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Abstract. Signaturesrebit strings,generatedy applyingsomehashfunction
on someor all of theattributesof anobject. The signature®f the objectscanbe
storedseparatelfrom the objectsthemseles,andcanlater be usedto filter out
candidateobjectsduring a perfectmatchquery In an object-orienteddatabase
system(OODB) usinglogical objectidentifiers(OIDs), anobjectidentifierindex
(OIDX) is neededo mapfrom logical OID to the physicallocationof the object.
In this papemwe shav how signaturesanbe storedin the OIDX, andusedto re-
ducethe averageobjectaccesgostin a systemWe alsoextendthis approacho
transactiortime temporalOODBs(TOODB), wherethis approaclis even more
beneficial becausenaintainingsignaturecomesvirtually for free. We develop
acostmodelthatwe useto analyzethe performancef the proposedpproaches,
andthis analysisshavs thatsubstantiabaincanbeachieved.

1 Intr oduction

A signaturds abit string,whichis generatedby applyingsomehashfunctiononsome
or all of theattributesof anobject! Whensearchingor objectsthatmatcha particular
value, it is possibleto decidefrom the signatureof an object whetherthe objectis
a possiblematch.The size of the signatureds generallymuch smallerthanthe size
of the objectsthemseles, and they are normally storedseparatelyfrom the objects
themseles, in signaturefiles. By first checkingthe signaturesvhen doing a perfect
matchquery the numberof objectsto actuallyberetrievedcanbereduced.

Signaturefiles have previously beenshavn to be an alternatve to indexing, espe-
cially in the context of text retrieval [1, 6]. Signaturefiles canalsobe usedin general
queryprocessingalthoughthisis still animmatureresearclarea.

Themaindrawvbackof signaturdiles, is thatsignaturedile maintenanceanberela-
tively costly If oneof theattributescontributingto thesignaturen anobjectis modified,
the signaturdfile hasto be updatedaswell. To be beneficial,a high readto write ratio
is necessaryin addition,high selectvity is neededat querytime to make it beneficial
to readthe signaturdile in additionto the objectsthemseles.

! Notethatsignatuesarealsooftenusedin othercontets, e.g.,functionsignaturesindimple-
mentatiorsignatures.



In this paper we first shov how signaturescan be incorporatedinto traditional
object-orientedatabaseOODB). Secondwe shawv how they canbe usedin trans-
actiontimetempoal OODBs with only marginal maintenanceost.

Everyobjectin anOODB s uniquelyidentifiedby anobjectidentifier(OID). To do
the mappingfrom logical OID to physicallocation,an OID index (OIDX), oftena B-
treevariant,is used? Theentriesin the OIDX, which we call objectdescriptos (OD),
containsthe physicaladdresof the object. Becauseof the way OIDs are generated,
OIDX accessesften have low locality, i.e., oftenonly one OD in a particularOIDX
leaf nodeis accessedt a time. This meanghatOIDX lookupscanbe costly, but they
have to be doneevery time anobjectis to be accessedaswill be explainedlater, the
lookupcostcanbereducedy employing OD caching) OIDX updatesareonly needed
whenobjectarecreatedmoved,or deletedlt is notnecessarwhenobjectsareupdated,
becausaipdatesto objectare donein-place,so that the mappinginformationin the
OIDX is still valid afteranobjecthave beenupdated.

Our approacho reducethe averageaccesgostin the systemijs to includethe sig-
natureof an objectin the OIDX itself. This meansthatthe OD now alsoincludesthe
signaturejn additionto the mappinginformation.Whenwe laterdo a valuebasedoer
fectmatchsearctonaset,we canin mary casesvoid retrieving theobjectsthemseles,
checkingthe signaturdn the OD is enoughto excludeanobjectduringthe searchThe
OD will haveto beretrievedaryway, becausdt is neededo find the physicallocation
of the object,sothereis no additionalcostto retrieve the OD, comparedo not using
signaturesStoringthe signaturan the OIDX increaseshesizeof the OD, andthesize
of the OIDX, andmakesan OIDX updatenecessargvery time an objectis updated,
but aswe will show laterin this paperin spiteof this extra cost,it will in mostcasesde
beneficial.

