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Abstr act.[Inmanyiodern@pplicati onsivehavelfoldeal Divith(hugelvol umes]
of [data. M any[fechni quesihavebeen(devel opedonhow Iblextract Rnowledge, [
statistical (lisually, Bromdhem, [éspeci a l y[Iin[Ehel¢ontext [of [dataltni ning.[Thed
resultsCof CsuchCbperati onsLarelAbstractandtompactTepresentati onsLof (thel]
original [data,Whi chiwelbamelpatter ns.[3till, Eheselpatternsihavefobefurther
elaboratedtolbeused[nCanCEffectivelvay. (InCthi sChaperCvelpresent[(thed
architecturelbf (A Patter nCBase Management[Systemthat[tan[beusedto[]
efficiently(Store,(ABndlquerypatterns. (Welpresent[itslogi cal [$tructurelandive]
commentCbntheltriteriabf Cwhether(thelkxistingCsystemsfor [storingCandC
mani pul atingCdatal canCcover [thellspeci al Cuser Crequi rementsCthat Cpatterns]
impose.O

1.0 Introductiond

Today’ sCworldCproduces’anenormousCamountCof [datal inCal tegul ar Chasis.[Huge[
amountslof (fawldatalhavelfolbelprocessed@ndEakenlintol¢onsi deration[beforelmew
sol utionslandldleci s onsCarelmadelin[$everal [iel ds.[Rawldatalarelfactsihat thavelan[]
implicitiineani nglandbavebeen(fecordedfromari ousiSourceslinthelfeal Worl d.[This[]
recordingCtanCbeltdonelbyhumansthroughlCtlatal entryprocedures,Corbyltollecting]
measurementsfromari ouslinstrumentsior [devices,[&.g.,[del | ular[phones, [énvironment ]
measurements,monitoringCof Cecomputer (systems, Cete. [{Figure[ ). he[determining]
property[of (faw(datalis(ihelVastness of (iheir Vol ume; [inoreover, (Al tertai n[degreelof (1
heterogeneitylisa solpresent.

Clearly, [atalin[$uchChugelvol umesldolmot[¢onstitutelknowl edgelper[se;[i.e.,[Fheyd
cannot[beldirectlyCexploitedby ChumanCbei ngsCandCholCuiseful [ nformati ontanCbe
deduced(si mply by fhei ridbservati on. T hus, [inorelel aborateflechni queslareliequiredin[]
order[foléxtractfhelhi ddenknowl edgelandiakelfheseldatalval uabl elfolthelénd-users.[
DatalminingBeLi96,[FPSU96,[HaK a01,[V az+02] (vastevel opedtolChel pCextract
knowledgeldrom(ihetawldlata, (lising(& gorithmsihat[toul dldli scover[$everal [tatisticl
propertieslintheloriginal Cdata. (Datalni ningCproducestesul tsli kel@ssociationtul es, [
clusters,[dlecision(frees@ndlbther [$tructuresihat [describelproperti eslof (thelfawdata.[]
Theldommonl(dharacteri sti clof [@ | fheselfiechni queslisthat (i glporti onsiof (thelavail abl e[
datalCare[abstractedCandCrepresented by Cal lsmal | Cnumber Cof Cknowl edge-carrying



representatives,[Whichlivelal | (patter ns.[(Patternslin{ihi sisenseldomot @ppear [onlynCl
dataliminingCbutCinCseveral Cother[fields,ikelsi gnal [processi ng,Limageltecognition,]
spatial[databases@ndothers.]

