfromeachofthedatabases:

SYS:+HR>show parameter db_unique_name 
 
NAME             TYPE        VALUE 
---------------- ----------- ------------------ 
db_unique_name   string      HR 
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SYS:+PAY>show parameter db_unique_name 
 
NAME             TYPE        VALUE 
---------------- ----------- ------------------ 
db_unique_name   string      PAY 

5. UsetheCellCLIassign keycommandtoassignthesecuritykeysforeach
databasebeingconfigured.Thismustbedoneoneachstoragecellyouwant
theHRandPAYdatabasestohaveaccessto.Thefollowingkeysareassignedto
theDB_UNIQUE_NAMEofthe)HRand))PAYdatabases:

CellCLI> ASSIGN KEY - 
   FOR HR='7548a7d1abffadfef95a53185aba0e98', – 
      PAY='8e7105bdbd6ad9fa53d41736a533b9b1'  – 
 
Key for HR successfully created 
Key for PAY successfully created 

6. Verifythatthekeyswereassignedproperly:

CellCLI> list key 
         HR      d346792d6adea671d8f33b54c30f1de6 
         PAY     cae17e8fdce7511cc02eb7375f5443a8 

7. UsingtheCellCLIcreate diskoralter griddiskcommand,assignaccessto
thegriddiskstoeachdatabase.NotethattheASMuniquenameisincluded
withthedatabaseuniquenameinthisassignment.

CellCLI> create griddisk DATA_CD_00_cell03, - 
                         DATA_CD_01_cell03  - 
                size=1282.8125G             - 
                availableTo='+ASM,HR' 
 
CellCLI> create griddisk DATA_CD_02_cell03, - 
                         DATA_CD_03_cell03  - 
                size=1282.8125G             - 
                availableTo='+ASM,PAY' 

8. Thealter griddiskcommandmaybeusedtochangesecurityassignmentsfor
griddisks.Forexample:

CellCLI> alter griddisk DATA_CD_05_cell03, - 
                        DATA_CD_06_cell03  - 
               availableTo='+ASM,HR' 
 
CellCLI> alter griddisk DATA_CD_01_cell03, - 
                        DATA_CD_02_cell03  - 
               availableTo='+ASM,PAY' 

Thiscompletestheconfigurationofdatabase-scopedsecurityfortheHRandPAYdatabases.The
ASMclusteranddatabasesmaynowberestarted.Thehumanresourcesdatabasenowhasaccesstothe
DATA_CD_00_cell03andDATA_CD_01_cell03griddisks,whilethepayrolldatabasehasaccesstothe
DATA_CD_02_cell03andDATA_CD_03_cell03griddisks.
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RemovingCellSecurity
Onceimplemented,cellsecuritymaybemodifiedasneededbyupdatingtheACLlistsonthestorage
cells,andchangingtheavailableToattributeofthegriddisks.Removingcellsecurityisafairly
straightforwardprocessofbackingoutthedatabasesecuritysettingsandthenremovingtheASM
securitysettings.

Thefirststepinremovingcellsecurityistoremovedatabase-scopedsecurity.Thefollowingsteps
willremovedatabase-scopedsecurityfromthesystem.

1. Beforedatabasesecuritymayberemoved,thedatabasesandASMcluster
mustbeshutdown.

2. RemovethedatabasesfromtheavailableToattributeofthegriddisksusingthe
CellCLIcommandalter griddisk.Thiscommanddoesn’tselectivelyremove
databasesfromthelist.Itsimplyredefinesthecompletelist.Noticethatwe
willjustberemovingthedatabasesfromthelistatthispoint.TheASMunique
nameshouldremaininthelistfornow.Thismustbedoneforeachcellyou
wanttoremovesecurityfrom.

CellCLI> alter griddisk DATA_CD_00_cell03, - 
                        DATA_CD_01_cell03  - 
               availableTo='+ASM' 
 
CellCLI> alter griddisk DATA_CD_02_cell03, - 
                        DATA_CD_03_cell03  - 
               availableTo='+ASM' 

Optionally,allthedatabasesmayberemovedfromthesecuredgriddiskswiththefollowing
command:

CellCLI> alter griddisk DATA_CD_00_cell03, - 
                        DATA_CD_01_cell03  - 
                        DATA_CD_02_cell03  - 
                        DATA_CD_03_cell03  - 
               availableTo='+ASM' 

Assumingthatthesedatabaseshavenotbeenconfiguredforcellsecurityonanyothergriddisksin
thecell,thesecuritykeymayberemovedfromtheACLlistonthestoragecellasfollows:

CellCLI> assign key for HR='', PAY='' 
 
Key for HR successfully dropped 
Key for PAY successfully dropped 

3. Removethecellkey.orafilelocatedinthe
ORACLE_HOME/admin/{db_unique_name}/pfiledirectoryforthedatabaseclient.

4. Nowthecellkey.orafilefortheHRandPAYdatabasesmayberemovedfrom
thedatabaseservers.

> rm $ORACLE_HOME/admin/HR/cellkey.ora 
> rm $ORACLE_HOME/admin/PAY/cellkey.ora 

5. VerifythattheHRandPAYdatabasesarenotassignedtoanygriddiskswith
thefollowingCellCLIcommand:
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CellCLI> list griddisk attributes name, availableTo 

Oncedatabase-scopedsecurityhasbeenremoved,youcanremoveASM-scopedsecurity.Thiswill
returnthesystemtoopensecuritystatus.ThefollowingstepsremoveASM-scopedsecurity.Oncethisis
done,thegriddiskswillbeavailabletoallASMclustersanddatabasesonthestoragenetwork.

1. Beforecontinuingwiththisprocedure,besurethatdatabase-scopedsecurityhas
beencompletelyremoved.Thelist keycommandshoulddisplaythekey
assignmentfortheASMclusteronly.Nodatabasesshouldbeassignedkeysatthis
point.Thelist griddiskcommandshouldshowallthenamesofthegriddisks
assignmentsfortheASMcluster,'+ASM'.

CellCLI> list griddisk attributes name, availableTo 

2. Next,removetheASMuniquenamefromtheavailableToattributeonallgriddisks.

CellCLI> list griddisk attributes name, availableTo 

3. Now,removetheASMsecurityfromtheACLbyrunningthefollowingcommand.

CellCLI> alter griddisk all assignTo='' 

4. ThefollowingcommandremovestheASMclusterassignmentforselectgriddisks:

CellCLI> alter griddisk DATA_CD_00_cell03, - 
                        DATA_CD_01_cell03  - 
                        DATA_CD_02_cell03  - 
                        DATA_CD_03_cell03  - 
               availableTo='' 

5. Thelist griddiskcommandshouldshownoassignedclients.Verifythisby
runningthelist griddiskcommand.

6. TheASMclusterkeymaynowbesafelyremovedfromthestoragecellusingthe
CellCLIassign keycommand:

CellCLI> list key detail 
         name:     +ASM 
         key:      196d7983a9a33fccae276e24e7a9f89 
 
CellCassign key for +ASM='' 
Key for +ASM successfully dropped 

7. Removethecellkey.orafilefromthe/etc/oracle/cell/network-configdirectoryonall
databaseserversintheASMcluster.

ThiscompletestheremovalofASM-scopedsecurity.TheASMclustermaynowberestartedaswell
asallthedatabasesitservices.
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Summary 
UnderstandingallthevariouslayersoftheExadatastoragearchitectureandhowtheyfittogetherisa
keycomponenttoproperlylayingoutstoragefordatabases.Understandingtherelationshipbetween
physicaldisks,LUNs,celldisks,griddisks,andASMdiskgroupsisabsolutelynecessaryifyouwantto
carveupdiskstorageformaximumperformance.Inthischapterwe’vediscussedwhatgriddisksare,
whattheyaremadeupof,andhowtheyfitintotheASMstoragegrid.We’vetakenalookathowtocreate
diskgroupssothatIOisprioritizedforperformancecriticaldatafiles.Carvingupstoragedoesn’tendat
thedisk,sowealsodiscussedmethodsforpartitioningstoragebycellandbygriddiskwithinthecell.
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Compute Node Layout  

ThetermnodeisafairlygenericonethathasmanydifferentmeaningsintheITindustry.Forexample,
networkengineerscallanyaddressabledeviceattachedtotheirnetworkanode.Unixadministrators
commonlyusetheterminterchangeablywithhostorserver.OracleDBAsoftenrefertoadatabaseserver
thatisamemberofanRACclusterasanode.Oracle’sdocumentationusesthetermcompute nodewhen
referringtothedatabaseservertieroftheplatform.Thischapterisaboutthevariouswaysinwhichyou
canconfigureyourExadatacomputenodes,whethertheyaremembersofanRACcluster(nodes),or
nonclustered(databaseservers).

It’sacommonmisconceptionthatanExadatarackmustbeconfiguredasasingleOracleRAC
cluster.Thiscouldn’tbefurtherfromthetruth.Initssimplestform,theExadatadatabasetiercanbe
describedasacollectionofindependentdatabaseservershardwiredintothesamestorageandthesame
managementnetworks.Eachoftheseserverscanbeconfiguredtorunstandalonedatabasescompletely
independentoftheothers.However,thisisnotcommonlydoneforacoupleofreasons—scalabilityand
highavailability.OracleRAChashistoricallybeenusedtoprovidenoderedundancyintheeventofnode
orinstancefailure,butOraclemarketinghasmadeitclearallalongthattheabilitytoscale-outhasbeen
anequallyimportantgoal.Traditionally,ifweneededtoincreasedatabaseperformanceandcapacity,
wedidsobyupgradingserverhardware.Thismethodbecamesocommonplacethattheindustrycoined
thephrase“hardwarerefresh”todescribeit.ThistermcanmeananythingfromaddingCPUs,memory,
orI/Obandwidthtoacompletereplacementoftheserveritself.Increasingperformanceandcapacityin
thiswayisreferredtoasscale-up.WithExadata’sabilitytoprovideextremeI/Operformancetothe
databaseserver,busspeedisnowthelimitingfactorforscale-up.Sowhathappenswhenyoureachthe
limitsofsingle-servercapacity?Theobviousansweristoaddmoreservers.Tocontinuetoscaleyour
application,youmustscale-out,usingOracleRAC.Nonetheless,understandingthatthedatabase
serversarenottiedtogetherinsomeproprietaryfashionclarifiesthehighlyconfigurablenatureof
Exadata.InChapter14wediscussedvariousstrategiesforconfiguringExadata’sstoragesubsystemsto
servicespecificdatabaseservers.Inthischapterwe’lltakealookatwaysthedatabasetiermaybe
configuredtocreateclusteredandnonclustereddatabaseenvironmentsthatarewellsuitedtomeetthe
needsofyourbusiness.

Provisioning Considerations 
Exadataisanextremelyconfigurableplatform.Determiningthebestconfigurationforyourbusinesswill
involvereviewingtheperformanceanduptimedemandsofyourapplicationsaswellasensuring
adequateseparationfordevelopment,test,andproductionsystems.Hereareafewofthekey
considerationsfordeterminingthemostsuitablecomputenodelayouttosupportyourdatabase
environments:
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CPU Resources: Whendeterminingtheoptimalnodelayoutforyourdatabases,
keepinmindthatExadatahandlestheI/Oworkloadverydifferentlyfrom
traditionaldatabaseplatforms.Onnon-Exadataplatformsthedatabaseserver
isresponsibleforretrievingalldatablocksfromstoragetosatisfyI/Orequests
fromtheapplications.Exadataoffloadsalotofthisworktothestoragecells.
ThiscansignificantlyreducetheCPUrequirementsofyourdatabaseservers.
FiguringouthowmuchlessCPUyourdatabaseswillrequireisadifficulttask
becauseitdepends,inpart,onhowmuchyourdatabaseisutilizingparallel
queryandHCCcompression,andhowsuitableyourapplicationSQListo
offloading.SomeoftheSmartScanoptimizations,suchasdecryption,
predicatefiltering,andHCCdecompression,willreduceCPUrequirements
regardlessofthetypeofapplication.Wecoveredthesetopicsindetailin
Chapters2–6.

Systemsrequiringthousandsofdedicatedserverconnectionscanoverwhelm
theresourcesofasinglemachine.Spreadingtheseconnectionsacrossmultiple
computenodesreducestheburdenonthesystem’sprocessschedulerand
allowstheCPUtospenditstimemoreeffectivelyservicingclientrequests.Load
balancingconnectionsacrossmultiplecomputenodesalsoimprovesthe
database’scapacityforhandlingconcurrentconnectionrequests.

Memory Resources:Systemsthatrequirethousandsofdedicatedserver
connectionscanalsoputaburdenonmemoryresources.Eachdedicated
serverconnectionrequiresasliceofmemory,whetherornottheconnectionis
activelybeingused.SpreadingtheseconnectionsacrossmultipleRACnodes
allowsthedatabasetohandlemoreconcurrentconnectionsthanasingle
computenodecanmanage.

I/O Performance and Capacity:Eachcomputenodeandstoragecellis
equippedwithone40GbpsQDR,dual-portInfiniBandcardthroughwhich,in
practicality,eachcomputenodecantransmit/receiveamaximumof3.2
gigabytespersecond.Ifthisissufficientbandwidth,thenthedecisionof
movingtoamulti-nodeRACconfigurationmaybemoreofanHA
consideration.IfyouhaveI/O-hungryapplicationsthatrequiremore
throughputthanonecomputenodecanprovide,thenRACmaybeusedto
providehighavailabilityaswellasadditionalI/Ocapacity.

Patching and Testing:Anotherkeyconsiderationindesigningastabledatabase
environmentisprovidingaseparateareawherepatchesandnewfeaturescan
betestedbeforerollingthemintoproduction.Fornon-Exadataplatforms,
patchingandupgradinggenerallyinvolvesO/SpatchesandOracleRDBMS
patches.Exadataisahighlycomplexdatabaseplatform,consistingofseveral
additionalhardwareandsoftwarelayersthatmustbepatchedperiodically,
suchasCellServer,CellCLI,ILOMfirmware,InfiniBandswitchfirmware,
InfiniBandnetworkcardfirmware,andOFEDdrivers.Assuch,itisabsolutely
crucialthatatestenvironmentbeisolatedfromcriticalsystemstobeusedfor
testingpatches.



CHAPTER15COMPUTENODELAYOUT

499

■KevinSays:RegardingI/OPerformanceandCapacity,itisessentialtounderstandthataproducer’sabilityto
senddataismeteredbytheabilityoftheconsumertoingestthedata.Thereisinherentflow-controlinthe
relationshipbetweenthedatabasegridandthestoragegridinExadataarchitecture.DuringaSmartScan,each
cell(producer)hasthecapacitytoproduceanoutboundflowofdataviaiDBatroughly3.2GBpswiththeX2
models.Butthedatahastogosomewhere.Scalingfromthissingle-cellnumberislimitedtotheaggregateingest
bandwidthofthedatabasegrid(theconsumers),whichis25.6GBpsforafullrackconfiguration.Toputitanother
way,theX2modelscanstreamdataunimpededfromharddisktothedatabasegridatfulladvertisedscanrate
(25GBps).However,whenscanningbothflashandharddiskassetsconcurrently,thefullrackscanrateincreases
toapproximately70GBps.Wheredoestheexcessgo?It’scleartoseethatonlyabout35%ofthat70GBpscan
flowintothedatabasegrid.Thenecessary65%payloadreductionistheresponsibilityofSmartScanfiltrationand
projection.Ifthequeriesarenotselectiveenoughtoreducethepayload,theresultisthrottledscanthroughput.
Thatleadstoarelatedtopic:effectivescanratesanddataflow.