A contet wherestoringsignaturesn theOIDX is evenmoreinterestingjs transac-
tion time temporalOODBs(TOODB). In a TOODB, objectupdatesdo not make pre-
vious versionsunaccessibleOn the contrary previous versionsof objectscanstill be
accessedndqueried. A systemmaintainedimestamps associatedvith every object
version.This timestamps the committime of the transactiorthatcreatedhis version
of theobject.In anon-temporaDODB, the OIDX updatevould notbenecessarif we
did notwantto maintainsignaturesln aTOODB, onthe otherhand the OIDX mustbe
updatedeverytime an objectis updated becauseve adda new version,andthe time-
stampandthephysicaladdres®f thenew versionneedto beinsertednto theindex. As
aresult,introducingsignaturenly mamginally increaseshe OIDX updatecosts.Be-
causeof the low locality on updatesgdisk seektime dominatesandtheincreasedize
of the ODsis of lessimportanceWth this approad, we can maintainsignatuesat a
verylow cost,and by usingsignatues,oneof the potentialbottlene&sin an TOODB,
thefrequentandcostlyOIDX updatescanbeturnedinto an advantaye!

Theorganizatiorof therestof thepaperis asfollows.In Sect.2 wegiveanovervien
of relatedwork. In Sect.3 we give a brief introductionto signaturesin Sect.4 we
describeindexing and objectmanagemenin a TOODB. In Sect.5 we describehow

2 SomeOODBsavoid theOIDX by usingphysicalOIDs. In thatcasetheOID givesthephysical
disk pagedirectly. While this potentiallygivesa higherperformanceit is very inflexible, and
malkestasksasreclusteringandschemananagementoredifficult.



signaturescan be integratedinto OID indexing. In Sect.6 we develop a costmodel,
which we usein Sect.7 to studythe performancevhenusingsignaturestoredin the
OIDX, with differentparametersindaccesgatternsFinally, in Sect.8, we conclude
thepaperandoutlineissuedor furtherresearch.

2 RelatedWork

Severalstudieshave beendonein usingsignaturessatext accessnethodse.g.[1, 6].
Lesshasbeendonein usingsignaturesn ordinaryqueryprocessingbut studieshave
beendoneon usingsignaturesn querieson set-waluedobjectd[7].

We do notknow of any OODB wheresignaturehave beenintegrated but we plan
tointegratetheapproachedescribedn this papefin theVagabongarallelTOODB|9].

3 Signatures

In this sectionwe describesignatureshow they canbe usedto improve queryperfor
mancehow they aregeneratedandsignaturestoragealternatves.

A signatures generatedby applyingsomehashfunctionon the object,or someof
theattributesof theobject.By applyingthis hashfunction,we geta signatureof F bits,
with m bits setto 1. If we denotethe attributesof anobjecti as Ay, A4,, ..., 4,, the
signatureof the objectis s; = Si(A4;,... Ax), whereS), is a hashvalue generating
function,and 4;, . .. A;, aresomeor all of the attributesof the object(not necessarily
includingall of 4;,... A;). Thesizeof thesignatures usuallymuchsmallerthanthe
objectitself.

3.1 UsingSignatures

A typicalexampleof theuseof signaturesis aqueryto find all objectsin asetwherethe
attributesmatcha certainnumberof values,A; = vj, ..., A; = v;. Thiscanbedone
by calculatingthe querysignatures, of thequery:s, = Sy(4; = vj,..., Ap = vg)
The querysignatures, is thencomparedo all the signaturess; in the signaturefile
to find possiblematchingobjects. A possiblematchingobject,a drop, is anobjectthat
satisfieghe conditionthatall bit positionssetto 1 in the querysignaturealsoareset
to 1 in the objects signature.The dropsforms a setof candidateobjects.An object
canhave a matchingsignaturesvenif it doesnot matchthe valuessearchedor, soall
candidatebjectshave to beretrievedandmatchedagainsthevaluesetthatis searched
for. Thecandidatebjectsthatdo notmatcharecalledfalsedrops

3.2 Signature Generation

Themethodsusedfor generatinghe signaturedependntheintendeduseof thesigna-
ture.We will now discusssomerelevantmethods.