Thelpatternsidespi tellyei nglal ready (thelfesul tslof ([Somelel aborati on[on(theldaw(data, [
arelnot, Wisualy, [in@formthat[¢anleaduisdi rectl y folieal i felfesul ts.(Welheedool s[]
that[will Cpermitflisol¢ompare, [Guery [and3torelfhelpatternsiinforder [Holtetrieveldhe
informati oniwellvant.[T hi sipaper [describesthelarchitecturelof (alSystembamedPatter n(]
Database[Management[1System(PBM S)that Clwill CprovidedsuchCtool sCfor Cpatternt]
manipulation.O]

Thelmai nfocuslof [ihi shivork [isCdual : [{a) [itCdescribesCmotivationbehi ndandihe]
architecturelof [fhePBM S, [and[{b)[itléxpl ainsiwhy[Such@s$ystemliinfheeded[andwvhy (]
noléxi stingC3ystemTor [$tori nglandCinani pul ati ngLélatal canbe lised. (In[Bection20vel]
explainfhat[patternsCare, Landgivelbriefly[somelmathematical [backgroundforihe[]
PBM S.InCBection[3thelarchitecturelof (The[lPBM Sliisdescribed. n[Secti on[4welist[]
criterialfor[PBM S[characteristi csiand(in$ecti onBweldoncl ude.(]

2.[0 Patter nslandM athematical background(]

Toleffectivelyldescribelhat(patterns@relinlour [éontext[andwhy [Ehey[arel$olliseful , ]
welpresent[@néxemplary$cenario,[BummarizedlinFigure1.[T heldvail abl e[tawdatal]
comelfromCalsuperCmarket, (wherelthe[goodspurchased[fromeach[tustomerarel]
recordedinfheldlatabaselof (Thel$uperinarket.[W hil elthi sivast ol umeldf [datalishot ]
providingfuisivith[any [parti cul ar [informati onfonEhelbuyi nghabitsof [Thel¢ustomers, [
weltan[apply[al setlof (knowledgel i scovery@a gorithmsiolthellinderlyingldata and(
comelupOwithOsomelknowl edge. [ nthecasebf (i gurel 11, Cwelhavelappliedlan]
associ ation-ruleslal gorithm, thusCthel[knowl edge-carryingCabstracti onsCof [datalarel]
associ ati on[ful es.[Observelthat [Thel&ssoci ati on[oul elof [Fi gure1, [@partfromproviding
thelénd-user (Wvith(Somelhi dden&nowl edgelover fhellinderlyingldata, [¢anbelli nked{o
thelSubset (0f (Maw(datalil(isrel atedib({seelthel@rrowslihFigured).
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a

Patterns, (thus, [¢anbeliegarded(@sartifacts, tivhi chldescribel{alsubset[of ) (aw dlatal’]
with(& milar(propertiestand/orbehavior, [(providingla compact[andTi chlin[$emantics
representati onClof (data. Ol nCour Osetti ng, CpatternsCmust Csati sfy Cthelf ol lowi ngCtwoll
properties:(d



1.[Welassumelhat[@nappi nglbetweenihel tawldatal spacelandThelpatternCspacelis]
awayslpossibl g; [inthelinostgeneral [daseltheldardinal ity [of (thi siinappi nglisdany -

t o- many .[Hopefully,fhel@amount(df [datal@ssoci atedfb@Si ngl elpatternthroughlthi s

mappinglisTargelénoughiblqualifyfhelpatterniasiaidompact [fepresentati onldf [data. (]
2.[Thelextracted[patternsChaveltolpreservelasCmuchlCknowl edgel s possiblelwith(]

respecttol[ the(drawdataltheyCcorrespondto. [l nClother COwords, Cithey Omust Cbeld

semanticallymich, Bothfhroughthelknowl edgelpreservati onl@nd(theirldonci seness.]

a

Based[dn(theldboveldiscussion,Welarefeadyiblgivelairst, ihformal ,[definiti onfior
patterns.]