ForEHCCtables,theeffectivescanrateisequaltothephysicalscanratemultipliedbythecompressionratio.For
instance,consideranEHCCtablewithacompressionratioof10:1thatfitswithinthecapacityofafullrack
ExadataSmartFlashCache(roughly5TB).SmartScanwillscanthistableatroughly70GBps,buttheeffective
scanrateisabout700GBps.Whilenobodywouldarguethat700GBpsisaphenomenalscanratewithcurrent
technology,theimportantquestionmuststillbeasked:Howselectiveareyourqueries?Consideringtheaggregate
ingestbandwidthofafullrackX2model,it’sclearthatthe700GBpseffectivescanratehastobefiltereddownby
over96%(700GB25.6GB).Ifthefiltrationisnotaggressiveenough,thescanratetailsoffbecausethe
consumerthrottlestheproducer.Hereinliesaconundrum—theselectivityofyourqueriesmustcomplementthe
compressionfactorofyourEHCCdata.Theproblem,however,isthatqueryselectivityisaconstant,andyet
somethingmustgive.ThatsomethingisphysicalI/O.Consider,forexample,aqueryaccessingtableswitha
combinedfootprintof5TBsoastofitwithintheExadataSmartFlashcapacityofafullrack.Let’ssayfurtherthat
thisquerycitesveryfewcolumnsandissoselectivethatSmartScanisabletowhittlethepayloaddownby95%.
Thatwouldbeveryeffectivefiltrationand,assuch,scanningflashandharddiskatafullrackrateof70GBps
wouldrenderaniDBpayloadofabout3.5GBps—aratethatdoesn’tevensaturatetwodatabasehosts’iDBingest
bandwidth.At70GBpsthehypotheticalquerycompletesinabout70seconds.CanEHCCreducethequerytime?
Forthesakeofexample,let’ssaythedatainthehypothetical5TBtablecompressestenfoldwithEHCC(downto
roughly500GB).AtaSmartScanrateof70GBps,thequeryshouldcompleteinabout7seconds,however,the
dataandqueryarethesame,sothepayloadreductionremainsconstantat95%.EHCCdataisdecompressedin
thestoragegrid(afterfiltrationandprojection),soforagivenquerythesamedataflowsoveriDBwhether
noncompressedorcompressedwithEHCC.Withpayloadreductionbeingconstant,canourhypotheticalquery
improveinamannercommensuratewiththecompressionratio(forexample,1/10ththetime)?No,because
filteringaway95%,fromtheeffectivescanrateof700GBps,rendersaniDBdemandof35GBps—about37%
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morethantheaggregateingestbandwidthofthedatabasegrid.Thescanrateisthereforethrottled.Thequery
shouldindeedrunfasterthannoncompressed,butaswecanseethereismoretoitthansimplemath.The
hypotheticalquerycannotcompletein1/10ththetime.Insuchacasethephysicalscanrateforthefullrack
wouldbethrottledbacktoroughly45GBps,andsothequerywouldcompleteinapproximately11seconds—
1/6ththetimeasinthenoncompressedcase.Thisexampledoesnottakeintoconsiderationanyotherfactorthat
maycauseconsumerstothrottleproducers,suchasjoinprocessingandsorting.Itconsidersonlytheaggregate
iDBingestbandwidthinthedatabasegrid.Otherfactors,suchasdatabasegridCPU-saturation(duetoheavyjoin
andsortprocessing)canfurtherthrottletheflowofdataoveriDB.Thereisadirectcorrelationbetweenthe
selectivityofaquery,thehostprocessorutilizationlevel,andtheperformanceimprovementdeliveredbyEHCC.I
oftenhavetoremindpeoplethattheconceptofcompressionasaperformancefeatureisquitenew,andoften
misrepresented.

Non-RAC Configuration 
Computenodesmaybeconfiguredinanumberofways.Ifyourapplicationdoesnotneedthehigh
availabilityorscale-outfeaturesofOracleRAC,thenExadataprovidesanexcellentplatformfor
deliveringhighperformanceforstandalonedatabaseservers.YoucanmanageI/Oservicelevels
betweenindependentdatabasesbyconfiguringtheIORM.SeeChapter7formoreinformationabout
IORM.Inanon-RACconfigurationeachcomputenodewillhaveitsown,non-clustered,ASMinstance
thatprovidesstorageforalldatabasesonthatserver.Eventhoughyourdatabaseserversmaybe
independentofoneanothertheycanstillshareExadatastorage(celldisks).Thisallowseachdatabaseto
makeuseofthefullI/ObandwidthoftheExadatastoragesubsystem.Notethatinthisconfiguration
Clusterwareisnotinstalledatall.Justlikeanyotherstandalonedatabaseserver,multipledatabases
coexistquitenicelywithinthesamediskgroups.Forexample,let’ssayyouhavethreedatabasesonyour
server,calledSALES,HR,andPAYROLL.Allthreedatabasescansharethesamediskgroupsforstorage.To
dothis,allthreedatabaseswouldsettheirinstanceparametersasfollows:

db_create_file_dest='DATA1_DG' 
db_recovery_file_dest='RECO1_DG' 

InFigure15-1weseealleightcomputenodesinanExadatafullrackconfigurationrunning
standalonedatabases.Forexample,DB1,Node1,usestheDATA1_DGandRECO1_DGdiskgroups,whichare
servicedbythelocal(nonclustered)ASMinstance.EachASMinstancehasitsownsetofASMdisk
groups,whichconsistofgriddisksfromallstoragecells.Atthestoragecell,theseindependentASM
instancescannotsharegriddisks.EachASMinstancewillhaveitsown,privatesetofgriddisks.
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DATA_08_DG Disk Group
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DB6
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Database: DB1
ASM Diskgroups for DB1

DATA_01_DG Disk Group RECO_01_DG Disk Group

DB1

Infiniband Switch

Each ASM disk group 
consists of 12 grid gisks 
from each storage cell.

DATA_01_DG

Disk Group



Figure 15-1. Example of a non-RAC Exadata configuration 
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RecallfromChapter14thatgriddisksareactuallyslicesofcelldisks.Thesegriddisksareinturn
usedtocreateASMdiskgroups.Forexample,eachofthefollowingcommandscreatestwelve200Ggrid
disksonstoragecell1(onepercelldisk).ThesegriddisksarethenusedtocreatetheDATA1…DATA8,and
RECO1…RECO8diskgroups.IfallfourteenstoragecellsofanExadatafullrackconfigurationareused,it
willyield33.6terabytesofstorage(assuming2TB,high-capacitydrives)foreachdiskgroup,((14storage
cells×12griddiskspercell)×200G).

CellCLI> CREATE GRIDDISK ALL HARDDISK PREFIX=DATA1_DG, size=200G 
... 
CellCLI> CREATE GRIDDISK ALL HARDDISK PREFIX=DATA8_DG, size=200G 
 
CellCLI> CREATE GRIDDISK ALL HARDDISK PREFIX=RECO1_DG, size=200G 
... 
CellCLI> CREATE GRIDDISK ALL HARDDISK PREFIX=RECO8_DG, size=200G 

Table15-1isasummaryofastoragelayoutthatsupportseightstandalonedatabases,eachhavinga
33.6TBDATAdiskgroupanda33.6TBRECOdiskgroup.

Table 15-1. Grid Disks 

Disk Group Grid Disk Total GB Storage Cell Cell Disk 

DATA1 DATA1_DG_CD_00-11 33,6001–14 1–12

DATA2 DATA2_DG_CD_00-11 33,6001–14 1–12

DATA3 DATA3_DG_CD_00-11 33,6001–14 1–12

DATA4 DATA4_DG_CD_00-11 33,6001–14 1–12

DATA5 DATA5_DG_CD_00-11 33,6001–14 1–12

DATA6 DATA6_DG_CD_00-11 33,6001–14 1–12

DATA7 DATA7_DG_CD_00-11 33,6001–14 1–12

DATA8 DATA8_DG_CD_00-11 33,6001–14 1–12

RECO1 RECO1_DG_CD_00-11 33,6001–14 1–12

RECO2 RECO2_DG_CD_00-11 33,6001–14 1–12

RECO3 RECO3_DG_CD_00-11 33,6001–14 1–12

RECO4 RECO4_DG_CD_00-11 33,6001–14 1–12

RECO5 RECO5_DG_CD_00-11 33,6001–14 1–12

RECO6 RECO6_DG_CD_00-11 33,6001–14 1–12
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Disk Group Grid Disk Total GB Storage Cell Cell Disk 

RECO7 RECO7_DG_CD_00-11 33,6001–14 1–12

RECO8 RECO8_DG_CD_00-11 33,6001–14 1–12


BydefaultallASMinstanceswillhaveaccesstoallgriddisks.ThefollowingSQLqueryrunfromone

oftheASMinstancesillustratesthis.Noticehowgriddisksfromallstoragecellsareflaggedas
candidates,thatis,availableforuse.

SYS:+ASM1> select substr(path,16,length(path)) griddisk, \ 
                  failgroup, header_status 
             from v$asm_disk 
            where substr(path,16,length(path)) like '%DATA%_DG_00%' 
               or substr(path,16,length(path)) like '%RECO%_DG_00%' 
            order by failgroup, substr(path,16,length(path)); 
 
GRIDDISK             FAILGROUP  HEADER_STATUS 
-------------------- ---------- ------------- 
DATA1_CD_00_cell01   CELL01     CANDIDATE 
DATA2_CD_00_cell01   CELL01     CANDIDATE 
DATA3_CD_00_cell01   CELL01     CANDIDATE 
DATA4_CD_00_cell01   CELL01     CANDIDATE 
DATA5_CD_00_cell01   CELL01     CANDIDATE 
DATA6_CD_00_cell01   CELL01     CANDIDATE 
DATA7_CD_00_cell01   CELL01     CANDIDATE 
DATA8_CD_00_cell01   CELL01     CANDIDATE 
... 
DATA1_CD_00_cell02   CELL02     CANDIDATE 
DATA2_CD_00_cell02   CELL02     CANDIDATE 
DATA3_CD_00_cell02   CELL02     CANDIDATE 
... 
DATA7_CD_00_cell03   CELL03     CANDIDATE 
DATA8_CD_00_cell03   CELL03     CANDIDATE 
... 
RECO1_CD_00_cell01   CELL01     CANDIDATE 
RECO2_CD_00_cell01   CELL01     CANDIDATE 
RECO3_CD_00_cell01   CELL01     CANDIDATE 
RECO4_CD_00_cell01   CELL01     CANDIDATE 
RECO5_CD_00_cell01   CELL01     CANDIDATE 
RECO6_CD_00_cell01   CELL01     CANDIDATE 
RECO7_CD_00_cell01   CELL01     CANDIDATE 
RECO8_CD_00_cell01   CELL01     CANDIDATE 
... 
RECO1_CD_00_cell02   CELL02     CANDIDATE 
RECO2_CD_00_cell02   CELL02     CANDIDATE 
RECO3_CD_00_cell02   CELL02     CANDIDATE 
... 
RECO7_CD_00_cell03   CELL03     CANDIDATE 
RECO8_CD_00_cell03   CELL03     CANDIDATE 
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Withthismanygriddisks,(2,688inthiscase)visibletoallASMinstances,it’seasytoseehowthey
canbeaccidentallymisallocatedtothewrongASMdiskgroups.Toprotectyourselffrommistakeslike
that,youmightwanttoconsiderusingcellsecuritytorestricttheaccessofeachASMinstancesothatit
only“sees”itsownsetofgriddisks.Fordetailedstepsonhowtoimplementcellsecurity,referto
Chapter14.

RAC Clusters 
Nowthatwe’vediscussedhoweachcomputenodeandstoragecellcanbeconfiguredinafully
independentfashion,let’stakealookathowtheycanbeclusteredtogethertoprovidehighavailability
andhorizontalscalabilityusingRACclusters.Butbeforewedothat,we’lltakeabriefdetourand
establishwhathighavailabilityandscalabilityare.

Highavailability(HA)isafairlywellunderstoodconcept,butitoftengetsconfusedwithfault
tolerance.Inatrulyfault-tolerantsystem,everycomponentisredundant.Ifonecomponentfails,
anothercomponenttakesoverwithoutanyinterruptiontoservice.Highavailabilityalsoinvolves
componentredundancy,butfailuresmaycauseabriefinterruptiontoservicewhilethesystem
reconfigurestousetheredundantcomponent.Workinprogressduringtheinterruptionmustbe
resubmittedorcontinuedontheredundantcomponent.Thetimeittakestodetectafailure,
reconfigure,andresumeworkvariesgreatlyinHAsystems.Forexample,active/passiveUnixclusters
havebeenusedextensivelytoprovidegracefulfailoverintheeventofaservercrash.Now,youmight
chuckletoyourselfwhenyouseethewords“gracefulfailover”and“crash”usedinthesamesentence
(unlessyouworkintheairlineindustry),soletmeexplain.Gracefulfailoverinthecontextof
active/passiveclustersmeansthatwhenasystemfailureoccurs,oracriticalcomponentfails,the
resourcesthatmakeuptheapplication,database,andinfrastructureareshutdownontheprimary
systemandbroughtbackonlineontheredundantsystemautomaticallywithaslittledowntimeas
possible.Thealternative,andsomewhatlessgraceful,typeoffailoverwouldinvolveaphonecalltoyour
supportstaffat3:30inthemorning.Inactive/passiveclusters,thedatabaseandpossiblyother
applicationsonlyrunononenodeatatime.Failoverusinginthisconfigurationcantakeseveral
minutestocompletedependingonwhatresourcesandapplicationsmustbemigrated.OracleRACuses
anactive/activeclusterarchitecture.FailoveronanRACsystemcommonlytakeslessthanaminuteto
complete.Truefaulttoleranceisgenerallyverydifficultandmuchmoreexpensivetoimplementthan
highavailability.Thetypeofsystemandimpact(orcost)ofafailureusuallydictateswhichismore
appropriate.Criticalsystemsonanairliner,spacestation,oralifesupportsystemeasilyjustifyafault-
tolerantarchitecture.Bycontrast,awebapplicationservicingthecompany’sretailstorefrontusually
cannotjustifythecostandcomplexityofafullyfault-tolerantarchitecture.Exadataisahigh-availability
architectureprovidingfullyredundanthardwarecomponents.WhenOracleRACisused,this
redundancyandfastfailoverisextendedtothedatabasetier.

WhenCPU,memory,orI/Oresourcelimitsforasingleserverarereached,additionalserversmust
beaddedtoincreasecapacity.Theterm“scalability”isoftenusedsynonymouslywithperformance.
Thatis,increasingcapacityequalsincreasingperformance.Butthecorrelationbetweencapacityand
performanceisnotadirectone.Take,forexample,asingle-threaded,CPUintensiveprogramthattakes
15minutestocompleteonatwo-CPUserver.Assumingtheserverisn’tCPU-bound,installingtwomore
CPUsisnotgoingtomaketheprocessrunanyfaster.IfitcanonlyrunononeCPUatatime,itwillonly
executeasfastasoneCPUcanprocessit.PerformancewillonlyimproveifaddingmoreCPUsallowsa
processtohavemoreuninterruptedtimeontheprocessor.Neitherwillitrunanyfasterifwerunitona
four-nodecluster.Astheoldsayinggoes,ninepregnantwomencannotmakeababyinonemonth.
However,scalingouttofourserverscouldmeanthatwecanrunfourcopiesofourprogram
concurrently,andgetroughlyfourtimestheamountofworkdoneinthesame15minutes.Tosumitup,
scalingoutaddscapacitytoyoursystem.Whetherornotitimprovesperformancedependsonhow
scalableyourapplicationis,andhowheavilyloadedyourcurrentsystemis.KeepinmindthatOracle
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RACscalesextremelywellforwellwrittenapplications.Conversely,poorlywrittenapplicationstendto
scalepoorly.

ExadatacanbeconfiguredasmultipleRACclusterstoprovideisolationbetweenenvironments.
Thisallowstheclusterstobemanaged,patched,andadministeredindependently.Atthedatabasetier
thisisdoneinthesamewayyouwouldclusteranyordinarysetofserversusingOracleClusterware.To
configurestoragecellstoservicespecificcomputenodes,thecellip.orafileoneachnodeliststhe
storagecellsitwilluse.Forexample,thefollowingcellip.orafilelistssevenofthefourteenstoragecells
bytheirnetworkaddress:

[enkdb01:oracle:EXDB1] /home/oracle 
> cat /etc/oracle/cell/network-config/cellip.ora 
cell="192.168.12.9" 
cell="192.168.12.10" 
cell="192.168.12.11" 
cell="192.168.12.12" 
cell="192.168.12.13" 
cell="192.168.12.14" 
cell="192.168.12.15" 

WhenASMstartsup,itsearchesthestoragecellsoneachoftheseIPaddressesforgriddisksitcan
useforconfiguringASMdiskgroups.Alternatively,CellSecuritycanbeusedtolockdownaccesssothat
onlycertainstoragecellsareavailableforcomputenodestouse.Thecellip.orafileandcellsecurityare
coveredindetailinChapter14.

Toillustratewhatamulti-RACExadataconfigurationmightlooklike,let’sconsideranExadataV2
fullrackconfigurationpartitionedintothreeOracleRACclusters.Afullrackgivesuseightcompute
nodesandfourteenstoragecellstoworkwith.ConsideranExadatafullrackconfiguredasfollows:

• OneProductionRACclusterwithfourcomputenodesandsevenstoragecells

• OneTestRACclusterwithtwocomputenodesandthreestoragecells

• OneDevelopmentRACclusterwithtwocomputenodesandfourstoragecells

Table15-2showstheresourceallocationoftheseRACclusters,eachwithitsownstoragegrid.As
youreadthistable,keepinmindthathardwareisamovingtarget.ThesefiguresarefromanExadataV2.
Inthisexampleweusedthehigh-capacity,2TBSATAdiskdrives.



Table 15-2. Cluster Resources 

Cluster Db Servers Db Memory Db CPU Storage Cell Cell Disks Raw Storage

PROD_CLUSTER Prod1-Prod4 72G×4 8×4 1–7 84 152.3T

TEST_CLUSTERTest1, Test2 72G×2 8×2 8–10 24 65.2T

DEV_CLUSTER Dev1,Dev2 72G×2 8×2 11–14 48 87.0T



TheseRACenvironmentscanbepatchedandupgradedcompletelyindependentlyofoneanother.

TheonlyhardwareresourcestheysharearetheInfiniBandswitchandtheKVMswitch.Ifyouare
consideringamulti-RACconfigurationlikethis,keepinmindthatpatchestotheInfiniBandswitchwill
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affectallstoragecellsandcomputenodes.ThisisalsotrueoftheKVMswitch,whichisnotneededto
runtheclusters,ASMinstances,ordatabases;soifanissuetakesyourKVMswitchofflineforafewdays,
itwon’timpactsystemperformanceoravailability.Figure15-2illustrateswhatthisclusterconfiguration
wouldlooklike.