WholeObjectSignatue. In this casewe generata hashvaluefrom thewhole object.
This valuecanlaterbe usedin a perfectmatchsearchthatincludesall attributesof the
object.



One/MultiAttribute Signatues. Thefirst methodwholeobjectsignatue, is only useful
for alimited setof queries A moreusefulmethodis to createthe hashvalue of only
oneattribute. This canbeusedfor perfectmatchsearchonthatspecificattribute. Often,
a searchis on perfectmatchof a subsebf the attributes.If suchsearcheareexpected
to be frequent,it is possibleto generatehe signaturefrom theseattributes,againjust
looking at the subsebf attributesasa sequencef bits. This methodcanbe usedasa
filtering techniquan morecomplex querieswheretheresultsfrom thisfiltering canbe
appliedto therestof the querypredicate.

Superimpose@odingMethods. The previous methodsare not very flexible, they can
only be usedfor querieson the setof attributesusedto generatehe signatureTo be
ableto supportseveralquerytypes,thatdo perfectmatchon differentsetsof attributes,
a techniquecalledsuperimposedodingcanbe used.In this casea separateattribute
signaturefor eachattribute is created.The objectsignatureis createdby performing
a bitwise OR on eachattribute signaturefor an objectwith 3 attributesthe signature
is s; = Sp(Ao) ORSL(A1) ORSKL(A,). Thisresultsin a signaturethat canbe very
flexible in its use,andsupportsereraltypesof querieswith differentattributes.

Superimposedaodingis also usedfor fasttext accesspne of the mostcommon
applicationsof signaturesin this case the signaturds usedto avoid full text scanning
of eachdocumentfor examplein a searchfor certainwordsoccurringin a particular
documentTherecanbe morethanonesignaturefor eachdocumentThe documenis
first dividedinto logical blocks,which arepiecesof text thatcontaina constanhumber
of distinctwords.A word signaturds createdor eachword in the block, andtheblock
signaturas createdby OR-ingtheword signatures.

3.3 Signature Storage

Traditionally, the signaturediave beenstoredin oneor moreseparatdiles, outsidethe
indexesandobjectsthemseles.Thefiles containss; for all objectsi in therelevantset.
The sizesof thesefiles arein generalmuchsmallerthanthe size of the relation/sef

objectsthatthe signaturesregeneratedrom, anda scanof the signaturefilesis much
lesscostly than a scanof the whole relation/setof objects.Two well-know storage
structuredor signatureare SequentiaBignatue Files (SSF)andBit-SlicedSignatue

Files (BSSF).In the simplestsignaturdfile organization SSF. the signaturearestored
sequentiallyin afile. A separatgointerfile is usedto provide the mappingbetween
signaturesndobjects.In anOODB, thisfile will typically beafile with OIDs, onefor

eachsignatureDuring eachsearctfor perfectmatch,thewholesignaturefile hasto be
read.Updatesanbedoneby updatingonly oneentryin thefile.

With BSSF eachbit of the signatureis storedin a separatdile. With a signature
size F', the signaturesare distributed over F' files, insteadof onefile asin the SSF
approachThisis especiallyusefulif we havelargesignaturesin thiscaseweonly have
to searchthefiles correspondingo the bit fields wherethe querysignaturehasa “1”.
This canreducethe searchtime considerablyHowever, eachupdateimplies updating
upto F files, whichis very expensve. So, evenif retrieval costhasbeenshavn to be
muchsmallerfor BSSF the updatecostis muchhigher 100-1000timeshigheris not



uncommon7]. Thus,BSSFbasedapproachearemostappropriatdor relatively static
data.

4 Object and Index Managementin TOODB

We startwith a descriptionof how OID indexing andversionmanagementanbedone
in a TOODB. This brief outlineis not basedon ary existing system but the designis
closeenoughto make it possibleto integrateinto currentOODBsif desired.

4.1 Temporal OID Indexing

In atraditional OODB, the OIDX is usuallyrealizedasa hashfile or a Bt -tree,with
ODs asentries,andusingthe OID asthe key. In a TOODB, we have morethanone
versionof someof the objects,andwe needto be ableto accescurrentaswell asold
versiongefficiently. Ourapproacho indexing is to have oneindex structure containing
all ODs, currentaswell aspreviousversions.