Definition[110A CpatternCeanbeldefined Cas[al compact Cand[ri chCinCsemantics]
representati on(af [faw(data. [t ]

O

Next,Weldiscussithelfhathematical (floundati onslof [patternsiand(theirrel ati onshipio
rawldata.[(Weltanbase[fheldli scussion[onhedoll owi nglassumptions,Whichldirectly
stemlfrom(thelaf orementioned(definitions: [

—[T herelexi stslalSour celSpacel(thelSpaceldf [fawldata) [@nd@patter niSpace.[]

—[T herelal wayslexi stlfiel ati onshi pslamongfhelinembersiaf [ThelSourcelspace@ndihe]
membersLof Ehelpatternispace. [Inlgeneral ,[Theselfel ati onshi psi¢anbelof [dardinality (]
many- t o- many(ile.,[@patternidanldorrespondibimorefhanoneldatalitemsiandvicel]
versa[ll
a
Sour ce[BpacelChar acter istics.[Weltan@ssumelihat [éach{datalitemnthel$ource

spacelisidharacteri zedBy(afiniteldumber, [Say N, [0f [di mensi ons. Infheldaselof (ASingl e[

rel ational (fabl e, theseldi mensi onsivoul diprobabl y (dorrespondiiblthelfi el dslof [thelfabl el

(althoughCbneltanal so[tonsider [scenari osCivherelonlyCa subset Cof (theselfieldslisO

considered, JorCwherellextralinformation, ke stati stical [ nformati onCderivedfromO

catal oghi stograms, CannotatesCeach[tupl €). LW el canassume, CasCusual , (that CeachC]
dimensi onlof Theldatalitemsbel ongsEolanlinfinitel y[dountabl eldomain.[Welwil | [¢al |
dom( x) (heltlomai nCof Céachldlimension.dfA,, .., AyfarelXheldimensi onslof (Theldatal]
items, (Ehe[source spacelis definedlAslom A,) x..xdon( Ay) ,[WwhichOwvelwill C¢al | DY.0
ThelSet[of (actual | y(Storeddataléompri se@subset [of (D", (ivhi chveldal | Gctivelsourced

space; Wwelwill [efer foihe@Acti ve@ource@pace@s@kﬂ O

a

Patter n[BpacelChar acteristics.(Independently[of Bivhi chkindsCof [patternsiive@re]
workinglon, Weldan(assumelihat[éach(patter nlisidhar acterizedbyaliniteldumber,[Say
M CofCdimensionsLor (features.[Wel tan[assume, [asCusual , [that[eachtimensionCof (&
patternbel ongsol@nlinfinitel y(tountableldomain.CAgain,velwill [¢al | [don( x) [held
domai nof[éachldi mension.f [B,, .., B{farefheldi mensi onsiof Thelpatterns, tiveldefine]
thelpattern$pacel@sidon( B,) x..xdon( By) ,[Which[Horbrevity[velWill [¢al | (D" INote, ]
thatCasCusually,Conly [aldi nite[ubset Cof (thelpatternCspacelil | Dbeléventual ly[Stored,
queri ed@ndlfanagedlihsi delfhelpatternihanagement[System; [Similarl yfbldata, velwil | T

refer [folthi siSubset@sthelacti velpatterniSpaceD, [0
g



Relationshiplofdatalandpatter n[Spaces.[Without[losslof [generality, iveldan(Say [
that[éach[patternlisiiel atedtolmorelthanCbneltlatalitems.CA sfar[as tatalitems are]
concerned, [@datalitem(dan(al sobelrel atedfbmorethanlonelpatterniduelio: [

(a) [fuzziness,(ile.,thel@ppli cationlof [@nf@l gorithmthat [doesot resul t Th(@lSingl eldrispd
patternival uelfior[@achldatalitem; ]

(b) Mbverlappingloutput,[é.g., [in[theldaselof [@lpai r[of [Associ ati on[ful esiivherelonelislal]
moreldeneral Wariant(af fheldther;

(c) Mthelsi mpleliactihat Bhereltan[belpatternsiof [dlifferentfypesi¢orrespondingiiola]
singleldatalitem{e.q.,(becauselfwoldlifferent[@ gorithmsivereléxecuted[over [Thel]
samelSet(of [Faw(data).(]

Datal$pacel] Patter n[$pacel]