DEV_CLUSTER

TEST_CLUSTER

PROD_CLUSTER

Storage Cells 1-7
84 Cell Disks, 168T Raw Storage

Storage Cells 8-10
36 Cell Disks, 72T Raw Storage

Storage Cells 8-10
48 Cell Disks, 96T Raw Storage

Test1

Test2

Dev1

Dev2

Prod2

Prod3

Prod1

Prod4

SYSTEM_DG Disk Group

RECO_DG Disk GroupDATA_DG Disk Group

SYSTEM_DG Disk Groups

RECO_DG Disk GroupDATA_DG Disk Group

SYSTEM_DG Disk Group

RECO_DG Disk GroupDATA_DG Disk Group



Figure 15-2. An Exadata full rack configured for three RAC clusters 

Typical Exadata Configuration 
Thetwoconfigurationstrategieswe’vediscussedsofararefairlyextremeexamples.The“non-RAC
Database”configurationillustratedhowExadatacanbeconfiguredwithoutClusterware,tocreatea
“sharednothing”consolidationplatform.Thesecondexample,“RACClusters,”showedhow
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Clusterwarecanbeusedtocreatemultiple,isolatedRACclusters.Neitheroftheseconfigurationsis
typicallyfoundintherealworld,buttheyillustratetheconfigurationcapabilitiesofExadata.Nowlet’s
takealookataconfigurationwecommonlyseeinthefield.Figure15-3showsatypicalsystemwithtwo
Exadatahalfracks.Itconsistsofaproductioncluster(PROD_CLUSTER)hostingatwo-nodeproduction
databaseandatwo-nodeUATdatabase.TheproductionandUATdatabasessharethesameASMdisk
groups(madeupofallgriddisksacrossallstoragecells).I/Oresourcesareregulatedandprioritized
usingExadataI/OResourceManager(IORM),discussedinChapter7.Theproductiondatabaseuses
ActiveDataGuardtomaintainaphysicalstandbyfordisasterrecoveryandreportingpurposes.TheUAT
databaseisnotconsideredbusiness-critical,soitisnotprotectedwithDataGuard.Onthestandby
cluster(STBY_CLUSTER),theStbydatabaseusesfourofthesevenstoragecellsforitsASMstorage.Onthe
developmentcluster(DEV_CLUSTER),theDevdatabaseusestheremainingthreecellsforitsASMstorage.
Thedevelopmentclusterisusedforongoingproductdevelopmentandprovidesatestbedforinstalling
Exadatapatches,databaseupgrades,andnewfeatures.



RAC Cluster: PROD_CLUSTER

Prod1

Prod2

DATA_DG RECO_DG

SYSTEM_DG

RAC Cluster: STBY_CLUSTER 

Stby1 

Stby2

DATA_DG
RECO_DG

SYSTEM_DG
Data Guard

4 Storage Cells,
48 Cell disks, 96T Raw Storage.
3 ASM Disk Groups

RAC Cluster: DEV_CLUSTER

Dev1

Dev2

DATA_DG
RECO_DG

SYSTEM_DG

3 Storage Cells,
36 Cell disks, 72T Raw Storage.
3 ASM Disk Groups

UAT1

UAT2

Half Rack with 1 RAC Cluster
7 Storage Cells,
84 Cell disks, 168T Raw Storage. 3 ASM Disk
Groups Shared by Prod and UAT databases. 

Half Rack with 2 RAC Clusters
4, 3 Storage Cells respectively,
Disk Groups not shared between Stby & Dev 

Figure 15-3. A typical configuration 

Exadata Clusters 
Exadata’sabilitytoscaleoutdoesn’tendwhentherackisfull.WhenoneExadatarackdoesn’tquiteget
thejobdoneforyou,additionalracksmaybeaddedtothecluster,creatingalarge-scaledatabasegrid.
Uptoeightracksmaybecabledtogethertocreateamassivedatabasegrid,consistingof64database
serversand2,688terabytesofstorage.Actually,Exadatawillscalebeyondeightracks,butadditional
InfiniBandswitchesmustbepurchasedtodoit.ExadatalinkscabinetstogetherusingwhatOraclecallsa
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spine switch.Thespineswitchisincludedwithallhalfrackandfullrackconfigurations.Quarterrack
configurationsdonothaveaspineswitchandcannotbelinkedwithotherExadataracks.Inafullrack
configuration,theportsofaleafswitchareusedasfollows:

• Eightlinkstothedatabaseservers

• Fourteenlinkstothestoragecells

• Sevenlinkstotheredundantleafswitch

• Onelinktothespineswitch

• Sixportsopen

Figure15-4showsanExadatafullrackconfigurationthatisnotlinkedtoanyotherExadatarack.It’s
interestingthatOraclechosetoconnectthetwoleafswitchestogetherusingthesevensparecables.
Perhapsit’sbecausethesecablesarepreconfiguredinthefactory,andpatchingthemintotheleaf
switchessimplykeepsthemoutofthewayandmakesiteasiertoreconfigurelater.Theleafswitches
certainlydonotneedtobelinkedtogether.Thelinkbetweentheleafswitchesandthespineswitch
doesn’tserveanypurposeinthisconfiguration,either.ItisonlyusediftwoormoreExadataracksare
linkedtogether.

Links to 14 Storage Cells Links to 14 Storage Cells

Links to 8 Database 
Servers

Links to 8 Database 
Servers

7 Inter-switch links

Leaf Switch 2Leaf Switch 1

Spine Switch



Figure 15-4. An Exadata full rack InfiniBand network 

ThespineswitchisjustliketheothertwoInfiniBandswitchesthatservicetheclusterandstorage
network.ThediagrammayleadyoutowonderwhyOraclewouldmakeeverycomponentintherack
redundantexceptthespineswitch.Theansweristhatredundancyisprovidedbyconnectingeachleaf
switchtoeveryspineswitchintheconfiguration(fromtwotoeightspineswitches).

TonetworktwoExadatarackstogether,theseveninter-switchcables,seeninFigure15-4,are
redistributedsothatfourofthemlinktheleafswitchwithitsinternalspineswitch,andfourofthemlink
theleafswitchtothespineswitchintheadjacentrack.Figure15-5showsthenetworkconfigurationfor
twoExadataracksnetworkedtogether.WheneightExadataracksarelinkedtogether,theseveninter-
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switchcablesseeninFigure15-4areredistributedsothateachleaf-to-spine-switchlinkusesonecable
(eightcablesperleafswitch).Whenyou’relinkingfromthreetosevenExadatarackstogether,theseven
inter-switchcablesareredistributedasevenlyaspossibleacrossallleaf-to-spine-switchlinks.Leaf
switchesarenotlinkedtootherleafswitches,andspineswitchesarenotlinkedtootherspineswitches.
Nochangesareeverneededfortheleafswitchlinkstothecomputenodesandstoragecells.

 

Exadata Full Rack #1 Exadata Full Rack #2

Spine Switch Spine Switch

Leaf Switch 1 Leaf Switch 2 Leaf Switch 2Leaf Switch 1



Figure 15-5. A switch configuration for two Exadata racks, with one database grid 

Summary 
Exadataisahighlycomplex,highlyconfigurabledatabaseplatform.InChapter14,wetalkedaboutall
thevariouswaysdiskdrivesandstoragecellscanbeprovisionedseparately,orinconcert,todeliverwell
balanced,high-performanceI/OtoyourOracledatabases.Inthischapterweturnedourattentionto
provisioningcapabilitiesandstrategiesatthedatabasetier.Exadataisrarelyusedtohoststandalone
databaseservers.InmostcasesitisfarbettersuitedforOracleRACclusters.Understandingthatevery
computenodeandstoragecellisafullyindependentcomponentisimportant,sowespenta
considerableamountoftimeshowinghowtoprovisioneightstandalonecomputenodesonanExadata
fullrackconfiguration.FromtherewemovedontoanOracleRACprovisioningstrategythatprovided
separationbetweenthreecomputingenvironments.Andfinally,wetouchedonhowExadataracksmay
benetworkedtogethertobuildmassivedatabasegrids.UnderstandingtheconceptsexploredinChapter
14and15ofthisbookwillhelpyoumaketherightchoiceswhenthetimecomestoarchitecta
provisioningstrategyforyourExadatadatabaseenvironment.
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Unlearning Some Things 
We Thought We Knew 

“It ain't what you don't know that gets you into trouble.  

 It's what you know for sure that just ain't so.”  

~ MarkTwain 




OracledoessomethingsverydifferentlywhenrunningonExadatathanwhenrunningonnon-Exadata
platforms.TheoptimizationsprovidedbyExadataaredesignedtotakeadifferentapproachthanOracle
hastraditionallyfollowed.Thischangemeansthatweneedtoattacksomeproblemswithacompletely
differentmindset.Thatisnottosaythateverythingisdifferent.Infact,mostofthefundamental
principlesremainunchanged.Afterall,thesamedatabasesoftwarerunsonExadatathatrunsonother
platforms.Buttherearesomethingsthatarejustfundamentallydifferent.

ThischapterfocusesonhowweshouldchangeourthinkingwhenrunningdatabasesonExadata.


A Tale of Two Systems 
ThewaywethinkaboutsystemsrunningonExadatalargelydependsontheworkloadbeingexecuted.
OLTP-orientedworkloadstendtofocususonusingflashcacheforspeedingupsmallreads.Butfrankly,
thistypeofworkloadisnotabletotakeadvantageofmostoftheadvantagesprovidedbyExadata.DW-
orientedworkloadstendtofocususonmakinguseofSmartScansateveryopportunityandtryingtouse
alltheavailableresources(CPUresourcesonthestorageanddatabasetiers,forexample).Thisiswhere
Exadata’sbuilt-inadvantagescanhavethemostimpact.Unfortunately,mostsystemsexhibit
characteristicsofbothDWandOLTPworkloads.These“mixedWorkloads”arethemostdifficultand
ironicallythemostcommon.TheyarethemostcommonbecauseitisraretoseeanOLTP-oriented
systemthatdoesn’thavesomereportingcomponentthatproduceslong-running,throughput-sensitive
queries.It’salsoquitecommontoseeDW-orientedworkloadsthathaveOLTP-liketricklefeeds.These
combinationsystemsrequirethemostdifficultthoughtprocessbecause,dependingontheissueat
hand,youwillhavetobeconstantlyresettingyourapproachtomanagingperformance.Theyarealso
difficultbecauseDWworkloadsaregenerallyconstrainedbythedata-flowdynamicsthatcontrol
throughput,whileOLTPsystemsareusuallyconstrainedbylatencyissues.Soformixedworkloadsyou
basicallyneedtotrainyourselftoevaluateeachscenarioandcategorizeitaseitherlatency-sensitiveor
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throughput-sensitive.Thisevaluationofworkloadcharacteristicsshouldbedonepriortobeginningany
analysis.

OLTP-Oriented Workloads 
ThereislittletosayaboutrunningOLTPworkloadsonExadata.SinceExadatarunsstandardOracle
databasesoftware,youshouldnothavetoadjustyourbasicapproachsignificantly.Thereareonlya
handfulofpointstokeepinmindwiththistypeofsystem.

ExadataSmartFlashCache(ESFC)
ThekeycomponentofExadatawhenitcomestoOLTPworkloadsisExadataSmartFlashCache(ESFC),
whichcansignificantlyreducediskaccesstimesforsmallreads.Forthatreason,itisimportanttoverify
thatESFCisworkingcorrectly.Forthistypeofworkloadyoushouldalsoexpectthatalargepercentage
ofphysicalI/OoperationsarebeingsatisfiedbyESFC.Thiscanbeinferredfairlyeasilybylookingatthe
averagesingle-blockreadtimes.Asingle-blockreadshouldtakearound0.5msifitissatisfiedbyflash
cache.Bycontrast,single-blockreadstakeonaveragearound5msiftheyaresatisfiedbyactualdisk
reads.StandardAWRreportsprovidebothaveragevaluesandahistogramofwaitevents.Iftheaverage
single-blockreadtimesarewellabovethe1msrange,youshouldbelookingforasystemicproblem,like
flashcardsthatarenotworkingoracriticaltablehasbeendefinedtoneverbecached,usingthe
CELL_FLASH_CACHE NONEsyntax.Thehistogramsshouldbeusedaswelltoverifythattheaverageisnot
coveringupasignificantnumberofoutliers.Here’sthecellclisyntaxtocheckthestatusoftheflash
cards:



CellCLI> list flashcache detail           
      name:                   dm01cel03_FLASHCACHE          
      cellDisk:               
FD_00_dm01cel03,FD_01_dm01cel03,FD_02_dm01cel03,FD_03_dm01cel03,FD_04_dm01cel03,FD_05_dm01cel0
3,FD_06_dm01cel03,FD_07_dm01cel03,FD_08_dm01cel03,FD_09_dm01cel03,FD_10_dm01cel03,FD_11_dm01ce
l03,FD_12_dm01cel03,FD_13_dm01cel03,FD_14_dm01cel03,FD_15_dm01cel03•         
      creationTime:           2010-03-22T17:39:46-05:00          
      id:                     850be784-714c-4445-91a8-d3c961ad924b         
      size:                   365.25G          
      status:                 critical 


Notethatthestatusattributeonthiscelliscritical.Asyoumightexpect,thisisnotagoodthing.

Onthisparticularsystem,theflashcachehadbasicallydisableditself.Wenoticeditbecausethesingle
blockreadtimeshadsloweddown.Thisexampleisfromanearlyversionofcellsrv.Thelaterversions
includealittlemoreinformation.Hereisanexamplefromcellsrv11.2.2.3.1:



CellCLI> list flashcache detail 
         name:                   enkcel03_FLASHCACHE 
         cellDisk:               
FD_14_cell03,FD_08_cell03,FD_13_cell03,FD_11_cell03,FD_02_cell03,FD_04_cell03,FD_01_cell03,FD_
00_cell03,FD_15_cell03,FD_03_cell03,FD_12_cell03,FD_10_cell03,FD_05_cell03,FD_09_cell03,FD_07_
cell03,FD_06_cell03 
         creationTime:           2011-03-27T07:51:04-05:00 
         degradedCelldisks:       
         effectiveCacheSize:     365.25G 
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         id:                     7f60871e-d5f2-4990-b7e5-30c4a238de12 
         size:                   365.25G 
         status:                 normal 
 

NoticethenewattributedegradedCelldisks.Alsonoticethattheflashcacheonthiscellshowsa
statusofnormal.MonitoringstoragesoftwarebehavioriscoveredinmoredetailinChapter12.

Scalability
AnotherthingtokeepinmindwhendealingwithOLTPworkloadsisthattheExadataplatformprovides
exceptionalscalability.UpgradingfromahalfracktofullrackdoublesthenumberofCPUsatboththe
databaselayerandthestoragelayer.TheamountofESFCisalsodoubled,asistheavailablememory.
ThisallowsExadatatoscaleinanearlylinearfashionformanysystems.

KevinSays:Theauthorsarecorrectthatdoublingfromahalfracktoafullrackisperfecthardwarescale-up.I
urgecaution,however,inpresumingthatthesoftware—specificallyRealApplicationClusters(RAC)—willscale
linearlywithallapplications.RAChasbeenaroundforovertenyears,solet’snotthrowawayourunderstandingof
itsscalabilitycharacteristicswhenconsideringExadata.ThereisnothingaboutExadataarchitecturethatchanges
theintrinsicRACscalabilitycharacteristics.

Write-IntensiveOLTPWorkloads
Write-intensiveworkloadsareasubsetofOLTP-orientedsystems.Therearesomesystemsthatjustbang
awayatsingle-rowinserts.Thesesystemsareoftenlimitedbythespeedatwhichcommitscanbedone,
whichoftendependsonthespeedwithwhichwritestothelogfilescanbeaccomplished.Thisisone
areawhereExadatacompeteswithotherplatformsonafairlyevenplayingfield.Therearenomajor
enhancementsthatmakeExadatarunordersofmagnitudesfasterforsystemsthatarebottleneckedon
writeoperations.Thismeansthatthereisnomagicbullet,andtraditionalmethodsoftuning,suchas
minimizingcommits,areappropriateforthesetypesofsystems.

KevinSays:Write-intensiveworkloadswarrantdeepthought.Theauthorspointoutthattherearenomajor 

enhancementsthatmakeExadataperformordersofmagnitudebetterthanOraclesystemsconnectedto
conventionalstorage.Thereare,infact,noattributesofExadatathatfavorwrite-intensiveworkloadsasofthe
publicationdateofthisbook.TheV2andX2modelsarecapableofservicingover1millionrandomsingle-block
readspersecond—fromExadataSmartFlashCacheonthefullrackconfiguration.Randomwrites,ontheother
hand,havetogotospinningdisks,ofwhichthereare168inthefullrackconfigurations.Thehigh-performance
SASdrivescanserviceroughly300randomwriteIOPS—aslongastheseeksareshort.However,writesmustbe
redundant,andthusthenetrandomwritebandwidthavailabletodatabasesisroughly25,000IOPS.Toscalean
applicationto1millionreadIOPSonExadata,theimposedread:writeratiois40to1.Thatis,Exadatais40-fold
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moreread-capablethanwrite-capableforrandomI/O.Applicationsthatleanheavyonrandomwriteswillbethe
firsttosufferthisinherentimbalance.Thisimbalanceisthereasonsomedeploymentsrequiretheflashassetsof
thecellstobeprovisionedasflashgriddisks.Committingflashcapacityinthestaticgriddiskfashion,however,
eatsintothevaluepropositionofExadata.Everybyteofstoragecommittedtoflashgriddiskislesscapacity
availableforthedynamic,intelligentflashcachealgorithms.DeployingOracleisoftenabalancingact—evenin
theExadataenvironment.ThisbookshouldequipreaderswithsufficientskillstouseExadataassetswisely.