In this paper we assumeone OD for eachobjectversion,storedin a B*-tree.We
includethe committime TIME in the OD, andusethe concatenatiolf OID andtime,
OID||TIME, astheindex key. By doingthis, ODsfor aparticularOID will beclustered
togetherin the leaf nodes,sortedon committime. As a result,searchfor the current
versionof a particularOID aswell asretrieval of a particulartime interval for an OID
canbedoneefficiently. Whenanew objectis createdi.e.,anew OID allocatedjts OD
is appendedo theindex treeasis donein the caseof the MonotonicB*-tree[5]. This
operationis very efficient. However, whenan objectis updated the OD for the new
versionhasto beinsertedinto thetree

While several efficient multiversionaccessnethodsexist, e.g., TSB-tree[8], they
are not suitablefor our purpose becausehey provide more flexibility thanneeded,
e.g.,combinedkey rangeandtime rangesearchat an increasecdcost. We will never
have searchfor a (consecutie) rangeof OIDs, OID searchwill alwaysbe for perfect
matd), and mostof themareassumedo beto the currentversion.It shouldbe noted
thatour OIDX is inefficient for mary typical temporalqueries As a result,additional
secondarnyndexes canbe neededpof which TSB-treeis a good candidate However,
the OIDX is still neededto supportnavigationalqueries,one of the main featuresof
OODBscomparedo relationaldatabassystems.

4.2 Temporal Object Management

In aTOODB, it is usuallyassumedhat mostaccessewill beto the currentversions
of the objectsin the databaseTo keeptheseaccesseasefficient aspossible,andto
benefitfrom objectclustering the databasés partitioned Currentobjectsresidein one
partition, and the previous versionsin the other partition, in the historical database
When an objectis updatedin a TOODB, the previous versionis first moved to the
historicaldatabaseheforethe new versionis storedin-placein the currentdatabase.
We assumehat clusteringis not maintainedfor historicaldata,so thatall objects
going historical,i.e., beingmoved becausehey arereplacedoy a new version,canbe



written sequentiallysomethingvhich reducesipdatecostsconsiderablyThe OIDX is
updatecdeverytime an objectis updated

Not all the datain a TOODB is temporal,for someof the objects,we are only
interestedn the currentversion.To improve efficiengy, the systemcanbe madeaware
of this. In this way, someof the datacanbe definedasnon-temporalOld versionsof
thesearenot kept, andobjectscanbe updatedn-placeasin atraditionalOODB, and
thecostlyOIDX updates notneededvhenthe objectis modified.Thisis animportant
point: usingan OODB which efficiently supportstemporaldatamanagementshould
notreducethe performancef applicationghatdo not utilize thesefeatures.

5 Storing Signaturesin the OIDX

The signaturecan be storedtogetherwith the mappinginformation (and timestamp
in the caseof TOODBS)in the OD in the OIDX. Perfectmatchqueriescanusethe
signaturego reducethe numberof objectsthathave to beretrieved,only the candidate
objects,with matchingsignaturesneedto beretrieved.

Optimalsignaturesizeis very dependentf dataandquerytypes.In somecasesye
canmanagewith a very smallsignaturejn othercasesfor examplein the caseof text
documentswe wanta muchlargersignaturesize.lt is thereforedesirableto be ableto
usedifferentsignaturesizesfor differentkind of data,andasaresult,we shouldprovide
differentsignaturesizes.

The maintenancef objectsignaturesmplies computationabverheadandis not
alwaysrequiredor desired Whetherto maintainsignaturer not, canfor examplebe
decidedon aperclassbasis.

6 Analytical Model

Dueto spaceconstraintsye canonly present brief overview of the costmodelused.
For a moredetaileddescriptionwe referto [10]. The purposeof this paperis to shov
thebenefitof usingsignaturesn the OIDX, sowewill restrictthis analysigo attribute
matchesusingthe superimposedodingtechnique.

Our costmodelfocuson disk accesgosts,asthis is the mostsignificantcostfac-
tor. In our disk model,we distinguishbetweerrandomand sequentiahccessesVith
randomaccessthetime to reador write a pageis denotedl’p, with sequentiahccess,
thetime to reador write a pageis T's. All our calculationsarebasedon a pagesize of
8KB.