O

Figure2.[Datal@andpatter n[Spaces, @l ongwithlpatter n[Subspaces.[]
O
ObservelFigure2,Whereleldan[Seelfhelriel ati onshi pbetweenthelSourcelSpaceland
aldertai n[patterniSpace.[Asmentionedbefore, [Thelbel ati onshi plisnotafunction, But i
general {l p: D' —DMik@Ahany-to-many (el ationship. [T
O
Relationshipldhar acteristics.ByldbservingthelV ennldiagram(of (i gure2, weldan[]
enrichtheltata-patterntel ationshipd p-CwithCextraldnformation.[Basically,(weltan]
define:[
(a)Mparticipationmeasur esor [Eheltel ationship,[&.g., howlargel3ubsetsiof VY, MMt
involves,[if itfikibtal [Or(ihj ective,[étc;
(b)Mimportancelrneasur esfor [Aldatalitem, [e.q., owmany [patternsldoeslit[dorrespond]
tol{practi callyldenotingthow important[Orihteresti nglitmightbe);
(c)Mimportancelieasur esfor (alpattern,[é.g.,[howinany[datalitemslit[¢orresponds(io, ]
whether[ihel[$et[of [its dlatalincl udeshel$et[of [datal of (Another [pattern{inivhich
caselweldan(test for[patternZoom-in/out, [@nd(of [dourse, lidentity). ]
a
Another(issuelthat weldan(di scusslislthat [0f () fi ch@nd({b) [Gompact epresentation]
of theldatalitemsfrom(thelpart(of (thelpatterns. ([For (both(of [theselissuesiveldan(gjivea]
naivelietric. L etfis[3tart Wi th i chnessLof Mepresentati on. [Cl earl y, lvel¢annot @ way s
(or,[dolhot i sh(io) Cstorelthelentireltel ationshi pLof [patternsCandCdatalinCpersistent ]
storage.Ihstead, Weldanlintroduceldondensedriepr esentati ons(af [thi sifel ationship(e.g.,
inffheformlof (éxpressionsliin@l¢ertai nlanguage). [T helri chnessof [fepresentati onléan]



bellcomputedasthedf ractionClof (Otheldrel ati onshi psCicaptured by Cthi sClcondensed
representati on[dver fhelfotal (humber [of [fel ati onshi psiof (i yx[{actual ly, livel¢anldefine
twolSuchfunctions,éxactly@sthelinformati onRetri eval [dommunity [defines{precision]
and(iecall).[A nother ineasurel¢oul dibelfhelsuccessifati o[of [(thellinverse’ [inapping, Lif (]
such[@appinglcanbelderived.[Asfar(asihelcompactnessLof [Theltepresentationis]

concerned, (& toarselineasure[Woul dlbeltheltatiolof [si ze( DX‘]) *M si ze( DED) *N.O

(Notelthatlv Niishot@lgoodmeasure, [Sincel@n(@ssoci ationul elover [@Tel ationivithMIC
attributesi¢an(invol vellipfo2 N@ttributes; (stil | [if (iveldoul d¢haracterize1M [datafows[]
with[1K [associati onlrul esiar (Bldl usters, [thi sivoul dibeldompacténoughlriepresentation). ]