DW-Oriented Workloads 
Exadatawasdesignedtospeeduplong-runningqueriesagainstlargevolumesofdata.Soitshouldcome
asnosurprisethatdatawarehousingiswhereit’simportantthatwechangesomeofourbasicthought
processes.Ofcourse,oneofthemajortechniquesistobeconstantlylookingforopportunitiestoallow
Exadataoptimizationstokickin.Thismeansmakingsurethattheapplicationcantakeadvantageof
SmartScans.

EnablingSmartScans
ThemostimportantconcepttokeepinmindwhendealingwithDW-orientedworkloadsisthatlong-
runningstatementsshouldusuallybeoffloaded.Thestepstofolloware:



1. DeterminewhetherSmartScansarebeingused.

2. IfSmartScansarenotbeingused,fixthingssothattheywillbeused.


Thesepointsseemsoobviousthatweshouldn’tneedtorepeatthem.Alargeportionofthe

optimizationsbuiltintoExadataworkonlywhenSmartScansareused.Sooneofthefirstchangesyou
needtomakeinthewayyouthinkistotrainyourselftobeconstantlyconsideringwhetherSmartScans
arebeingusedappropriatelyornot.Thismeansyouneedtohaveagoodunderstandingofwhich
statements(orpartsofstatements)canbeoffloadedandbeabletodeterminewhetherstatementsare
beingoffloadedornot.WehavecoveredtherequirementsforSmartScansandsomeofthetechniques
thatcanbeusedtoverifywhethertheyarebeingperformedornotthroughoutthebook.Butattherisk
ofbeingrepetitive,we’llmentionthemagainhere.

TherearetwomainrequirementsthatmustbemetinorderforSmartScanstooccur.Thefirstis
thattheoptimizermustchoosetodoafullscanofatableoramaterializedview,ortheoptimizermust
choosetodoafastfullscanofanindex.NotethatSmartScansarenotlimitedtoqueriesorevento
subqueries.TheoptimizercanalsochoosetousefullscansforDELETEsand UPDATEswhenalarge
percentageoftherowswillbeaffected.However,ifyourapplicationisdoingthis,youmightwantto
considermodifyingittodosomethinglikeatruncateandrebuild.

ThesecondrequirementforSmartScansisthatthescansmustbeperformedusingthedirectpath
readmechanism.Notethatweintentionallydidn’tmentiontheoptimizerinthedescriptionofthe
secondrequirement.Thisisbecausetheoptimizerdoesnotmakethedecisionaboutwhethertouse
directpathreadsornot.Itisaheuristicdecisionthatismadeaftertheplanhasbeendetermined.As
such,itisnotdirectlyexposedbyanyofthetoolslikeexplain plantypetools.Whatthismeansin
practiceisthatit’seasytoverifythatthefirstrequirementhasbeenmet,butmorechallengingtoverify
thesecondrequirement.
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OnmostExadataimplementations,afairlyhighpercentageoflong-runningqueriesareoffloaded.
Youcanchecktoseewhatpercentageofyourlong-runningSQLstatementshavebeenoffloadedby
selectingallthestatementsfromv$sql(orfromtheAWRtableDBA_HIST_SQLSTAT)thathaveanaverage
runtimeofoversomenumberofseconds,orthathaveanaveragelogicalI/Ovaluethatisgreaterthan
somereasonablevalue.Actually,thelogicalI/Oisabettermetrictouse,assomeoftheoffloaded
statementswillrunveryquicklyandmaynotmeetyourminimumtimecriteria,whichwillgiveyoua
distortedperspectiveonthepercentageofstatementsthatarebeingoffloaded.Here’sanexample(note
thatthescriptsareincludedintheonlinecoderepository):



SYS@SANDBOX1> @offload_percent 
Enter value for sql_text:  
Enter value for min_etime:  
Enter value for min_avg_lio: 500000 
 
     TOTAL  OFFLOADED OFFLOADED_% 
------------------------------- 
        13         11      84.62% 
 
SYS@SANDBOX1> / 
Enter value for sql_text: SELECT% 
Enter value for min_etime:  
Enter value for min_avg_lio: 500000 
 
     TOTAL  OFFLOADED OFFLOADED_% 
------------------------------- 
        11         11        100% 
 
 

Thelistingmakesuseoftheoffload_percent.sqlscript,whichcalculatesapercentageof
statementscurrentlyinthesharedpoolthathavebeenoffloaded.Weinitiallyusedittoevaluateall
statementsthathadover500,000logicalI/Os.Wethenranitasecondtimeandlimitedourinvestigation
tostatementsthatbeginwiththewordSELECT.Inthenextlistingwe’vemadeuseofascript(fsxo.sql)
thatallowsustoseetheactualstatementsthatcontributetotheOFFLOAD_%calculatedintheprevious
listing.



 
SYS@SANDBOX1> @fsxo 
Enter value for sql_text:  
Enter value for sql_id:  
Enter value for min_etime:  
Enter value for min_avg_lio: 500000 
Enter value for offloaded:  
 
SQL_ID         EXECS  AVG_ETIME OFFLOAD IO_SAVED_% SQL_TEXT 
---------------------------------------------------------------------------- 
0bvt5z48t18by      1        .10 Yes         100.00 select count(*) from skew3 whe 
0jytfr1y0jdr1      1        .09 Yes         100.00 select count(*) from skew3 whe 
12pkwt8zjdhbx      1        .09 Yes         100.00 select count(*) from skew3 whe 
2zbt555tg123s      2       4.37 Yes          71.85 select /*+ parallel (a 8) */ a 
412n404yughsy      1        .09 Yes         100.00 select count(*) from skew3 whe 
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5zruc4v6y32f9      5      51.13 No             .00 DECLARE job BINARY_INTEGER := 
6dx247rvykr72      1        .10 Yes         100.00 select count(*) from skew3 whe 
6uutdmqr72smc      2      32.83 Yes          71.85 select /* avgskew3.sql */ avg( 
7y09dtyuc4dbh      1       2.87 Yes          71.83 select avg(pk_col) from kso.sk 
b6usrg82hwsa3      5      83.81 No             .00 call dbms_stats.gather_databas 
fvx3v0wpvxvwt      1      11.05 Yes          99.99 select count(*) from skew3 whe 
gcq9a53z7szjt      1        .09 Yes         100.00 select count(*) from skew3 whe 
gs35v5t21d9yf      1       8.02 Yes          99.99 select count(*) from skew3 whe 
 
13 rows selected. 
 

Thefsxo.sqlscriptprovidesthesamelimitingfactorsastheoffload_percent.sqlscript,namelya
minimumaverageelapsedtimeandaminimumaveragelogicalI/O.Italsooptionallyallowsyoutolimit
thestatementstoonlythosethatareoffloadedorthosethatarenotoffloaded.Pleaserefertothescripts
forfurtherdetailsandkeepinmindthatthesetechniquescanalsobeappliedtothedatarecordedby
AWRforahistoricalperspective.

Inthenextsectionwe’lldiscusssomeissuesthatcancomplicateyoureffortstoenableSmartScans.

 

ThingsthatCanCrippleSmartScans
Thereareseveralcommoncoding“techniques”thateitherdisableSmartScanscompletelyorcause
themtobemuchlesseffectivethantheycouldbe.Someofthetechniquesarejustbadpractices
regardlessofwhetheryouareontheExadataplatformornot.Othersdon’tcarryassignificantapenalty
onnon-Exadataplatforms,butwhenrunonExadatatheycanpreventthestoragesoftwarefromdoing
allthatitcoulddo.We’vediscussedmanyoftheseissuesthroughoutthisbook.Hereareafewthatyou
shouldkeepinmindbecauseofthefundamentallydifferentbehaviorontheExadataplatform.

Functions in WHERE Clauses 
OracleprovidesalargesetoffunctionsthatcanbeapplieddirectlyinSQLstatements.Aswediscussed
inChapter2,notallofthosefunctionsareoffloadable.Knowingwhichfunctionsarenotoffloadableis
importantbecausetheuseofthosefunctionsinWHEREclausesdisablespredicatefilteringthatmay
otherwiseprovideamassivereductionintheamountofdatatobetransferredbacktothedatabase
layer.Obviously,custom-writtenPL/SQLfunctionsfallintothecategoryof“non-offloadable”functions
aswell.

Thisissueissomewhatcounterintuitive,sinceweareoftendoingfulltablescansanywaywithdata
warehousesystems.Onnon-Exadataplatforms,applyingafunctioninaWHEREclauseofastatementthat
isexecutedviaafulltablescandoesnotimposemuchofapenaltywithregardtotheamountofdata
thatmustbereturned,becausethedatabasemustalreadyreturnallblocksfromthetabletothe
databaseserver.WithExadata,though,applyingafunctionthatcandisablepredicatefilteringcan
imposeahugeperformancepenalty.Bytheway,usingcustomPL/SQLfunctionsinaWHEREclauseis
generallyalsoabadideaonnon-Exadataplatforms,becauseadditionalCPUwillberequiredtoprocess
PL/SQLforeachrow,asopposedtotheoptimizedfunctions,basedonCcode,providedbyOracle.

Note:YoucanqueryV$SQLFN_METADATAtoseewhichfunctionsareoffloadable.
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Furthermore,“offloadable”functionscanalsoimposelargeperformancepenalties.Here’savery
simpleexampleshowingthenegativeeffectofanoffloadablefunctioninaWHEREclause:



SYS@SANDBOX1> select count(*) from kso.skew3 where col2='KSO'; 
 
  COUNT(*) 
---------- 
         9 
 
Elapsed: 00:00:00.13 
SYS@SANDBOX1> select count(*) from kso.skew3 where upper(col2)='KSO'; 
 
  COUNT(*) 
---------- 
         9 
 
Elapsed: 00:00:13.16 
SYS@SANDBOX1> @fsx4 
Enter value for sql_text: select count(*) from kso.skew3 where%KSO% 
Enter value for sql_id:  
 
SQL_ID         CHILD OFFLOAD IO_SAVED_%  AVG_ETIME SQL_TEXT 
-------------------------------------------------------------------------------------- 
0u8gnxmm7cbdk      0 Yes         100.00        .12 select count(*) from kso.skew3 where col 
37t7fzkajz2fc      0 Yes          99.99      13.16 select count(*) from kso.skew3 where upp 
 
Elapsed: 00:00:00.08 
 

SoUPPERisanoffloadablefunction.YetwhenweuseditintheWHEREclauseofthisparticular
statement,theresultwasalargedegradationinperformance.Ifyou’vebeenfollowingalongon-screen,
youmayalreadyhaveaprettygoodideawhy.


SYS@SANDBOX1> select name, value from v$mystat s, v$statname n 
  2  where n.statistic# = s.statistic# 
  3  and name like '%storage%'; 
 
NAME                                                                        VALUE 
-------------------------------------------------------------------------------- 
cell physical IO bytes saved by storage index                                   0 
 
SYS@SANDBOX1> set timing on 
SYS@SANDBOX1> select count(*) from kso.skew3 where upper(col2)='KSO'; 
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  COUNT(*) 

---------- 
         9 
 
Elapsed: 00:00:13.29 
SYS@SANDBOX1> select name, value from v$mystat s, v$statname n 
  2  where n.statistic# = s.statistic# 
  3  and name like '%storage%'; 
 
NAME                                                                        VALUE 
-------------------------------------------------------------------------------- 
cell physical IO bytes saved by storage index                                   0 
 
Elapsed: 00:00:00.01 
SYS@SANDBOX1> select count(*) from kso.skew3 where col2='KSO'; 
 
  COUNT(*) 
---------- 
         9 
 
Elapsed: 00:00:00.10 
SYS@SANDBOX1> select name, value from v$mystat s, v$statname n 
  2  where n.statistic# = s.statistic# 
  3  and name like '%storage%'; 
 
NAME                                                                        VALUE 
-------------------------------------------------------------------------------- 
cell physical IO bytes saved by storage index                         15998312448 
 
Elapsed: 00:00:00.01 
 

Storageindexesaredisabledbyfunctions,justlikeregularindexes.Thisisnottoosurprising,but
again,whenwe’realreadydoingafullscan,we’vetrainedourselvestonotworryaboutfunctionsinthe
WHEREclausethatcoulddisableindexes.Exadataisdifferent.

Chained Rows 
Thisisaverybroadgeneralization,butbasicallyanyOracleprocessingthatrequiresreadinganextra
blocktocompletearowcausestheExadatastoragesoftwaretoreverttoblockshipping,orpass-through 
mode.Wehavediscussedthisinseveralplacesinthepreviouschapters.Asimpleexampleisachained
row,butthereareothersituationsthatcancauseOracletoreverttopass-throughmode.Whatthis
meansinpracticeisthatsomeoperationsthatcauseslightdelaysonnon-Exadataplatformscan
severelyimpactperformanceonExadata.Theprimarydiagnosticsymptomofthisissueisthepresence
ofmanysingle-block-readwaiteventsincombinationwithcellSmartScanwaitevents.Insuch
situations,youmayfindthatyouarebetteroffnotusingoffloadingforthestatementsinquestion.Here
isanexampleshowingwhereOraclespendsitstimewhenselectingfromatablewithchainedrows:
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SYS@SANDBOX1> select num_rows, chain_cnt, avg_row_len from dba_tables 
  2  where table_name = 'T_CHAINED2'; 
 
    NUM_ROWS    CHAIN_CNT  AVG_ROW_LEN 
------------------------------------ 
      100000       100000        12037 
 
1 row selected. 
 
SYS@SANDBOX> alter system flush buffer_cache; 
 
System altered. 
 
SYS@SANDBOX> select avg(length(c)) from tanel.t_chained2; 
 
AVG(LENGTH(C)) 
-------------- 
          4000 
 
1 row selected. 
 
 
Execution Plan 

---------------------------------------------------------- 
Plan hash value: 1927022845 
 
----------------------------------------------------------------------------------------- 
| Id  | Operation                  | Name       | Rows  | Bytes | Cost (%CPU)| Time     | 
----------------------------------------------------------------------------------------- 
|   0 | SELECT STATEMENT           |            |     1 |  4000 | 47533   (1)| 00:08:43 | 
|   1 |  SORT AGGREGATE            |            |     1 |  4000 |            |          | 
|   2 |   TABLE ACCESS STORAGE FULL| T_CHAINED2 |   100K|   381M| 47533   (1)| 00:08:43 | 
----------------------------------------------------------------------------------------- 
 
 
Statistics 
---------------------------------------------------------- 
          0  recursive calls 
          0  db block gets 
     332688  consistent gets 
     332683  physical reads 
          0  redo size 
        341  bytes sent via SQL*Net to client 
        448  bytes received via SQL*Net from client 
          2  SQL*Net roundtrips to/from client 
          0  sorts (memory) 
          0  sorts (disk) 
          1  rows processed 
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==== tkprof Output ==== 

 
SQL ID: 3upcma5nsnbcd Plan Hash: 1927022845 
 
select avg(length(c)) 
from 
 tanel.t_chained2 
 
 
call     count       cpu    elapsed       disk      query    current        rows 
------------- ------------------------------------------------ ---------- 
Parse        2      0.00       0.00          0          0          0           0 
Execute      2      0.00       0.00          0          0          0           0 
Fetch        4     23.39     110.56     332683     665392          0           2 
------------- ------------------------------------------------ ---------- 
total        8     23.39     110.56     332683     665392          0           2 
 
Misses in library cache during parse: 1 
Optimizer mode: ALL_ROWS 
Parsing user id: SYS 
Number of plan statistics captured: 2 
 
Rows (1st) Rows (avg) Rows (max)  Row Source Operation 
------------------------------ --------------------------------------------------- 
         1          1          1  SORT AGGREGATE (cr=332696 ... 
    100000     100000     100000   TABLE ACCESS STORAGE FULL T_CHAINED2 (cr=332696 ... 
 

 
Elapsed times include waiting on following events: 
  Event waited on                             Times   Max. Wait  Total Waited 
 ----------------------------------------   Waited ---------- ------------ 
  SQL*Net message to client                       4        0.00          0.00 
  SQL*Net message from client                     4        0.10          0.21 
  cell single block physical read            166208        0.05         93.25 <== wow! 
  reliable message                                1        0.00          0.00 
  enq: KO- fast object checkpoint                2        0.00          0.00 
  cell smart table scan                         256        0.01          0.11 
******************************************************************************** 

 
Inthisexampleweranaqueryagainstatableinwhicheveryrowwaschained(admittedlyabitof

anextremeexample).Wegenerateda10046traceduringtheexecutionofthestatementandthenran
tkrprofonthetracefile,whichproducedthelistofwaiteventsjustshown.Noticethatthestatement
hadanelapsedtimeofalmost2minutes(110seconds),ofwhichmorethan93secondswasspentdoing
single-blockphysicalreads.Thestatementusedafulltablescanandwasclearlyoffloaded,asindicated
bythecellsmarttablescanwaitevents,butitspentmostofitstimedoingsingle-blockreads.Ofcourse,
thesingle-blockreadswerearesultofthechainedrows.Thenextlistingshowsthedifferencebetween
runningthequerywithoffloadingandwithoutoffloading.
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==== turn off smart scans 

 
SYS@SANDBOX1> alter session set "_serial_direct_read"=true; 
 
Session altered. 
 