Thesystenmodeledn thispaperis apagesenerOODB,with temporalkextensions
asdescribedn the previoussectionsTo reducedisk I/O, the mostrecentlyusedindex
andobjectpagesarekeptin a page buffer of size Mpyp,r. OIDX pageswill in general
have low locality, andto increasethe probability of finding a certainOD neededor
a mappingfrom OID to physicaladdressthe mostrecentlyusedODs are keptin a
separatéD cacheof size Mocache CONtAININGNgcache ODS. The OODB hasa total of
M bytesavailablefor buffering. Thus, whenwe talk aboutthe memorysize M, we only
considerthe part of main memoryusedfor buffering, not main memoryusedfor the



objectstheprogramitself, otherprogramstheoperatingsystemetc. Themainmemory
size M is thesumof thesizeof thepagebufferandtheOD cache M = Mpwt+ Mocache

With increasingamountsof mainmemoryavailable,buffer characteristicarevery
important.To reflectthis, our costmodelincludesbuffer performanceswell, in order
to calculatethe hit ratesof the OD cacheand the pagebuffer. Our buffer modelis
an extensionof the Bhide, DanandDias LRU buffer model[2]. An importantfeature
of the BDD model,which makesit more powerful thansomeothermodels,is thatit
canbe usedwith non-uniformaccesdistributions The derivation of the BDD model
in [2] alsoincludesan equationto calculatethe numberN; of distinctobjectsout of a
totalof V acces®bjectsgivenaparticularaccesslistribution. We denotehis equation
Naistinet(Ng, N'). Thebuffer hit probabilityof anobjectpages denotedPhyt opage. NOte
thatevenif index andobjectpagesharethe samepagebuffer, the buffer hit probability
is differentfor index andobjectpagesWe do not considerthe costof log operations,
becauséheloggingis doneto separatalisks,andthe costis independenof the other
costs.

To analyzethe useof signaturesn the OIDX, we needa costmodelthatincludes:

1. OIDX updateandlookupcosts.
2. Objectstorageandretrieval costs.

TheOIDX lookupandupdatecostscanbecalculatedwith our previously published
costmodel[10]. The only modificationdoneto this costmodelis that signaturesare
storedin the objectdescriptordODs). As a consequencehe OD sizevarieswith dif-
ferentsignaturesizes.In practice,a signaturein an OD will be storedasa numberof
bytes,andfor thisreasonwe only considersignaturesizesthataremultiplesof 8 bits.

TheaverageDIDX lookupcost,i.e., theaveragdimeto retrieve the OD of anobject,
is denotedlbidx lookup: aNdtheaveragetime to do anupdates Toidx update NOt all objects
aretemporal,andin our model,we denotethe fractionof the operationddoneon tem-
poralobjectsas Piemporal FOr thenon-temporabbjectsif signaturegrenotmaintained,
the OIDX is only updatedvhenthe objectsarecreated.

6.1 Object Storageand Retrieval CostModel

Oneor moreobjectsare storedon eachdisk page.To reducethe objectretrieval cost,
objectsareoftenplacedon disk pagedn away thatmalesit likely thatmorethanone
of the objectson a pagethatis read,will be neededn the nearfuture. This is called
clustering.In our model,we definethe clusteringfactorC' asthefraction of anobject
pagethatis relevant,i.e.,if thereare N, ,.,. Objectson eachpageandn of themwill
beused,C = o ’;m. If Ny _page < 1.0, i.€.,theaverageobjectsizeis largerthanone
disk page we defineC' = 1.0.