0

Subspacesiof [Thelpatter n[Space.[Another[interestinglobservation(lieslin[Figure2,
wherelWel tan[$eelthat[in[genera ,[Xhelpatter n[pacelisthellini on[of(afinitelset[of (]
different[Sub-spaces.Weldan(envisagelthi sidivisi onlinfwoldi fferent[dases. Inthelfirst[]
case,[Weldan(donsi der [@dertai n[Subspaceldomprisi nglthelSet[of [@ssoci ati onlrul esidver @]
tabl e[of [aw(dataland[another [Subspacel¢omprisi nglthel$et[of [deci sionlfreesiover [fhed
samelfabl e.dn[general ,[éxactly[asiweldefi nelfabl eslinlthelrel ati onal (paradigm, Weldan]
defineldoll ectionslof [Semantical ly[rel ated[patterns({i .e.,[Subspacesiof [thelgrandpattern]
space) Cat[designltime.[d n(the[secondtase,Lbnel tan[tonsider that[&ll [the[patterns]
producedby(aldertai n[al gorithm{e.g.,[@ssoci ationliul es) formlaldertai n[subspacel{i.e.,[
welhavelonelsubspacelfor[decisionlirees,@nother [{for frequentlitem$ets, Andsolon).O
Each(subspaceldanbelfurther [decomposedlinimorelsubspaces, [inlthelSsamelSpirit{e.g.,[]
the[Subspacelof (¢l ustersidanefurther [di vi dedfolSubspacesaccordingiolthelfypelof [
clustering(@ gorithm¢l uster[Schemelof Thelpatterns).[A gai n, [Thelprobl emlof (pattern]
similaritybetweenthelinemberslof fhefwolSubspaceslistiai sed. (Inlgeneral ,[Subspaces]
canbelconsideredCasCartifi cial CconstructsOnecessary CtoCgroupUsemantical |y CandO
structurally[di milar[patternsifogether, Withfhepurposeldf theirfurther[querying. I

3.0 Thelteferencel@rchitecturelfor [TthellPatter n-Base[IM anagement ]
System[]

Patterns_tan[belmanagedlby [usi ngaPatter n-Base[Management[Bystem&xactly[as]
databaseltecords are[nanagedby [ tatabaselmanagement[$ystem. dnCour [3etting, ]
Pattern-Baselllanagement[System((PBM S) [dan(beldefi ned(as(fol lows.[]

a

Definition[2.CA [Patter n-Base[M anagement [(Bystem[{PBM S)[isCa bystemTor[]
handling({storing/processing/retrieving) CpatternsCdefinedCover[rawldatal inCorder[tol]
efficientlydsupportdpatternCImatchingdandOtoCexpl oitC pattern-rel atedoperations(]
generatinglihtentional [ihformation. @]
O

Thelfeferencelarchitecturelof AIPB M Slis(dlepi ctednFigurel3. it[¢onsi stslof [Threel
maj or dlayerslof [informati onorgani zati on. dnXhelbottomLof [ gurelB, lveldepi ctThell
datalstores{that[Gontai n[Baw(datal{formi ngthus, thelRawDatallayer).[Raw(datalcanBe]
eitheranagedbyADBM Slor[¢canbelstoredliniles,[$treamslor @nyLother[(physical [
mean(that(is(tanagedoutsi defalDBM S.[Atfhefoplof (Fi gurel3, iveldepi ctThePBM S



repositoryhat[¢ontai ns{patterns, ivhi chflormsthePatter n-BaseManagement[Bystem(]
Layer.[Finally, [inhelmiddl elof (Fi gurel3, veldan[observelihelintermedi atelinappingsC]
that[fel ate[patternsiolthei riéorrespondingldata, formingthelnter mediatelDatallayer .[]
I ntermedi ateCmappingsfacilitatelthe[justificationCof Cany Cknowl edgelinferredCatthel]
PBM Shwithrespectfofheltawldata; foréxampl e, [They[¢oul dibellisedToltetrievelihel
rows{that[producedhelassociationlful elof [ g.[1.Odeal ly, velvoul di kelthi sTayer [fo
belpartlof PBM S, [invol ving(Speciali zed[storagelandlindexinglstructures.[For[practical
purposes, [Though, the[PBM Slshoul dibel¢onstructedlinf3uchlalvay[That[it[Functions
even(if [intermedi atelfesultslarelout[of [itsidontrol [Qwhi chlivellvoul dléxpect@sthelnost ]
possibl elScenariolih(real -worl diScenarios), [6r[@ven(dbsent.[]

a
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Figurel3.[Referencel@r chitectur elfior ThelPatter n-BaselMl anagement [System

O

InthelSequel ,velwill [del velintohelinter nal siof thelPBM S, whi chiwi | | Bbelthefocus
of [ourMesearch.[Weldli sti ngui shihreelinternal [donceptual Mayer slinfhe@rchitecturelof ]



theOPBM S(i nClcontrastCtoCthellaf orementionedCphysi cal CllayersCof CitheCprevious

paragraph):[]