Elapsed: 00:00:00.01 
SYS@SANDBOX1> alter session set cell_offload_processing=false; 
 
Session altered. 
 
Elapsed: 00:00:00.00 
SYS@SANDBOX1> alter system flush buffer_cache; 
 
System altered. 
 
Elapsed: 00:00:01.99 
SYS@SANDBOX1> select avg(length(c)) from tanel.t_chained2; 
 
AVG(LENGTH(C)) 
-------------- 
          4000 
 
Elapsed: 00:00:08.78 <== chained rows, direct path reads, no smart scan 
 
 
==== turn off direct path reads 
 
SYS@SANDBOX1> alter session set "_serial_direct_read"=false; 
 
Session altered. 
 
Elapsed: 00:00:00.01 
SYS@SANDBOX1> alter system flush buffer_cache; 
 
System altered. 
 
Elapsed: 00:00:00.14 
SYS@SANDBOX1> select avg(length(c)) from tanel.t_chained2; 
 
AVG(LENGTH(C)) 
-------------- 
          4000 

 
Elapsed: 00:00:09.35 <== chained rows, single block reads, no smart scan 
 
==== turn on smart scans 
 
SYS@SANDBOX1> alter session set "_serial_direct_read"=true; 
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Session altered. 

 
Elapsed: 00:00:00.00 
SYS@SANDBOX1> alter session set cell_offload_processing=true; 
 
Session altered. 
 
Elapsed: 00:00:00.00 
SYS@SANDBOX1> alter system flush buffer_cache; 
 
System altered. 
 
Elapsed: 00:00:00.08 
SYS@SANDBOX1> select avg(length(c)) from tanel.t_chained2; 
 
AVG(LENGTH(C)) 
-------------- 
          4000 
 
Elapsed: 00:01:59.24 <== OUCH! smart scan is not good for lots of chained rows 
 
SYS@SANDBOX1> @fsx4 
Enter value for sql_text: select avg(length(c)) from tanel.t_chained2 
Enter value for sql_id:  
 
SQL_ID         CHILD OFFLOAD IO_SAVED_%  AVG_ETIME SQL_TEXT 
-------------------------------------------------------------------------------------- 
3upcma5nsnbcd      0 Yes        -27.41     159.24 select avg(length(c)) from tanel.t_chain 
 
Elapsed: 00:00:00.06 


NoticethatthestatementwasoffloadedandthattheIO_SAVED_%calculationproducedanegative
number.Thisshowsthatmorebyteswerereturnedbythestoragecellsthanthetotalnumberofbytes
thatthetableoccupies.It’sclearfromthisexamplethatchainedrowscanbemuchmoredetrimentalto
performancewhenattemptingtomakeuseofExadata’sSmartScansthantoqueriesthatarehandledin
normalblock-shippingmode.It’sworthnotingthatthisisanextremeexample,aseveryrowwas
chained.Infact,manyoftherecordsspannedthreeblocks.Inthisextremecase,itisclearthatavoiding
offloadingactuallyimprovestheperformancesignificantly.Ofcourse,eliminatingthechainedrows
wouldbethebestsolution.

Very Busy Cells 

WhenastoragecellbecomesverybusywithCPUoperations,itispossibleforthestoragesoftwareto
beginrefusingtoperformoffloadactivitiesonsomeportionoftherequests.Thatis,ifaparticularcell
becomesextremelybusyandisgettingoffloadablerequestsfromadatabaseserverthatisnot
particularlybusy,itmaydecidetosendsomedatabacktothedatabaseserverthathasnotbeen
processedorhasonlypartiallybeenprocessed.Insomecasescolumnprojectionmaybedonebutnot
filtering,inothercases,cellsrvmayreverttoshippingentireblocksbacktothedatabaselayer.Sowhile
thisissuedoesnotresultinacompleteshutdownofoffloading,itcanreducetheamountofworkthatis
doneonthestoragetier.
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Thisisanextremelycomplextopic,anditisdifficulttoobservethebehaviordirectly.Thegoalofthe
featureistoutilizeavailableCPUresourcesregardlessofwhethertheyareonthedatabasetierorthe
storagetier.Thisbehaviorwasintroducedrelativelyrecently,incellsrvversion11.2.2.3.1with
databasesrunning11.2.0.2withbundlepatch6orlater.Thereisastatisticcalledcell physical IO 
bytes pushed back due to excessive CPU on cellin11.2.0.2withBP6andlaterthatshowsthisis
happening.Notethatthestatisticnamemaychangeinafutureversiontosomethingreferringto
“balancingCPUusage.”Thefeatureisdesignedtoimprovethroughputonverybusysystems,butitmay
alsocausesomedegreeofinstabilityintheperformanceofcertainstatements.Itispossibletodisable
thisfeatureifyourcellsrviserroneouslydecidingitistoobusytotakeonadditionalwork;butin
general,ifyouobservethisbehavior,youareprobablygettingclosetothelimitsofthesystem.Adding
additionalresourcesatthestoragelayer(morestoragecells)maybeaviableoption.

KevinSays:Theauthorsarecorrectintheirdescriptionofthisnew“feature.”However,thereisonepointI
cannotstressenough,andthatisthatthemostcompute-intensiveworkinqueryprocessingmustoccurinthe
databasegrid;yettherearesignificantlyfewerprocessorstherethaninthestoragegrid(forexample,1:1.75inthe
X2-2and1:1.31intheX2-8models).Intheend,theonlythingthatmattersiswhethertheusers’experienceis
satisfactory.However,diagnosinganunsatisfactoryuserexperiencemayprovedifficultwhenthisfeatureis
invoked.Thefeaturehasthepropensitytopassasmuchas40%ofthephysicalI/Opayloadtothecellseither
completelyunprocessedoronlylightlyprocessed(asin,forexample,EHCCprojection).So,therearesome
scenariosIwouldbeparticularlyconcernedabout.Allowmetoexplain.

Wearenolongerlivingthe“good life”ofthe1990s,whenUnixsystemswerephysicallyconstrainedbycardslots
formemoryandCPU.Wehavesystemswithvastamountsofmemory(arapidlyincreasingtrend)andampleCPU.
Wearenolongerlivingthe“good life”of“ampleCPU”bottleneckedbyfront-side-buslimitations.Inshort,the
industryisdeliveringtoushuge,fast,balancedsystems.TheserversintheExadataDatabaseMachineareno
exception.ThesignificantcostofExadataincludesafeatureknownasin-memory parallel queryandother
featuresthatcanserviceusers’needswithouttouchingstorageinthecells.I’mreferringtofeaturesthatlean
heavilyonhost-tierresourcesand,infact,relyverylittleonoffloadprocessing.IfyourExadatasystemhostsan
applicationthatexhibitsburstsofdatabase-tier,CPU-intensiveprocessingintermixedwithusecasesthatdrive
cellstoprocessorsaturation,Iurgeclosemonitoringofthispush-back(akapass-through)feature.Heuristicsthat
governthe“when”and“howmuch”forsuchafeatureareverydifficulttogetright.Iftheheuristicsaretriggering
thisfeature,theperformanceofcertainapplicationsmaysuffer—probablyatatimewhenyoureallyaren’tinthe
moodfordealingwithunpredictablesystemperformance.However,astheauthorspointout,therearemetrics
available,andthefeaturecanbetuned—orevendisabledifnecessary.

WiththisfeatureinthemixIknowthefirstthingI’dcheckshoulduserscomplainaboutresponsetime,because
whenthisfeatureistriggeredyoushouldexpectyourdatabasegridprocessorstoratchetuptocomplete
saturation.IfyournormalhostCPUutilizationlevelisnot100%whenusersarehappy,thenperhapsalittle
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deductivereasoningwillgoalongwaytowardfiguringoutwhathasgonewrongshouldthecomplaintscomein.
Havingsaidallthat,let’snotforgetforamomentthatDW/BIworkloadsmustburnCPU.Thatisthenatureofthe
beastasitwere.Lifeisanever-endingseriesofchoices.

CASE Statements 

CASEstatements(andtheiroldercousintheDECODEfunction)areoftenusedtoavoidrepeatedscansof
thesametable.Generallyspeakingthisisareasonabletechnique,althoughanalyticfunctionsnow
provideanotherwaytodealwiththisissue.Nevertheless,itisquitecommontoseecodethatapplies
thistrick.ThewholeideaistoreplaceWHEREclauseswithCASEstatements.Thisisperfectlyreasonable
whenalltheblocksmustbeshippedbacktothedatabaseservertobeevaluated.ButwithExadata’s
abilitytodofilteringatthestoragelayer,thistechniquemaynotbethebestsolution.Here’saquick
example:

SYS@SANDBOX1> alter session set cell_offload_processing=false; 
 
Session altered. 
 
Elapsed: 00:00:00.00 
SYS@SANDBOX1>-- Without Smart Scans 
SYS@SANDBOX1> select /*+ full(a) */ count(*) from kso.skew a where col1 =1; 
 
  COUNT(*) 
---------- 
   3199971 
 
Elapsed: 00:00:11.04 
SYS@SANDBOX1> select /*+ full(a) */ count(*) from kso.skew a where col1 = 999999; 
 
  COUNT(*) 
---------- 
        32 
 
Elapsed: 00:00:10.52 
SYS@SANDBOX1> select sum(case when col1 = 1 then 1 else 0 end) how_many_ones, 
  2                  sum(case when col1 = 999999 then 1 else 0 end) how_many_nines 
  3  from kso.skew; 
 
HOW_MANY_ONES HOW_MANY_NINES 
--------------------------- 
      3199971             32 
 
Elapsed: 00:00:12.83 

Soyoucanseethatwithoutoffloading,combiningthestatementsbasicallycutstheelapsedtimein
half.Thisiswhatwe’reusedtoseeingonanon-Exadataplatform.Nowlet’sseewhathappenswhenwe
enableSmartScans:
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SYS@SANDBOX1> alter session set cell_offload_processing=true; 
 
Session altered. 
 
Elapsed: 00:00:00.00 
SYS@SANDBOX1> alter session set "_serial_direct_read"=true; 
 
Session altered. 
 
Elapsed: 00:00:00.00 
SYS@SANDBOX1>-- With Smart Scans 
SYS@SANDBOX1> select /*+ full(a) */ count(*) from kso.skew a where col1 =1; 
 
  COUNT(*) 
---------- 
   3199971 
 
Elapsed: 00:00:01.06 
SYS@SANDBOX1> select /*+ full(a) */ count(*) from kso.skew a where col1 = 999999; 
 
  COUNT(*) 
---------- 
        32 
 
Elapsed: 00:00:00.08 
SYS@SANDBOX1> select sum(case when col1 = 1 then 1 else 0 end) how_many_ones, 
  2                  sum(case when col1 = 999999 then 1 else 0 end) how_many_nines 
  3  from kso.skew; 
 
HOW_MANY_ONES HOW_MANY_NINES 
--------------------------- 
      3199971             32 
 
Elapsed: 00:00:04.33 
 

Offloadingcompletelyreversestheresults.Thetotalelapsedtimetorunthetwoindividual
statements(1.14seconds)isabout25%ofthetimerequiredtocompletethecombinedstatement(4.33
seconds).Noticealsothatthecombinedstatementrunsinaquarterofthetimeittookwithout
offloading,buttheindividualstatementscompletedinroughlyone-tenththetimethatwasrequired
withoutoffloading.Thecombinedstatementwasnotaseffectiveastheindividualstatements,sincethe
CASEstatementcauseseachrecordinthetabletobereturnedtothedatabaseserverforevaluation.So
whilethestatementdoesbenefitfromcolumnprojection,itdoesnotbenefitfrompredicatefilteringor
storageindexes.Justtobeclear,CASEstatementsdon’tdisableSmartScans,buttheyareoftenusedina
waythatreducestheireffectivenessbyeliminatingtheopportunitytofilterrowsatthestoragelayer.
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Hinted Code 

Hintsareveryusefulforcoercingtheoptimizertodowhatyouwantittodo.Unfortunately,hintsarenot
welldocumentedandevenlesswellunderstood.Inmanycases,hintsareusedtoresolveaproblemthat
iscausedbysomemisconfigurationofthedatabase.Theirintendedpurposeistoallowhumanstohelp
theoptimizermaketherightchoicesinsituationswhereitjustcan’tdothejobeffectively(or
consistently)onitsown.Thishappensinsituationswheretheoptimizerisjustnotsmartenough(yet)to
arriveatthebestexecutionplaninaspecificsituation.However,evenwhenhintsareusedappropriately
andaregeneratingtheexpectedbehavior,theycanpreventExadatafromtakingadvantageofsomeofits
builtinabilities.SothebestapproachwhenmigratingtoExadataistoallowampletimefortesting.And
ifyourapplicationmakesuseofhints,oneoftheimportantstepsinthetestplanshouldbetotestits
behaviorwithoutthehints.Thiscaneasilybeaccomplishedbysettingthehiddenparameter
_optimizer_ignore_hintstotrue.

Indexes 

Thismayseemlikeastrangetopic,butindexescanworkagainstSmartScansaswell.Theoptimizerwill
trytouseindexesiftheyareavailable.Inatruedatawarehouseenvironment,indexesmaynotbe
necessaryatall.We’llhavemoretosayaboutindexesinthenextsectiononmixedworkloads,butitis
importanttounderstandthatindexusageoftenmeansthatoffloadingislesslikelytooccur.

Row-at-a-Time Processing 

Itisamazinghowoftenweseerowatatimeprocessinginverylargedatasets.Thistypeofcodingis
rarelyagoodideaonnon-Exadataplatforms,anditisdefinitelynotagoodideaonExadata.Infact,the
differencesinperformancecanbeevenmoredramaticonExadatabecauseoftheoptimizationsbuilt
intotheplatform.

OtherThingstoKeepinMind
ThereareafewotherthingsthatyoushouldkeepinmindwhenworkingwithDWsystems:theuseof
ExadataSmartFlashCache,compression,andpartitioning.

Exadata Smart Flash Cache: Keep 

ExadataSmartFlashCache(EFSC)isthoughtofprimarilyasprovidingbenefittolatency-sensitiveSQL
statements.It’simportanttorememberthatitcandramaticallyimprovescanperformanceaswell.By
default,SmartScanswillignoreESFCandwillonlyscandisks.However,ifanobjectisdefinedwiththe
CELL_FLASH_CACHEattributesettoKEEP,SmartScanswilluseboththedisksandtheESFCforscanning.
Obviously,overridingthedefaultcachingbehaviorforalargeobjectwillrequiresomethoughtand
testing,butthisisdefinitelysomethingworthconsidering.Here’sanexample:



SYS@SANDBOX1> alter session set cell_offload_processing=false; 
 
Session altered. 
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SYS@SANDBOX1> select count(*) from kso.skew3; 

 
  COUNT(*) 
---------- 
 384000048 
 
Elapsed: 00:00:50.11 
SYS@SANDBOX1> alter session set cell_offload_processing=true; 
 
Session altered. 
 
Elapsed: 00:00:00.06 
SYS@SANDBOX1> select count(*) from kso.skew3; 
 
  COUNT(*) 
---------- 
 384000048 
 
Elapsed: 00:00:26.12 
 
Elapsed: 00:00:00.04 
SYS@SANDBOX1> alter table kso.skew3 STORAGE (CELL_FLASH_CACHE KEEP); 
 
Table altered. 
 
Elapsed: 00:00:00.07 
SYS@SANDBOX1> select count(*) from kso.skew3; 
 
  COUNT(*) 
---------- 
 384000048 
 
Elapsed: 00:00:28.74 
SYS@SANDBOX1> select count(*) from kso.skew3; 
 
  COUNT(*) 
---------- 
 384000048 
 
Elapsed: 00:00:09.46 
SYS@SANDBOX1> / 
 
  COUNT(*) 
---------- 
 384000048 
 
Elapsed: 00:00:08.06 
SYS@SANDBOX1> alter table kso.skew3 STORAGE (CELL_FLASH_CACHE DEFAULT); 
 
Table altered. 
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Elapsed: 00:00:00.21 
SYS@SANDBOX1> select count(*) from kso.skew3; 
 
  COUNT(*) 
---------- 
 384000048 
 
Elapsed: 00:00:26.10 
 

InthisexampleweturnedoffSmartScansanddidaquerywithoutaWHEREclause.Thequerytook50
seconds.WethenenabledSmartScansandranthequeryagain.Thistimethequerytookonly26
seconds.Nextwealteredthetable,tellingOraclethatwewantedESFCtobemoreaggressiveincaching
thistable(CELL_FLASH_CACHE KEEP).Wethenexecutedthestatementagain;thisdidnotresultinan
improvementinperformance,becausethetable’sblockswerenotstoredinESFCatthatpoint.The
subsequentexecutions,though,tookonly8to9seconds,showingthebenefitofthecaching.Finally,we
disabledtheaggressivecachingandthestatementexecutionreturnedto26seconds.Thisshortexample
showsthatmakinguseofESFCforoffloadedqueriescanhaveasignificantimpactonperformance.

Compression 

Exadata’sHCCisabigstepforwardinitsabilitytoreducethesizeofdatastoredinsideofOracle
databases.ThecompressionratiosthatareachievablewithHCCturntheconceptofinformation
lifecyclemanagementonitshead.HCCmakesitpracticaltoconsiderusingcompressioninsteadof
tieredstorageorarchivingandpurgingstrategies.Becausepartitionsofatablecanbedefinedtouse
differentcompressionmethods,thecombinationofpartitioningandcompressioncanprovideamuch
morerobustsolutionfor“archiving”datathanactuallypurgingitfromthedatabase.