ReadObjects. We modelthe databaseeadaccesseas 1) ordinary objectaccesses
assumedo benefitfrom the databaselustering,and 2) perfectmatd queries which
canbenefitfrom signaturesWe assumehe perfectmatchqueriesto bea fraction Py,
of thereadaccessesndthat P, is thefractionof queriedobjectsthatareactualdrops.
Assuminga clusteringfactorof C, the averageobjectretrieval cost,excluding OIDX



lookup,is Tr’eadobj = mﬂeadmge, wherethe averagecostof readingonepage
fromthedatabases Treqdapage = (1 — Poutopage) Tp- Whenreadingobjectpagesiuring
signaturebasedgueries we mustassumewe cannot benefitfrom clustering,because
we retrieve only a very small amountof the total numberof objects.In thatcase,one
pagemustbereadfor every objectthatis retrieved, T}, , ;05 = Treadpage- ThEQVErage
objectretrieval cost,employing signaturesis:

Treadobj = Toiaxlookupt (1 = Pym) Treadon; + Pom (PaTreadon; + (1= Pa) FaTreqqon;)

which meanshatof the P,,,, thatarequeriesfor perfectmatch,we only needto read
the objectpagein the caseof actualor falsedrops.The falsedrop probabilitywhena

signaturewith F' bitsis generatedrom D attributesis denotedr; = (%)’", wherem =

Fln2
=D -

UpdateObjects. Updatingcanbe donein-place,with write-aheadogging (but note
thatin the caseof temporalobjects,theseare movedto the historical partition before
the new currentversionis written). In thatcase a transactiorcancommitafterits log
recordshave beenwrittento disk. Modified pagesarenotwritten backimmediatelythis
is donelazily in the backgroundasa partof the buffer replacemenandcheckpointing.
Thus,a pagemaybe modifiedseveraltimesbeforeit is written back.

Updatecostswill be dependentf the checkpointintenal. The checkpointnterval
is definedto bethe numberof objectsthatcanbewritten betweertwo checkpointsThe
numberof written objects,N¢p, includescreatedaswell asupdatedobjects.Nogr =
P, Ncp of the written objectsare creationsof new objects,and (N¢cp — N¢og) of
thewritten objectsareupdatef existing objects.

The numberof distinct updatedobjectsduring one checkpointperiodis Npy =
Nuaistinet(Nop — Nor, Nop;). Theaveragenumberof timeseachobjectis updateds
Ny = NC;,;D;VCR During onecheckpointnterval, the numberof pagesn the current

partitionof the databaséhatis affectedis Np = % This meanghatduringone

checkpointinterval, new versionsmustbe insertedinto N p PagesCN, pqqe Objects
on eachpagehave beenupdated and eachof themhave beenupdatedan averageof

Ny times.For eachof thesepageswe needto write PremporaNuyC No_page ObjeCtsto

the historical partition (this includesobjectsfrom the pageand objectsthat were not

installedinto the pagebeforethey wenthistorical) installthenew currentversionto the

page,andwrite it back.Thiswill bedonein batch,to reducedisk armmovement.and

benefitfrom sequentialriting of thehistoricalobjects For eachof theobjectupdates,
the OIDX mustbe updatedaswell. In the caseof a non-temporalDODB, we do not

needto write previousversionsto the historicalpartition,andthe OIDX needsonly to

beupdatedf signaturesreto be maintained.

When new objectsare created,an index updateis neededWhen creatinga nev
object,a new pagewill, on average be allocatedfor every N, ,q4. Objectcreation.
Whenanew pageis allocatedjnstallationreadis notneededT heaverageobjectupdate
cost,excludingOIDX updatecost:

NPTS(PtemporaINUCNo_page) + NPTP + N_i\ipu;;TP
Ncp

Twrz’te_obj = Toidx_update+



Note that objectslarger than one disk pagewill usually be partitioned,and each
objectis indexedby a separatéargeobjectindex tree.This hastheadvantagehatwhen
anew versionis createdpnly the modifiedpartsneedto be written back.An example
of how this canbedoneis the EXODUSIlargeobjects[3].

7 Performance

We havenow derivedthecostfunctionsnecessarto calculateheaverageobjectstorage
andretrieval costs,with differentsystemparameterandaccesgatternsandwith and
without the use of signaturesWe will in this sectionstudy how differentvaluesof

theseparametersffect the accesscosts.Optimal parametervaluesare dependenbf

the mix of updatesandlookups,andthey shouldbe studiedtogetherIf we denotethe

probabilitythatanoperatioris awrite, as Pyite, the averageaccesgostis theweighted
costof averageobjectreadandwrite operations:

Taccess= (1 - Pwrite)TIookup + PwriteTupdate

Ourgoalin this studyis to minimize Tyaccess We measurgéhegainfrom theoptimization
nonopt opt
as:Gain= 100(%%5“9) whereT222P is the costif notusingsignaturesand

access

T2k «ds the costusingsignatures.