—[Patternlayer,hi chlispopul atedWith(patterns.[T heselarelfhebas cléntiti esithat@re]
storedlinthelPBM S.0J

—[Typellayer,whi chifiol dsiBuilt-in@ndtser [defi ned(tlypeslfor [patterns. O

—[Classayer,(Whi chhol ds[built-i nCandCuser-defi nedCdlefi niti onsCof [patternl el asses, [
i.e.,[dollections(of [Semanti cal l y[rel ated[patterns.(]

Thelast[fwolTayersiarel¢onceptual l y[Thigher” [thanfhelpatternlayer [@stheléntities ]
theyOdefine[areCimorelabstract. T heirOrol e[l sCisupportiveldin(theOdefi nitionCland
mani pul ationCof [(Ehelpatterns.[INext, ivelpresent[@bri ef [dlescri ption[of (&l | EheléntitiesO
that[@ppear [ih(thi sidonceptual [descri ption(of thePBM S: [
—[PatternllLayer.[Thelpatternslcanbeleitheridentifiedhroughltueryprocessinglor ]

given(a-priori,[accordingiolihel¢l assificationproposediin{Bection1. [Patternsarel]

rel atedvith[faw(datalVi althelintermediatelinappi ngs. dnthelfirst[¢ase, [they[danlbel]
obtai nedby [di fferentélatalini ning[@A gorithms. (In[Fi gurelB, [hreel@ gorithmshavell
been(applied: fanCal gorithmdor@heléxtracti on[of [associationltul es,[thelDBSCAN

a gorithm(J EK SX996] [for[the[extraction[bf ClustersCandCanlal gorithmFor[thel

extractionlof [@ldeci s on(free.[Besideslthi s, [Alliser [Gan(Specifical | yldefinel@and(storelal]

patternfoverfhelfawldata,[é.g.,[Aprimarykey¢onstrai nt,[aFunctional [dependency ]
orCanlintegrityCrule.00nFi gure[BOweldepict[theltase[Whereltheltesigner[of (thel]

databaselwithlthelraw(data, hasldefi nedlalprimaryKeydonstrai ntidver them. [T
—[TypellLayer.[The’PBM Sipatternflypes, [describelthelsyntax[of (the[patterns.[Patterns]

of [Sameltlypelsharelsi milar[¢haracteristics.[T helintuiti onbehi ndthi slisEhat @ Targel]

number [0f [Bperati onsiGanbel@ppliedblpatternsiwvith(similardharacteristics@nd(get (]
potential lylmneani ngful (esults.[T hus, [defininglalpattern@si@nlinstancelof [@Specificll
typelensuresthat[tertai nCoperationsCill Chelapplicableltolit.[ForCexample,[thel
overlaplof (@ tirclelandlanlinferenceltul el¢annot[&venbeldefinedinCanlintuitivel
manner, Whereastheldverl apbetweenfivoldircl esitnay beldf ihterest. M oreover, fhell
| essonl earnedIfromCobj ect-ori entedCidatabasesdi ctatesOthat Cdi fferentDinternal O
representati onsCican[beJsuitabl e[for Cdifferent Tty pesCof Cpatterns.CNormal ly, Cweld
anti cipatelfthelBM Slibldomelwith[@Set[of Built-in,[popul ar [patterniypes.[Htill,[Fhel]
typedayer Omust[belextensi bl e, (ki mplyChecausethelket[of [phatterntypesthat Ot
incorporatesddmustdbedextensible.d1nOfact, Dwelunderstandd thel extensibility [
mechani smCasCal requirement[for[the[model , (ko thatCvhenever CalhewkindCof [
patternslisidevised, [it[danelgraceful lylincorporatedlinfhe[PBM S. [T helfypellayer]
must[¢haracteri ze[patternsibasedlonthelflypeldf (Sourceldatatheyareltiel atedivith, (]
their[structure,[@ndthelfheasuresivelwant(fb@ssoci atelwiththem.
—[OClass[Layer.[TThe[PBM S[tlasseslare[ toll ectionsof [patternsCivhi ch[share[somel]
semanti cCsimilarity. (Patternsthat[arelmembersof (the[$amel ¢l asslarelobligatorily [
requiredtolbelongltolthelsameltype.[TlassesCarellisedtol treate[patternsCvithd
predefined[Semanti csLgji ven[bytheldesi gner; [by[doing$o, [theldes gnerimakesCitd
easi er [forfheluisersibworkOnthemlih@feani ngful ay. [For[éxampl e, [@ldl asslhay [
compriseCmembersthatCareltlustersCbver CAGECANdSALARY,.e.,[patternsthat[]
represent[groupsiof [@mpl oyeeslinlaldompany [thathavel@pproxi matel yfhelSame@ged
andgetOsimilarOsal ari es. [ nCorder (toCmodel (theselconcepts, Oweldassumethat [
supportiveleéntitiesinot@ppeari ngihFigurel3,dal | edfeatur es, Bel ongsibihePBM S.0
Features{fiorm@niontol ogy ihfthelPBM S, hoselel ementsiarelusedihfheldefinitions[