Youshouldremember,though,thatHCCitisnotappropriatefordatathatisbeingactivelyupdated.
AbetterapproachistopartitiondatasuchthatHCCcanbeappliedtodatathatisnolongerbeing
changed.Thisleadsustothenexttopic,partitioning.

Partitioning 

Partitioningisstillaverykeycomponentfordatawarehousingsystems.Theoptimizationsprovidedby
Exadatadonotalleviatetheneedforawell-thought-outpartitioningstrategy.Ofcourse,date-based
strategiesareveryusefulfromamanagementstandpoint.Beingabletousemoreaggressive
compressiononolderdataisoftenagoodapproach.Butpartitioneliminationisstillatechniquethat
youwillwanttouse.Andofcourse,storageindexescanworkwellwithpartitioning,providingbehavior
comparabletopartitioneliminationonadditionalcolumns.

YoushouldkeepinmindthatthesizesofpartitionscanaffectOracle’sdecisiontouseSmartScans.
Whenperformingaserialscanonapartitionedobject,thedecisiontododirectpathreadsisbasedon
theindividualpartitionsize,nottheoverallsizeoftheobject.Thiscanresultinsituationswherescansof
somepartitionsareoffloaded,whilescansofothersarenot.

Mixed Workloads 
Thereisathirdtypeofsystemthatisacombinationoftheothertwo.Infact,wecouldarguethatthe
othertwo(OLTPandDW)rarelyexistintherealworld.Therearemanysystemsthatdon’tfallneatly
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intothetwomaincategorieswe’vealreadydescribed.Infact,mostsystemsdisplaycharacteristicsof
both.

Combininglong-running,throughput-sensitivequerieswithfast,latency-sensitivestatements
definitelyintroducessomeadditionalissuesthatmustbedealtwith.Oneofthemainissuesinsystems
ofthistypeishowtodealwithindexes.

ToIndexorNottoIndex?
Oneofthebiggestdebateswe’vehadduringExadataimplementationsiswhethertodropindexesornot.
AccesspathsthatuseindexesaregenerallynotabletotakeadvantageofExadata-specificoptimizations.
Wesaygenerally,becauseoffloadingcanoccurincaseswheretheoptimizerchoosestoexecuteaFast
FullScanonanindex,butthisisnotthemostcommonusagepatternforindexes.Themorecommon
patternistousethemforretrievingrelativelyfewrecordsfromatableusinganIndexRangeScan,and
thisoperationisnotcurrentlyoffloadable.Generallyspeaking,wewanttouseindexrangescanson
selectivepredicates,butsinceExadataissoeffectiveatscanningdisk,inmanycasestheindex-based
accesspathsarenolongerfasterthanthescan-basedaccessoperations.It’sreallyacaseofgettingour
bearingsalloveragainwithrespecttowhenwewanttouseindexesandwhenwewouldexpectafull
scantoperformbetter.

OneofthethingswecommonlyheardwhenExadatawasfirststartingtoappearatcustomersites
wasthatindexeswerenolongernecessaryandthattheyshouldbedropped.Forpuredatawarehouse
workloads,thismayactuallybeprettygoodadvice.However,werarelyseeanythingpure.Mostsystems
haveamixofaccesspatterns,withonesetofstatementshopingforlowlatencyandanothersethoping
forhighthroughput.Inthesecases,droppingallindexesjustwillnotwork.Thisiswhywesavedthis
discussionforthissection.Theproblemwithmixedworkloads,whereitisnecessarytokeepindexesfor
specificsetsofstatements,isthattheoptimizerisnotaswellequippedtochoosebetweenusingand
ignoringthemasonemighthope.We’lldiscusstheoptimizer’slimitationsnext.

KevinSays:IknowtheoriginofthemistakennotionthatindexesarenotnecessarywithExadata.Yousee,
OracleDatabaseenjoyedmajoritymarketshareoftheworld-widedatawarehousingmarket(asperindustry
analysts)beforeExadatacametomarket.ThemethodologyrequiredtocoerceOracleDatabaseintodelivering
adequateperformanceinthepre-Exadataerarequiredanimmenseamountof“indextrickery.”Oracle’s
competition(mostnotablyNetezza[nowIBM]andGreenplum[nowEMC])focusedtheirmarketingmessageonthis
“Achillesheel.”However,thisover-indexingphenomenon(withalltheassociatedcomplexities)wasneveran
Oracledatabaseweaknessperse.BeforetheoriginalreleaseofExadatain2008,customersdidnothavethe
richnessofsystemstechnologyavailableforconfiguringahigh-bandwidth,balancedDW/BIsystem.Imbalance
andlowbandwidthdrovetheneedtoavoiddoingphysicalI/O.TheonlywaytoavoidphysicalI/Ointhaterawasto
fallintothe“indexdeath-spiral,”asitbecameknownincertaincliqueswithinOracle.WhileExadatacertainly
addressestheI/Obottlenecks,thereremainsoneall-encompassingtruth:Itisalwaysfasternot todosomething
thantodosomethingfast.Tothatend,Exadataadministratorsneedtorememberthatsomeofthetoolstheir
companyhaspaidforincludeon-diskindexingtechnology.Alwaysusetherighttoolsforthejobathand.
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ToclosethistrainofthoughtI’dliketoputsomethingintoperspective.ThesoftwarethatputOracleinthemarket
leadershippositionforDW/BIpriortoExadatawasOracleDatabase10gRelease2.IfyouweretodeployOracle
Database10gRelease2onthesamenumberofprocessorcoresyouusedinthepre-Exadatatimeframe(circa
2007),youcouldeasilyenjoyasmuchasatenfoldperformanceincreaseforprocess-intensiveusecases.And,
sincethemethodologyfordeployingOracleforDW/BIusecasesinthattimeframeusedeverytrickinthebookto
avoidphysicalI/O,itisfairtopresumethatthosesystemsweregenerallyCPU-bound.Indeed,systemsthatare
neitherCPU-intensivenorI/O-intensiveareprobablynotconsideredcritical.

Inourday-to-dayworkasITprofessionalsitiseasytomissjusthowrapidlytechnologyisadvancingallaround
us—particularlywhenwearenaturallyconservativeaboutmigratingproductionapplicationstostate-of-the-art
technology,andthestateoftheart—withorwithoutExadata—hasbeenadvancingataphenomenalpace.

TheOptimizerDoesn’tKnow
We’vemadethepointseveraltimesthattheoptimizerisnotawarethatitisrunningonExadata(yet).In
general,theprinciplesthatguidetheoptimizerdecisionsaresoundregardlessofthestorageplatform.
Thefactthatthecodeonthedatabasetierisidenticalregardlessofwhetherit’srunningonExadataor
notmeansthatanapplicationwillbehavesimilarlyonExadataintermsofplanselection.Soyou
shouldn’texpectanyapplicationtoexperiencealargenumberofchangesintheplanscausedsimplyby
movingtoExadata.Thisisagoodthingfromastabilitystandpoint.

ThedownsideisthattheoptimizerisnotawarethatExadatahasoptimizationsthatcancausefull
scanstoperformmuchbetterthanonotherplatforms.Somixed-workloadsystemsthathavemany
indexesmaketheoptimizer’sjobmorechallenging.Infact,asyoumightexpect,theoptimizerwilltend
topickindex-orientedplansinpreferencetoscan-basedplansinsituationswhereindexesareavailable,
despitethefactthatthescan-basedplansareoftenmuchfaster.

Thereareseveralwaystodealwiththeoptimizer’stendencytopreferindexaccessoverfulltable
scans.Systemstatistics,optimizerparameters,andhintsallcometomindaspotentialsolutions.

KevinSays:AlthoughtheauthorsarecorrecttopointoutthecurrentlackofExadata-awareoptimizercode,I
doexpectthattochange.ThereshouldcertainlybeExadata-awareoptimizerimprovementsshowingupovertime.

System Statistics 

Systemstatisticsprovidetheoptimizerwithadditionalinformationaboutthe“system,”includinghow
longittakestodoasingle-blockread(typicalofindexlookups)andhowlongittakestodoamulti-block
read(typicaloffulltablescans).Thismayappeartobeanidealmechanismtomanipulatetheoptimizer
bygivingittheadditionalinformationitneedstomaketherightdecisions.Unfortunately,SmartScans
arenotbasedonmulti-blockreadsandinfact,SmartScanscanbeordersofmagnitudefasterthan
multi-blockreads.SomodifyingSystemStatisticsisprobablynotthebestoptioninthiscase.
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Note:TheissueofwhethertogathersystemstatisticsonExadatacomesupfairlyoften.Systemstatisticsare
designedtoprovideadditionalinformationtotheoptimizeraboutthebehaviorcharacteristicsofthehardware.In
particular,theyprovidevaluesforaveragesingle-blockandaveragemulti-blockreadtimes.SinceExadataoften
avoidsactuallyperformingmulti-blockreads,usingSmartScansinstead,itseemscounterintuitivetoprovide
informationtotheoptimizeraboutanoperationthatwillseldombeused,particularlywhenthisisoneofthemain
inputsintotheoptimizer’scostcalculations.Ifthatargumentisnotenoughforyou,thenpleasereviewMOSNote
1094934.1,whichspecificallystates:

Note:       It is currently not necessary to gather system statistics on the database machine.  

Optimizer Parameters 

Thereareacoupleofinitializationparametersthatcanpushtheoptimizertowardorawayfromindex
usage.TheparametersOPTIMZER_INDEX_CACHINGandOPTIMIZER_INDEX_COST_ADJcanbothbeusedforthis
purpose.Whilethesearebigknobsthatcanaffectthecorefunctionalityoftheoptimizer,theywere
designedfortheverypurposeofmakingindexesmoreorlessattractivetotheoptimizer.Usingthe
parametersinalimitedway,suchaswithanalter sessioncommandbeforerunninglargebatch
processes,isaviableapproachinsomecases.Theseparameterscanalsobesetatthestatementlevel
usingtheOPT_PARAMhint.Here’saverysimpleexample:



SYS@SANDBOX> @bloom_join2.sql 
 
COL2                           SUM(A.COL1) 
----------------------------------------- 
asddsadasd                       153598416 
2342                                   144 
 
Elapsed: 00:03:21.39 
SYS@SANDBOX> alter session set optimizer_index_cost_adj=10000; 
 
Session altered. 
 
Elapsed: 00:00:00.07 
SYS@SANDBOX> @bloom_join2.sql 
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COL2                           SUM(A.COL1) 

----------------------------------------- 
asddsadasd                       153598416 
2342                                   144 
 
Elapsed: 00:01:08.64 
SYS@SANDBOX1> @dplan 
Enter value for sql_id: 09m6t5qpgkywx 
Enter value for child_no:  
 
PLAN_TABLE_OUTPUT 
-------------------------------------------------------------------------------------------- 
SQL_ID  09m6t5qpgkywx, child number 0 
------------------------------------- 
select /*+ bloom join 2  use_hash (skew temp_skew) */ a.col2, 
sum(a.col1) from kso.skew3 a, kso.skew2 b where a.pk_col = b.pk_col and 
b.col1 = 1 group by a.col2 
 
Plan hash value: 466947137 

 
----------------------------------------------------------------------------------------- 
| Id  | Operation                             | Name       | Rows  | Bytes | Cost (%CPU)|  
----------------------------------------------------------------------------------------- 
|   0 | SELECT STATEMENT                      |            |       |       | 37239 (100)|           
|   1 |  PX COORDINATOR                       |            |       |       |            |           
|   2 |   PX SEND QC (RANDOM)                 | :TQ10002   |     2 |    66 | 37239   (1)|  
|   3 |    HASH GROUP BY                      |            |     2 |    66 | 37239   (1)|  
|   4 |     PX RECEIVE                        |            |     2 |    66 | 37239   (1)|  
|   5 |      PX SEND HASH                     | :TQ10001   |     2 |    66 | 37239   (1)|  
|   6 |       HASH GROUP BY                   |            |     2 |    66 | 37239   (1)|  
|*  7 |        HASH JOIN                      |            |  1706 | 56298 | 37238   (1)|  
|   8 |         BUFFER SORT                   |            |       |       |            |           
|   9 |          PX RECEIVE                   |            |   142 |  1562 |   131   (0)|  
|  10 |           PX SEND BROADCAST           | :TQ10000   |   142 |  1562 |   131   (0)|  
|  11 |            TABLE ACCESS BY INDEX ROWID| SKEW2      |   142 |  1562 |   131   (0)|  
|* 12 |             INDEX RANGE SCAN          | SKEW2_COL1 |   142 |       |     3   (0)|  
|  13 |         PX BLOCK ITERATOR             |            |   384M|  8056M| 37020   (1)|  
|* 14 |          TABLE ACCESS STORAGE FULL    | SKEW3      |   384M|  8056M| 37020   (1)|  
----------------------------------------------------------------------------------------- 

 
Predicate Information (identified by operation id): 
--------------------------------------------------- 
 
   7- access("A"."PK_COL"="B"."PK_COL") 
  12- access("B"."COL1"=1) 
  14- storage(:Z>=:Z AND :Z<=:Z AND SYS_OP_BLOOM_FILTER(:BF0000,"A"."PK_COL")) 
       filter(SYS_OP_BLOOM_FILTER(:BF0000,"A"."PK_COL")) 
 
SQL_ID  09m6t5qpgkywx, child number 1 
------------------------------------- 
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select /*+ bloom join 2  use_hash (skew temp_skew) */ a.col2, 
sum(a.col1) from kso.skew3 a, kso.skew2 b where a.pk_col = b.pk_col and 
b.col1 = 1 group by a.col2 
 
Plan hash value: 2628392092 
 
------------------------------------------------------------------------------------- 
| Id  | Operation                           | Name     | Rows  | Bytes | Cost (%CPU)| 
------------------------------------------------------------------------------------- 
|   0 | SELECT STATEMENT                    |          |       |       | 49465 (100)|           
|   1 |  PX COORDINATOR                     |          |       |       |            |           
|   2 |   PX SEND QC (RANDOM)               | :TQ10002 |     2 |    66 | 49465   (1)|  
|   3 |    HASH GROUP BY                    |          |     2 |    66 | 49465   (1)|  
|   4 |     PX RECEIVE                      |          |     2 |    66 | 49465   (1)|  
|   5 |      PX SEND HASH                   | :TQ10001 |     2 |    66 | 49465   (1)|  
|   6 |       HASH GROUP BY                 |          |     2 |    66 | 49465   (1)|  
|*  7 |        HASH JOIN                    |          |  1706 | 56298 | 49464   (1)|  
|   8 |         PX RECEIVE                  |          |   142 |  1562 | 12357   (1)|  
|   9 |          PX SEND BROADCAST          | :TQ10000 |   142 |  1562 | 12357   (1)|  
|  10 |           PX BLOCK ITERATOR         |          |   142 |  1562 | 12357   (1)|  
|* 11 |            TABLE ACCESS STORAGE FULL| SKEW2    |   142 |  1562 | 12357   (1)|  
|  12 |         PX BLOCK ITERATOR           |          |   384M|  8056M| 37020   (1)|  
|* 13 |          TABLE ACCESS STORAGE FULL  | SKEW3    |   384M|  8056M| 37020   (1)|  
------------------------------------------------------------------------------------- 
 
Predicate Information (identified by operation id): 
--------------------------------------------------- 
 
   7- access("A"."PK_COL"="B"."PK_COL") 
  11- storage(:Z>=:Z AND :Z<=:Z AND "B"."COL1"=1) 
       filter("B"."COL1"=1) 
  13- storage(:Z>=:Z AND :Z<=:Z AND SYS_OP_BLOOM_FILTER(:BF0000,"A"."PK_COL")) 
       filter(SYS_OP_BLOOM_FILTER(:BF0000,"A"."PK_COL")) 


Sointhissimpleexample,pushingtheoptimizerawayfromindexeswiththealter sessioncaused

theoptimizertopickaplanthatwasconsiderablyfaster.Theplansshowthattheimprovementin
elapsedtimewasaresultofdoingafulltablescan,insteadofusingtheindex.

Hints 

Ofcoursehintscanalsobeusedtohelptheoptimizermaketherightchoices,butthatissomewhatofa
slipperyslope.Nevertheless,tellingOraclethatyouwouldprefertodoahashjoinorignoreaspecific
indexisanoption.Asmentionedintheprevioussection,theOPT_PARAMhintcanalsoproveusefulfor
settingsomeinitializationparametersthatcaninfluencetheoptimizer’sdecisions.

UsingResourceManager
It’sacommonlyheldbeliefthatOracledatabasescan’tbeconfiguredtoadequatelyhandlebothDWand
OLTPworkloadsatthesametime.Andintruth,keepingthemonseparatesystemsdoesmakethem
easiertomanage.Thedownsideofthisapproachisthatitisexpensive.Manycompaniesdedicatethe
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majorityoftheircomputingresourcestomovingdatabetweenplatforms.ThepowerofExadatamakesit
temptingtocombinetheseenvironments.KeepinmindthatExadatahasadditionalcapabilitiesfor
dividingresourcesbetweenmultipledatabasesthatarenotavailableonotherplatforms.IORMcan
preventlong-runningDWqueriesfromcripplinglatency-sensitivestatementsthatarerunningonthe
samesystem.HavingagoodunderstandingofOracle’sresourcemanagementcapabilitiesshould
changethewayyouthinkaboutwhatispossibleinamixed-workloadorconsolidatedenvironment.
ResourcemanagementiscoveredindepthinChapter7.