AccesdModel The accesgatternaffectsstorageandretrieval costsdirectly andindi-
rectly, throughthe buffer hit probabilities. The accesgatternis oneof the parameters
in our model,andis modeledthroughthe independenteferencemodel. Accessego
objectsin the databasesystemare assumedo be random,but skewed (someobjects
aremore oftenaccessethanothers),andthe objectsin the databaseanbe logically
partitionedinto a numberof partitions,wherethe size and accesgrobability of each
partitioncanbedifferent.With 3; denotingtherelative sizeof apartition,anda; denot-
ing thepercentagef accessegoingto thatpartition,we cansummarizehefour access
patternsusedin this paper:

Set |Bo |1 |B2 |a |ou |
3P1 |0.01|0.19 |0.800.640.160.20
3P2 ]0.0010.0490.950.800.190.01
2P802(0.20 {0.80 |- 0.800.20-
2P950%0.05 [0.95 |- 0.950.05-

In the first partitioning set,we have threepartitions.It is an extensionsof the 80/20
model,but with the 20% hot spotpartitionfurtherdividedinto a 1% hot spotareaanda
19%lesshot area.The secondbartitioningset,3P2resembleshe accesgpatternclose
to whatwe expectit to bein future TOODBs.Thetwo othersetsin this analysishave
eachtwo partitions,with hot spotareasof 5% and20%.



ParameteiValue ParameteiValue ParameteValug
M 100MB || Sos; 128 C 0.3
Mocache [0.2M Nobjver 100mill. |{|D 1
NCP 0.8 Nocachd Sod 32 + [%1 Pnew 0.2
Py 0.001 Plite 0.2 Pym 0.4
Ptemporal 0.8

Table 1. Defaultparameters.
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Fig. 1. Costversussignaturesizefor differentaccesgatternsNon-temporalODODB to theleft,
temporalOODB to theright.

Parametes We consideta databasén a stablecondition,with atotal of Nopjver Objects
versions(andhence Nopjer ODsin the OIDX). Notethatwith the OIDX describedn
Section4.1,0IDX performancés not dependentf the numberof existing versionsof
anobject,only thetotal numberof versionsn thedatabase.

Unlessotherwisenoted resultsandnumbersn thenext sectionsarebasedn calcu-
lationsusingdefaultparametergassummarizedh Tablel, andaccesgatternaccording
to partitioningset3P1.

With the default parametergthe studieddatabasédasa sizeof 13 GB. The OIDX
hasa sizeof 3 GB in the caseof a non-temporalDODB, and5 GB in the caseof a
temporalOODB (not countingthe extra storageneededo storethe signatures)Note
thatthe OIDX sizeis smallerin a non-temporalOODB, becausen a non-temporal
OODB, we do not have to storetimestampsand we have no insertsinto the index
tree,only append-onlyln thatcasewe cangetavery goodspaceutilization [4]. When
we have insertsinto the OIDX, asin the caseof a temporalOODB, we get a space
utilizationin the OIDX thatis lessthan0.67.

7.1 Optimal Signature Size

Choosingthe signaturesizeis atradeof. A largersignaturecanreducethe readcosts,
but will alsoincreasehe OIDX sizeand OIDX accessosts.Figurel illustratesthis
for differentaccesgatternsin this caseavalueof F' = 8 seemdo be optimal. This
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Fig. 2. Costversussignaturesize for differentvaluesof D. Non-temporalOODB to the left,
temporalOODB to theright.
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Fig. 3. Gain from using signaturesversusmemory size, for different accesspatterns.Non-
temporalOODB to theleft, temporalOODB to theright.

is quite small,andgivesa higherfalsedrop probability thanacceptedn text retrieval
applicationsThe reasorwhy sucha small signatureis optimalin our context, is that
thesizeof objectsis smallenoughto make objectretrieval andmatchlesscostlythana
documentlargeobject)retrieval andsubsequergearctfor matchingword(s),asis the
casein text retrieval applications.