of [patternsCandCtlasses. [Featuresfacilitatel[ i vingsemantics[tolthelpatternsCor(]

classeslthat@reldefi nedloverthem.Weldanlimagi nelfleaturesiasialdynamiclinterfacel]

over[tawldlata. [(For[é&xampl e, [@Teaturelllabel ed[AGE[tanbeldlynamical | yinkediol]
several [datalfepresenti nglthelageldf (empl oyees.[

Onel¢oul dlél aboratelnorelonléxtralpotential [¢haracteristi csLof (fhel¢l assland [y peld
layers; [ihifact, ih{[Ri z+03] Welhavelihtroducedthelnioti onlof [Speciali zati onlhi erarchies]
among(llypesiandthelpossibility[df ([composi ng/refininglcompositelypes. [FFor dlack [of (1
space, Welrefer fhelihterestedifieader fb[IRiz+03].[]

Another Cimeta-entity Cof (the[PBM ST s thellanguagelthat[i s used ol definelthe[]
structurelof [patternsCand theltondensedCexpressionfortepresentingthelmappings]
between(thepatternsCandtheirtespectivelfaw[tata. [T helexpressivelpower[of (the]
languageland(thelavail abl elfleaturesideter mi nelthelkind(af [patternsithat eldanléxpress]
in[&l¢ertain[PBM S.[T he[PBM Sieatures[providelfhelsemanti cldomai n[of thePBM S; [
the[supported]anguagelbnthelbther Chand, rovidesthelexpressivelpower Cof [ the[]
PBM S.[1ByUextendi ngthelJdefi nedf eaturesland/or Chy ClusingOaldmorelexpressiveld
language, [horelpatternsidanBelstored@ndimani pul ated Dy fhePBM S.0

5.0 Towards@PBM SIM anifestoll

I nlthi slsectionfivelvill [di scusslonthelhecessary [princi pl eslandfeaturesfor [APBM S.[

Clearly,[Thi sltepresentslalpersonal (i ewpoint; [$til | Divelbeli evelitfsiivel | Gustified by

interestingCpracti cal Capplications. [First, (el givela short i stCof CrequirementsCand]

characteristicsfor[a[PBM S.[WelgrouptheltequirementsCinfunctional CandCsystem]

areas.[Then,ivelwill [briefly[domparelour [@pproachivithfespectibheldurrentStatelof [

thel@rt(ihldbj ect-rel ational [And(object-orientedBM S's.00
a

Datalthodel
O

1.TAPBM S[will CbelbasedLiponCagenericluniformCmodel [thatCtoversiall CkindsCof [
patterns.T helinodel [dapturesial | [Stati ¢, [dynami cl@andhivel | -formednessiproperti eslof O
allOpatternsCy(i.e., Ostructure, Coperati onsCandintegrity Cconstrai nts), j ust CasCthe
rel ational [thodel [does(for[databaselriecords.[]