Summary 
Exadataisdifferent.Tomakethebestuseofityou’llneedtothinkdifferently.
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CellCLI and dcli 

CellCLIisacommandinterpreterthroughwhichyoucanmanageastoragecell.Itistoacellwhat
SQL*Plusistoadatabaseinstance.dcliisautilitybywhichyoucansendasinglecommandtoallyour
databaseserversand/orstoragecellsinonego.Wedescribebothutilitiesbrieflyinthisappendix.

CellCLI Command Syntax 
ExadatastoragesoftwareusestheCellCLIutilityasitscommand-lineinterface.Unfortunately,although
thedocumentationsetthatcomeswithExadatadoeshavemanyexamplesofCellCLIcommands,and
evenachapterdedicatedtoCellCLI,itdoesnotincludeanyreferencematerialonthesyntaxitself
(particularlytheLISTcommand).Sowethoughtwewouldincludeafewofthethingswelearnedwhile
workingwithit.

It’sinterestingthatOraclechosetowriteanentirelynewcommand-linetoolformanagingthe
storagecell.TheycouldhaveusedSQL*Plus,whichhasbecomethemostwell-knowntoolformanaging
databasesandASM.Bethatasitmay,CellCLIisthetoolyouwilluseformanagingthestoragecells.The
syntaxissomewhatdifferentfromSQL*Plus,buttherearesimilarities,particularlywiththeLIST
command.LISTisusedtoexecutequeries,anditlooksverysimilartotheSELECTcommandthatDBAs
havebecomeaccustomedto.LikeSELECT,ithasWHEREandLIKEkeywordsthatallowyoutofilterout
unwantedinformationfromtheoutput.

Followingisourtop-tenlistofthingsyoushouldknowaboutCellCLI:

1. CellCLIdoesimplementahandfulofSQL*Pluscommands(START (@),SET 
ECHO ON,SPOOL,DESCRIBE,andHELP).

2. SELECTisreplacedbyLIST,anditmustbethefirstkeywordonthecommand
line.

3. ThereisnoFROMkeyword(theLISTkeywordmustbeimmediatelyfollowed
bytheObjectType,whichisequivalenttoatablename).

4. ThereisaDESCRIBEcommand,whichdisplaystheattributes(columns)that
makeupanObjectType(table),

5. ColumnnamesarespecifiedwiththeATTRIBUTESkeywordfollowedbythe
columnsyouwishtobedisplayed.

6. ThereisadefaultsetofcolumnsforeachObjectTypethatwillbereturnedif
theATTRIBUTESkeywordisnotspecified.

7. ThereisaWHEREclausethatcanbeappliedtoanyattributeandmultiple
conditionscanbeANDedtogether;however,thereisnosupportforOR.
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8. ThereisnoORDER BYequivalent.

9. TheDETAILkeywordcanbeappendedtoanyLISTcommandtochangethe
outputfromcolumnorientedtoroworiented.

10. TheLIKEoperatorworks,butinsteadofthestandardSQLwildcard,%,CellCLI
usesregex,so%becomesthe.*

GettingFamiliarwithCellCLI
AgoodwaytobegintogetfamiliarwithCellCLIistoexploreitshelpinterface.Followingisanexample
ofinvokingonlinehelp:

 

CellCLI> help  
  
 HELP [topic] 
   Available Topics: 
        ALTER 
        ALTER ALERTHISTORY 
        ALTER CELL 
        ALTER CELLDISK 
        ALTER GRIDDISK 
        ALTER IORMPLAN 
        ALTER LUN 
        ALTER THRESHOLD 
        ASSIGN KEY 
        CALIBRATE 
        CREATE 
        CREATE CELL 
        CREATE CELLDISK 
        CREATE FLASHCACHE 
        CREATE GRIDDISK 
        CREATE KEY 
        CREATE THRESHOLD 
        DESCRIBE 
        DROP 
        DROP ALERTHISTORY 
        DROP CELL 
        DROP CELLDISK 
        DROP FLASHCACHE 
        DROP GRIDDISK 
        DROP THRESHOLD 
        EXPORT CELLDISK 
        IMPORT CELLDISK 
        LIST 
        LIST ACTIVEREQUEST 
        LIST ALERTDEFINITION 
        LIST ALERTHISTORY 
        LIST CELL 
        LIST CELLDISK 
        LIST FLASHCACHE 
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        LIST FLASHCACHECONTENT 
        LIST GRIDDISK 
        LIST IORMPLAN 
        LIST KEY 
        LIST LUN 
        LIST METRICCURRENT 
        LIST METRICDEFINITION 
        LIST METRICHISTORY 
        LIST PHYSICALDISK 
        LIST THRESHOLD 
        SET 
        SPOOL 
        START 
 
 
CellCLI> help list 
  
  Enter HELP LIST <object_type> for specific help syntax. 
    <object_type>:  {ACTIVEREQUEST | ALERTHISTORY | ALERTDEFINITION | CELL  
                     | CELLDISK | FLASHCACHE | FLASHCACHECONTENT | GRIDDISK 
                     | IORMPLAN | KEY | LUN  
                     | METRICCURRENT | METRICDEFINITION | METRICHISTORY  
                     | PHYSICALDISK | THRESHOLD } 
  
CellCLI> help list FLASHCACHECONTENT 
  
  Usage: LIST FLASHCACHECONTENT [<filters>] [<attribute_list>] [DETAIL]  
  
  Purpose: Displays specified attributes for flash cache entries. 
  
  Arguments: 
    <filters>:  An expression which determines the entries to be displayed. 
    <attribute_list>: The attributes that are to be displayed. 
                      ATTRIBUTES {ALL | attr1 [, attr2]... } 
  
  Options: 
    [DETAIL]: Formats the display as an attribute on each line, with 
              an attribute descriptor preceding each value. 
  
  Examples: 
    LIST FLASHCACHECONTENT DETAIL 
 

Asyoucansee,thehelpsystemallowsyoutoseeabitofthesyntaxforeachcommand.Youmay
alsohavenoticedacoupleofSQL*Pluscarry-overs.SET,SPOOL,andSTARTworkprettymuchasexpected.
Notethatthe@characterisequivalenttotheSQL*PlusSTARTcommandandthattheonlythingsyoucan
useSETforareECHOandDATEFORMAT.Now,hereareafewexamplesofqueriesusingtheLISTcommand:

  
CellCLI> describe flashcachecontent 
        cachedKeepSize 
        cachedSize 
        dbID 
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        dbUniqueName 
        hitCount 
        hoursToExpiration 
        missCount 
        objectNumber 
        tableSpaceNumber 
  
CellCLI> set echo on 
  
CellCLI> @fc_content 
  
> CellCLI> list flashcachecontent – 
          where dbUniqueName like 'EXDB' – 
            and hitcount > 100 – 
           attributes dbUniqueName, objectNumber, cachedKeepSize, cachedSize, - 
                hitCount, missCount 
         EXDB    2       0       4194304         600     208 
         EXDB    40      0       2424832         376     60 
         EXDB    224     0       1802240         115     80 
         EXDB    267     0       458752          128     9 
         EXDB    383     0       2547712         157     27 
         EXDB    423     0       1867776         180     41 
         EXDB    471     0       4071424         552     85 
         EXDB    472     0       1277952         114     22 
         EXDB    474     0       13246464        286     326 
         EXDB    475     0       5914624         519     124 
         EXDB    503     0       5308416         669     455 
         EXDB    5710    0       3735552         363     90 
         EXDB    6207    0       393216          112     9 
         EXDB    6213    0       3842048         359     147 
         EXDB    6216    0       1245184         184     29 
         EXDB    6373    0       3481600         222     61 
         EXDB    56085   0       4194304         822     129 
         EXDB    66849   0       438763520       1221    3322 
         EXDB    71493   0       5636096         302     127 
         EXDB    71497   0       1351680         320     22 
         EXDB    71573   0       2760704         101     37 
         EXDB    71775   0       1801412608      34994   46315 
  
CellCLI> list flashcachecontent where dbUniqueName like 'EX.?.?' –  
          and hitcount > 100 - 
         attributes dbUniqueName, objectNumber, cachedKeepSize, cachedSize  
 
         EXDB    2       0       4194304 
         EXDB    18      0       1179648 
         EXDB    37      0       622592 
         EXDB    40      0       2424832 
         EXDB    63      0       524288 
         EXDB    104     0       688128 
         EXDB    224     0       3407872 
         EXDB    267     0       458752 
         EXDB    383     0       2670592 
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         EXDB    420     0       1507328 
         EXDB    423     0       1867776 
         EXDB    424     0       720896 
         EXDB    471     0       4071424 
         EXDB    472     0       1277952 
         EXDB    473     0       2351104 
         EXDB    474     0       13574144 
         EXDB    475     0       5521408 
         EXDB    503     0       5308416 
         EXDB    5702    0       262144 
         EXDB    5709    0       2416640 
         EXDB    5710    0       3735552 
         EXDB    6207    0       393216 
         EXDB    6210    0       131072 
         EXDB    6213    0       4227072 
         EXDB    6216    0       1245184 
         EXDB    6373    0       3579904 
         EXDB    56085   0       4194304 
         EXDB    66849   0       438763520 
         EXDB    71493   0       5636096 
         EXDB    71497   0       1351680 
         EXDB    71573   0       2801664 
         EXDB    71775   0       1801412608 
  
CellCLI> list flashcachecontent – 
        where dbUniqueName like 'EX.?.?' and hitcount > 100 - 
          and objectNumber like '.*775' 
 
         2356637742      6       71775 
  
CellCLI> list flashcachecontent – 
        where dbUniqueName like '.*X.?.?' – 
          and objectNumber like '.*775' detail 
                                       
         cachedKeepSize:         0 
         cachedSize:             1801412608 
         dbID:                   2356637742 
         dbUniqueName:           EXDB 
         hitCount:               34994 
         missCount:              46315 
         objectNumber:           71775 
         tableSpaceNumber:       6 
  
CellCLI> list flashcachecontent – 
        where dbUniqueName like 'EX.?.?' – 
          and hitcount > 100 - 
          and objectNumber like '.*775' 
 
         2356637742      6       71775 
  
CellCLI> list flashcachecontent – 
         attributes objectNumber, hitCount, missCount – 
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        where dbUniqueName like 'EX.?.?' – 
          and hitcount > 100 – 
          and objectNumber like '.*775' 
 
         71775   34994   46315 


TheDESCRIBEverbworkssimilarlytothewayitdoesinSQL*Plus,butitmustbefullyspelledout;

youcan’tusethefamiliarDESCasanabbreciation.Noticethattherearenoheadingsforcolumn-oriented
output.Asyoucansee,youcanexecutescriptsthatcontainCellCLIcommandsusingthe@character,
anduseSET ECHO ONtodisplaythecommandsinthescriptsthatyouexecute.ManyoftheLIST
commandswerestrungacrossmultiplelinesbyusingthecontinuationoperator(-).TheLIST
commandslookalotlikeSQL,exceptforLISTbeingusedinsteadofSELECTandtheregexexpressionsfor
matchingwhenusingtheLIKEkeyword.Alsonoticethatinthelastcommandanumberwasmatched
witharegexexpression,implyingadatatypeconversion,althoughalldatamaybetreatedastext.You
canseethattheATTRIBUTESandWHEREkeywordscanbeanywhereonthecommandlineaftertheLIST
ObjectTypekeywords.Inotherwords,thesetwokeywordsarenotpositional;eitheronecanbeusedfirst.
Finally,theDETAILkeywordturnstheoutputsideways.Orasthehelpsays,“Formatsthedisplayasan
attributeoneachline,withanattributedescriptorprecedingeachvalue.”

SendingCommandsfromtheOperatingSystem
InadditiontorunningCellCLIinteractivelyasyou’veseenintheseexamples,youcanspecifythe-e
optiontopassinCellCLIcommandsfromyouroperatingsystemprompt.Forexamplethefollowing
listingshowshowthe-eoptioncanbeusedtoquerythestatusofcellsrvdirectlyfromtheOS
commandline:



[exacel05:root] /root 
> cellcli -e "list cell detail" 
         name:                   exacel05 
         bmcType:                IPMI 
         cellVersion:            OSS_11.2.0.3.0_LINUX.X64_110520 
… 
         cellsrvStatus:          running 
         msStatus:               running 
         rsStatus:               running 
 

Amongotherthings,the–eoptionishelpfulwhenyouwanttoinvokeCellCLIfromwithinan
operatingsystemshellscript.

ConfiguringandManagingtheStorageCell
CellCLIisalsousedinanumberofwaysforconfiguringeverythingfromdiskstoragetocellalerts.You
canalsouseCellCLIformanagementtaskssuchasstartupandshutdown.Followingareafewexamples
ofhowtouseCellCLItoconfigureandmanagethestoragecell.

CellServicescanbeshutdownoneatatimeorallatonce.Thefollowingcommandsareusedto
shutdowncellservices:


-- Shutdown cell services one at a time -- 
CellCLI> alter cell shutdown services cellsrv 
CellCLI> alter cell shutdown services ms 
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CellCLI> alter cell shutdown services rs 
 
-- Shutdown all cell services -- 
CellCLI> alter cell shutdown services all 
 

Cellservicesmayalsobestarteduponebyone,orallatonce.NotethattheRSprocessmustbe
startedfirstorCellCLIwillthrowanerrorsuchasthefollowing:


CellCLI> alter cell startup services cellsrv 
 
Starting CELLSRV services... 
CELL-01509: Restart Server (RS) not responding. 


Thefollowingcommandsareusedtostartupcellservices.


-- Startup cell services one at a time -- 
CellCLI> alter cell startup services rs 
CellCLI> alter cell startup services ms 
CellCLI> alter cell startup services cellsrv 
 
 
-- Startup all cell services -- 
CellCLI> alter cell startup services all 
 

Thefollowingcommandsshutdownandrestartthecellservices.
 
-- Bounce cell services one at a time -- 
alter cell restart services cellsrv 
alter cell restart services rs 
alter cell restart services ms 
 
-- Bounce all cell services -- 
alter cell restart services all 


Toshowthecurrentstatusofcellsrv,usetheLIST CELL DETAILcommandasfollows:


CellCLI> list cell detail 
         name:                   exacel05 
         bmcType:                IPMI 
         cellVersion:            OSS_11.2.0.3.0_LINUX.X64_101206.2 
         cpuCount:               24 
         fanCount:               12/12 
         fanStatus:              normal 
         id:                     1105FMM0J5 
         interconnectCount:      3 
         interconnect1:          bondib0 
         iormBoost:              0.0 
         ipaddress1:             192.168.12.9/24 
         kernelVersion:          2.6.18-194.3.1.0.3.el5 
         locatorLEDStatus:       off 
         makeModel:              SUN MICROSYSTEMS SUN FIRE X4270 M2 SERVER SATA 
         metricHistoryDays:      7 
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         notificationMethod:     mail 
         notificationPolicy:     critical,warning,clear 
         offloadEfficiency:      139,935.6 
         powerCount:             2/2 
         powerStatus:            normal 
         smtpFrom:               "Exadata" 
         smtpFromAddr:           exadata@ourcompany.com 
         smtpPort:               25 
         smtpPwd:                ****** 
         smtpServer:             smtp.ourcompany.com 
         smtpToAddr:             all_dba@ourcompany.com,all_sa@ourcompany.com 
         smtpUser: 
         smtpUseSSL:             FALSE 
         status:                 online 
         temperatureReading:     27.0 
         temperatureStatus:      normal 
         upTime:                 37 days, 18:22 
         cellsrvStatus:          running 
         msStatus:               running 
         rsStatus:               running 


SeveralofthesettingsyouseeinthislistingcanbesetusingtheALTER CELLcommand.These
settingsmaybeconfiguredoneatatimeortogetherbyseparatingthemwithacomma.Forexample:


-- Configure notification level for alerts -- 
CellCLI> ALTER CELL notificationPolicy='critical,warning,clear' 
                     
 
-- Configure the cell for email notifications -- 
CellCLI> ALTER CELL smtpServer='smtp.enkitec.com', - 
                    smtpFromAddr='Exadata@ourcompany.com', - 
                    smtpFrom='Exadata', - 
                    smtpToAddr='all_dba@ourcompany.com,all_sa@ourcompany.com', - 
                    notificationPolicy='critical,warning,clear', - 
                    notificationMethod='mail' 
 

Bytheway,ifyouhaven’talreadystumbledacrossthisfeature,CellCLIstoresacommandhistory
similartotheBashshell.Youcanscrollupanddownthroughyourhistoryandeditcommandsusingthe
arrowkeys.Andregexalsoprovidesaverypowerfulpattern-matchingcapability.TheCellCLIsyntaxwill
besomethingnewtosystemadministratorsandDBAsalike,butonceyouunderstandthesyntax,it
reallyisn’tdifficulttomaster.