The signaturesizeis dependenof D, the numberof attributescontributing to the
signatureThis s illustratedin Fig. 2. With anincreasingvalueof D, the optimal sig-
naturesizeincreaseaswell. In our contet, a valueof D largerthanone,meanshat
morethanoneattribute contributesto the signature so that querieson morethanone
attribute canbe performedater.

In the restof this study we will use F'=8 whenusingthe default parametersand
useF'=16,32and48for D=2,4, and8, respectiely.



Gain in %

Gain in %

-10 |
-20 1 -20 ¢

0 200 400 600 800 1000 0 200 400 600 800 1000
Memory size Memory size
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Fig. 5. Gainfrom usingsignaturesyersusmemorysize,for differentaverageobjectsizes.Non-
temporalOODB to theleft, temporalOODB to theright.

7.2 Gain From Using Signatures

Figure 3 shaws the gain from using signatureswith differentaccesgatterns.Using
signaturess beneficialfor all accespatternsgxceptwhenonly avery limited amount
of memoryis available.

Figure4 shows the gainfrom usingsignaturesfor differentvaluesof D. Thegain
decreasewith increasingvalueof D.

7.3 The Effect of the AverageObject Size

We have chosenl28 asthe default averageobjectsize. It might be objectedthat this
valueis toolarge,but Fig. 5 shavs thatevenwith smallerobjectsizesusingsignatures
will be beneficial.Thefigurealsoshavs how the gainincreasesvith increasingobject

size.
7.4 The Effect of P4 and Py,

Thevalueof P, is the fraction of the readqueriesthat canbenefitfrom signatures.
Figure6 illustratesthe gainwith differentvaluesof P,,,. As canbe expecteda small
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temporalOODB to theleft, temporalOODB to theright.

60 [ O o 60 - O E

—
0 pows 1 -
40 8 s 40 AT RO

——
- K opr
(¥

-
& -
sttt g BT e

B
ettt
e I
ST
A ]

Gain in %
Gain in %

20 20 ¥ —
5 W
H
oH 0
%
-20 -20
0 200 400 600 800 1000 0 200 400 600 800 1000
Memory size Memory size

Fig. 7. Gainfrom usingsignaturesyersusnemorysize for differentvaluesof P4. Non-temporal
OODBto theleft, temporalOODB to theright.

valueof P,,, resultsin negative gainin the caseof non-temporalDODBs,i.e., in this

casestoringandmaintainingsignaturesn the OIDX reducegheaverageperformance.
Thevalueof P4 isthefractionof querieobjectshatareactualdrops theselectvity

of thequery Only if thevalueof P4 is sufiiciently low, will we beableto benefitfrom

usingsignatureskigure7 shavsthatsignaturesvill bebeneficialevenwith arelatively
largevalueof Py.

8 Conclusions

We havein this paperdescribechow signatureganbe storedin the OIDX. AstheOD
is accessedn every objectaccessn ary casethereis no extra signatureretrieval cost.
In atraditional,non-versionedOODBs, maintainingsignaturesneansthat the OIDX
needdo beupdatedeverytime anobjectis updatedput astheanalysisshaws, it will in
mostcasegay back,aslessobjectsneedto beretrieved.

Storingsignaturesn the OIDX is evenmoreattractve for TOODBs.In TOODBS,
the OIDX will have to be updatedon every objectupdateanyway, soin thatcasethe
extra costassociateavith signaturemaintenanceés very low.



As shavedin theanalysis substantiabaincanbe achiezedby storingthe signature
in the OIDX. We have donethe analysiswith differentsystemparametersaccesgat-
terns,andquerypatternsandin mostcasesstoringthe objectsignaturesn the OIDX
is beneficial.Thetypical gainis from 20 to 40%. Interestingto noteis thatthe optimal
signaturesizecanbequitesmall.

The exampleanalyzedn this paperis quite simple.A queryfor perfectmatchhas
alow complity, andthereis only limited room for improvement.The real benefitis
availablein querieswherethe signaturesanbe usedto reducethe amountof datato
be processeat subsequergtageof the query resultingin largeramountsof datathat
canbe processedh mainmemory This canspeedup queryprocessingseveral orders
of magnitude.

Anotherinterestingtopic for further researchs usingsignaturesn the context of
bitemporalTOODBSs.
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