dcli Command Syntax 
dcliisatoolbywhichyoucanexecuteasinglecommandacrossallcells.Havingworkedonvarious
clusteredsystemsovertheyears,we’vecometoappreciatetheimportanceofkeepingscripts(andsome
configurationfiles)identicalacrossallnodes.It’salsoveryhandytohaveafacilityforexecutingthe
samecommandconsistentlyacrossallnodesofacluster.Oracleprovidesthedclicommandtodojust
that.Amongotherthings,thedclicommandallowsyouto:

• ConfigureSSHequivalencyacrossallstoragecellsand/ordatabaseservers

mailto:exadata@ourcompany.com
mailto:all_dba@ourcompany.com
mailto:all_sa@ourcompany.com
mailto:Exadata@ourcompany.com
mailto:all_dba@ourcompany.com
mailto:all_sa@ourcompany.com
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• Distributeafiletothesamelocationonallservers/cellsinthecluster

• Distributeandexecuteascriptonservers/cellsinthecluster

• Executecommandsandscriptsonservers/cellsinthecluster


dcliusesSSHequivalencytoauthenticateyoursessionontheremoteservers.Ifyoudonothave

SSHequivalencyestablishedacrossservers/cells,youcanstilluseit,butitwillpromptyoufora
passwordforeachremotesystembeforeexecutingthecommand.dcliexecutesallcommandsin
parallel,aggregatestheoutputfromeachserverintoasinglelist,anddisplaystheoutputonthelocal
machine.Forexample,thefollowinglistingshowsthepmonprocessesrunningonalldatabaseservers:


[enkdb02:root] /root 
> /usr/local/bin/dcli -l root -g dbs_group ps -ef | grep ora_pmon | grep -v grep 
enkdb01: oracle    4973     1  0 Jun09 ?        00:00:16 ora_pmon_DEMO1 
enkdb01: oracle    9917     1  0 Jun06 ?        00:00:15 ora_pmon_BL16K1 
enkdb01: oracle    9929     1  0 Jun06 ?        00:00:20 ora_pmon_TEST1 
enkdb01: oracle   10325     1  0 Jun06 ?        00:00:15 ora_pmon_SANDBOX1 
enkdb01: oracle   32630     1  0 Jun06 ?        00:00:17 ora_pmon_DBFS1 
enkdb02: oracle     715     1  0 Jun09 ?        00:00:16 ora_pmon_DEMO2 
enkdb02: oracle    3718     1  0 Jun06 ?        00:00:15 ora_pmon_DBFS2 
enkdb02: oracle    9531     1  0 Jun06 ?        00:00:20 ora_pmon_EXDB2 
enkdb02: oracle   10072     1  0 Jun06 ?        00:00:10 ora_pmon_SNIFF 
enkdb02: oracle   10085     1  0 Jun06 ?        00:00:20 ora_pmon_TEST2 
enkdb02: oracle   10087     1  0 Jun06 ?        00:00:13 ora_pmon_BL16K2 
enkdb02: oracle   10136     1  0 Jun06 ?        00:00:14 ora_pmon_SANDBOX2 
enkdb02: oracle   23494     1  0 Jun06 ?        00:00:10 ora_pmon_SCRATCH 


dcliisparticularlyusefullwhenyouwanttocollectinformationfromallstoragecellsusingthe

CellCLIcommands.ThefollowingexampleshowshowdcliandCellCLIcommandscanbeused
togethertoreportthestatusofallstoragecellsinahalfrackcluster.



[enkdb01:root] /root 
> dcli -g /root/cell_group -l root cellcli -e "list cell" 
 
enkcel01: enkcel01       online 
enkcel02: enkcel02       online 
enkcel03: enkcel03       online 
enkcel04: enkcel04       online 
enkcel05: enkcel05       online 
enkcel06: enkcel06       online 
enkcel07: enkcel07       online 


Youmayhaverecognizedthe/root/cell_groupparameterinthisexample.Thisfileisgenerated

duringtheExadatainstallationprocedure(seeChapter8formoredetails).Thereareactuallyseveralof
these“groupfiles”thatareusefulforrunningdistributedcommandsusingdcli.Thesefilesmaybe
describedasfollows:

dbs_group:Thisfilecontainsthemanagementhostnamesforalldatabase
serversinyourExadataconfiguration.Itprovidesaconventientwaytoexecute
dclicommandsonthedatabaseservers.
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cell_group:Thisfilecontainsthemanagementhostnamesforallstoragecells
inyourExadataconfiguration.Itprovidesaconvenientwaytoexecutedcli
commandslimitedtothestoragecells.

all_group:Thisfileisacombinationofthedbs_groupandcell_groupfilesand
containsalistofthemanagementhostnamesforalldatabaseserversand
storagecellsinyourExadataconfiguration.Usingthisfile,youcanexecutedcli
commandsonalldatabaseserversandstoragecells.


AnyoftheCellCLIcommandswe’vediscussedinthisappendixmaybeexecutedfromacentral

locationusingdcli.Infacttheonlyrestrictionisthatthecommandcannotbeinteractive(requiringuser
inputduringexecution).Forexample,thefollowinglistingillustratescollectingallthecurrent
performancemetricsfromthestoragecells.



dcli -l root -g /root/cell_group cellcli -e "LIST METRICCURRENT  ATTRIBUTES name, objecttype, 
metricObjectName, metricValue, collectionTime" 
 
Theoutputfromthiscommandismuchtooverbosetoshowhere.Butwithasimplescriptitcanbe
formattedanddistributedasneeded.Infact,weusedthisscriptinChapter7tocollectIORM
performancemetricsandreportonthemthroughanexternaltabledefinitioninthedatabase.
SchedulingareportsuchasthistorundailywouldbeaveryconvenientwaytomonitorI/Oatthe
storage-celllevel.

Summary 
TherearemanymoreusesfordcliandCellCLIthanwe’vecoveredhere.Systemadministratorswillalso
finditusefulforcreatingnewuseraccountsonthedatabaseserversusingtheuseraddandgroupadd
commands,forexample.DBAswillfinddcliusefulfordistributingscriptsandotherfilestoother
serversinthecluster.AndusingdcliandCellCLItogetherprovidesaconvenientwayofmanaging,
extracting,andreportingkeyperformancemetricsfromthestoragecells.
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Online Exadata Resources 

ThisappendixdetailssomehelpfulonlineresourcesforDBAsmanagingExadata.OracleSupportcreates
agoodmanyofwhataretermedsupport notes.Welistsomeofthemosthelpful,andyoucanread
them—ifyouarealicenseduser—bygoingtoOracle’ssupportsite.Inaddition,welistafewhelpful
blogs.Thelistofblogsissmall,butgrowing.Welistfourthatweparticularlylikeandendorse.

Exadata MOS Support Notes 
ListedhereareseveralgoodonlinenotesformanagingtheExadataplatformonMyOracleSupport
(MOS).Someofthesenotesarelivingdocuments,meaningtheyarecontinuallyupdatedasnew
softwareversionsandpatchesbecomeavailable.MOSNote888828.1isamust-readforanyone
responsibleforadministeringthesystem.Itcontainscriticalinformationaboutsupportedsoftware
releases.SomeoftheMOSNoteslistedhere,suchas757552.1,aresimplyplaceholdersfordozensof
otherimportantdocumentsyouwillwanttobeawareof.Obviouslythisisnotacomprehensivelist,and
therearemanymoregoodtechnicaldocumentsforExadataonMOS.Butwehopeyoufindthislist
helpfulingettingyoustartedoffintherightdirection.

Helpful Exadata MOS Support Notes 
FlashbackDatabaseBestPractices....................................................................... MOSNote:565535.1
DatabaseEndianConversion ...............................................................................MOSNote:732053.1
RDS/OFED .............................................................................................................MOSNote:745616.1
ExadataBestPractices........................................................................................... MOSNote:757552.1
11gR2SCANExplained.......................................................................................... MOSNote:887522.1
ExadataStorageServer11gR2SupportedVersions .............................................MOSNote:888828.1
DBFS......................................................................................................................MOSNote:1054431.1
ExadataHealthcheckScript.................................................................................MOSNote:1070954.1
ExadataV2DiagnosabilityandTroubleshootingBestPractices...................... MOSNote:1071220.1
BareMetalRestoreProcedureforComputeNodes...........................................MOSNote:1084360.1
MonitoringExadata............................................................................................. MOSNote:1110675.1
StepstoshutdownorrebootanExadatastoragecellwithoutaffectingASM MOSNote:1188080.1
MasterNoteforOracleDatabaseMachineandExadataStorageServer .........MOSNote:1187674.1
ExadataPatchingOverviewandPatchTestingGuidelines...............................MOSNote:1262380.1
ExadataCriticalIssues .........................................................................................MOSNote:1270094.1
ExadataX2-2DiagnosabilityandTroubleshootingBestPractices................... MOSNote:1274324.1
TroubleshootingInfiniBandSwitchProblemsonExadata...............................MOSNote:1286263.1
11.2.0.1to11.2.0.2DatabaseUpgradeonExadataDatabaseMachine............MOSNote:1315926.1
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Exadata Bulletins and Blogs 
Followingaresomehelpfulblogs.SomefocusonExadataalone.Others,suchasTanelPoder’sblog,are
morewide-rangingandcoverthegamutofOracleDatabasetechnologies.


ExpertOracleExadataBlog:
http://www.ExpertOracleExadata.com 

KerryOsborne’sOracleBlog:
http://kerryosborne.oracle-guy.com 

TanelPoder’sBlog:
http://blog.tanelpoder.com 

AndyColvin’sBlog:
http://blog.oracle-ninja.com 

 

http://www.ExpertOracleExadata.com
http://kerryosborne.oracle-guy.com
http://blog.tanelpoder.com
http://blog.oracle-ninja.com
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Diagnostic Scripts 

We’veusedseveraldiagnosticscriptsinthisbook.Whilethecontentsofmanyofthemaredisplayedin
thebodyofthebook,someofthemarelengthyenoughthatwedecidednottoprinttheircontentsinthe
listings.Thesescriptsareallavailableonlineatwww.EpertOracleExdata.com.TableC-1inthisappendix
containsalistofthescriptsalongwithabriefdescriptionofeachone.



Table C-1. Diagnostic Scripts Used in This Book 

Script Name Description 

as.sql ASisshortforActiveSQL.ThisscriptshowsallactiveSQLstatementson
thecurrentinstanceasshownbyV$SESSION.Notethatyoumayneedto
executeitseveraltimestogetanideaofwhat’shappeningonasystem,
asfaststatementsmaynotbe“caught”bythisquick-and-dirty
approach.

calibrate_io.sql Thisscriptprovidesasimplewrapperforthe
DBMS_RESOURCE_MANAGER.CALIBRATE_IOprocedure.Theproceduremust
berunbeforeOraclewillallowyoutoenableAutoDOP.

check_px.sql ThisscriptcontainsasimplequeryofV$PX_PROCESS_SYSSTATtoshow
howmanyparallelserverprocessesarecurrentlyinuse.

comp_ratio.sql Thisisasimplescriptthatcomputesacompressionratiobasedonan
inputvalue(theoriginaltablesize).

create_display_raw.sql Thisscriptcreatesthedisplay_raw()function,whichtranslatesraw
data-typevaluesintovariousotherdata-types(originallywrittenby
GregRahn).

dba_tables.sql ThisisasimplescripttoqueryDBA_TABLES.Itshowsthenumberofrows,
numberofblocksanddefaultdegreeofparallelism.

desc.sql ThisscriptproducesoutputsimilartotheSQL*PlusDESCRIBEcommand.

http://www.EpertOracleExdata.com
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Script Name Description 

display_raw.sql Thisisasimplescripttotranslatearawvalueintoaspecifieddata-type
formatsuchasNUMBERorVARCHAR2.Itdependsonthedisplay_raw()
functioncreatedbythecreate_display_raw.sqlscript.

dplan.sql ThisscriptshowstheactualexecutionplanforaSQLstatementinthe
sharedpool.ThisisaverysimplescriptthatpromptsforaSQL_IDand
CHILD_NOandthencallsdbms_xplan.display_cursor.

dump_block.sql ThisscriptdumpsadatablocktoatracefileusingALTER SYSTEM DUMP 
DATAFILE.Itpromptsforfilenoandblockno.

esfc_hit_ratio.sql UselessscriptforcalculatinganincorrectEdxadataSmartFlashCache
hitratio.

esfc_keep_tables.sql ThisscriptdisplaysobjectsthathavetheCELL_FLASH_CACHEattributeset
toKEEP.

flush_pool.sql ThisscriptusesALTER SYSTEM FLUSH SHARED_POOLtoflushallSQL
statementsfromthesharedpool.

flush_sql.sql ThisscriptusesDBMS_SHARED_POOL.PURGEtoflushasingleSQL
statetementfromthesharedpool.Itonlyworkswith10.2.0.4andlater.

fs.sql ThisscriptallowsyoutosearchthroughV$SQLusingabitofSQLtextora
SQL_ID.(FSisshortforFindSQL)Thescriptreportssomestatistical
information,suchasaverageElapsedTimeandaverageLIOs.

fsx.sql FSXstandsforFindSQLeXadata.Thisscriptsearchesthesharedpool
(V$SQL)basedontheSQLstatementtextoraspecificSQL_IDandreports
whetherstatementswereoffloadedornotand,ifoffloaded,what
percentageofI/Owassaved.Notethatthereareseveralalternate
versionsofthisscriptusedinthebook(fsx2.sql,fsx3.sql,and
fsx4.sql).Theseversionsreducethewidthoftheoutputtosomething
moreeasilyprintedinthelimitsimposedbytheprintedbookformat.

fsxo.sql Thisscriptissimilartothefsx.sqlscriptbutcanbeusedtoidentify
long-runningstatementsandreportonwhethertheyhavebeen
offloadedornot.Itcanbeusedinconjunctionwiththe
offload_percent.sqlscripttodrillintotheindividualstatements
contributingtoit’scalcualtedoffloadpercentage.

gather_table_stats.sql Thisisasimplescripttogathertablestatisticsusingthe
DBMS_STATS.GATHER_TABLE_STATSprocedure.
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Script Name Description 

get_compression_ratio.sql Thisscriptisawrapperforthebuiltincompressionadvisor
functionality(DBMS_COMPRESSION.GET_COMPRESSION_RATIO).Itpromptsfor
atablenameandacompressiontypeandthenestimatestheexpected
compressionratiobyactuallycompressingasubsetofthetable’srows.

get_compression_type.sql Thisscriptprovidesawrapperforthe
DBMS_COMPRESSION.GET_COMPRESSION_TYPEprocedure.Itcanbeusedto
identifiytheactualcompressiontypeusedforaspecificrow.Itprompts
foratablenameandarowidandreturnstheactualcompressiontype
forthatrowasopposedtothecompressiontypeassignedtothetable.

mystats.sql ThisisasimplescriptforqueryingV$MYSTATS.

old_rowid.sql Thisscriptcreatestheold_rowid()function.Theold_rowid()function
acceptsarowidandreturnsthefileno,blockno,androwno(theoldrowid
format).

obj_by_hex.sql Thisscripttranslatesanobject_idinhexformatintoanobjectname.
Thehexvalueiscontainedinblockdumps.

offload_percent.sql Thisscriptcanbeusedtoprovideaquickcheckonwhetherstatements
arebeingoffloadedornotonExadataplatforms.Itallowsallstatements
overaminimumtimeoraminimumnumberofLIOstobeevaluated
andcalculatesapercentageofstatementsthathavebeenoffloaded.

parms.sql Thisscriptdisplaysdatabaseparametersandtheircurrentvalues.
Includesaswitchtoshoworsuppressdisplayofhiddenparameters.

parmsd.sql Thisscriptdisplaysdatabaseparametersandtheirdescriptions.
Includesaswitchtoshoworsuppressdisplayofhiddenparameters.

part_size2.sql ThisscriptshowsthesizesofpartitionsasreportedbyDBA_SEGMENTS.

pool_mem.sql ThisscriptprovidesasimplequeryagainstV$SGASTAT,showingmemory
assignedtovarious“pools.”

queued_sql.sql ThissimplescriptqueriesV$SQL_MONITORforstatementsthatarequeued
bytheparallelstatementqueuingfeature.

report_sql_monitor.sql ThisisascripttocallDBMS_SQLTUNE.REPORT_SQL_MONITOR.

si.sql ThisscriptdisplaysthecurrentvalueforthestatisticCell Physical IO 
Bytes Saved by Storage IndexfromV$MYSTATS.Itprovidesaquickway
tocheckstorageindexusage.
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Script Name Description 

snapper.sql Thisisfarandawaythemostrobustscriptusedinthebook.Itisreally
morelikeamonitoringprogramthatcanreportonanextremelywide
rangeofinformationaboutactivesessions.Documentationcanbe
foundonTanel’sblog.

ss_off.sql ThisscriptturnsoffSmartScansviaalter session(thatis,itsets
CELL_OFFLOAD_PROCESSING=FALSE).

ss_on.sql ThisscriptTurnsonSmartScansviaalter session(thatis,itsets
CELL_OFFLOAD_PROCESSING=TRUE).

table_size.sql ThisscriptshowssizesofobjectsasreportedbyDBA_SEGMENTS.Thereis
anotherversion(table_size2.sql)thatisbasicallythesamescriptwith
areducednumberofoutputcolumns.

valid_events.sql Thisscriptdisplaysalistofwaiteventsthatmatchatextstring.

whoami.sql Thisscriptdisplayscurrentsessioninformation,includingSID,Serial#,
PreviousSQLHashValue,andOSShadowProcessID.
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