2.[APBM SImodel [fepresentslitslinstanceslihlaldompactand i chlinSemanti csflashi on
(i.e.,0velgai n[@ldonci seliepresentati on(vithBespect [folthefaw dataland Tveldomhot ]
| oselinformation; [in(act, vel@bstract(hewknowledgelbyéscaping(fromthelVast[]
volumelof [faw(data).[

3.LAOPBM SOwill OsupportOdifferentCtypesCof Cpatternsti nCanClextensi bl eCifashion. O
Wheneverhew[Kindslof [patternslareldiscovered, [or[¢onsi deredfolbelof [interestfo]
thePBM SCusers,[theyOwill Cbelsmoothly [ ntegratedCin(the[PBM S, [(throughCan(]
extensibilitythechanism.O

4.CAPBM Slwvill (3l owlitsluiser [oelabl efolidentifyinteresti ng[Subsetsiof thelpattern
spacelJonOthe(basi sClof Cthei rOsemanti cal Osimilarity. CIT hi sClcorrespondsOtoCtheld
af orementioned(notionof[dl asses.[]

5.[APBM SCwill CsupportCcompositeCpatterns, Cgenerated (fromCsi mpl erCones. T hi s
impliesCithatOseveral Olevel sCof Orepresentati on/abstracti onCshoul dCexi stCamong(l



patterns, [incl udingldlifferentlevel sof (granul arity, [inul ti-di mensi onality, iecursion, [
hierarchies, [etc. [

0

Ar chitectur el

0

6.[APBM Swill [havelitsiownmechani sms(flor [fepr esentingl@nd(storingfitsientries.(]

7.[ATPBM Siwill[dooperatelwith(DBM S' sistori ngldawldata; [However [faw(dataldan(al sol]
belstoredldutsideldBMS.[0

8.[A[PBM Slmust elabl elfolhanagelal solpatter nleéxtractionland(dr eation, fhroughlthe]
appropriatelechanisms.[]

9.[APBM S[wvil I T3l l owlAccessTolinter medi atelfesul tslof [patter nlér eationlal gorithms; ]
still,CvheneverCaccesstolthesel tlatalisChot[possible,[the[PBM S[Will Ctontinueltol]
functionOproperly,JcompensatingCthell ossClof knowl edgelthroughUappropriatel]
mechanisms. I

0
Querylll anguagel@ndPr ocessingl]
0

10.APBM S[processesldifferentkindsCof [tjueri es {becauselof [dli fferentClser Cheeds),[d
possi blylevenlon(taw(dataland fetur nsithor elihtuiti velfesul tsiblusers.0

11.ATPBM SCemploysCalgquerydanguagelwhichCtan[at(east[performthelfollowingOd
tasks:.O

—[Patter nCmatching,meani ngltheCmappingLof (&l certai n[{new) [input (tolA et[of (]
patterns(@l readyfioundlinthePBM Sland(itsreverseldperation,whichlleadsfrom
thelpatternfowardsthelfaw(datalthat[dorrespondiblit(]

—[Deductiveltapabilities, meaningthat[1ogical Cinferences bnthelbasi sCbf (thell
pattern(riepresentati onfareldnelof (theldesi deratalfor fhelduerylanguage.[Thisidan]
involveseveral [operati ons, (suchCaszoomdn/out Dover [Cpatternsthat CcanChed
composedivith[part-of [fel ationshipsi{i.e., @ patternihat[¢orrespondsiolalarge]
setlof [datalis[possi bl y el atedfol[A pattern[that [¢orrespondsiio@subset[of [fhese[]
data),[patternCcompositionCobf Chatterns, CwhichCareltandidates ol tomposelal]
complexpattern,[toll-upLandCdlrill-downCoverCmultidimensional Chierarchieslof [
features,(étc.]

—[Metalhueryingfacilities,Cenablingthelpossi bility Cof ChueryingtheCtomposing]
elementsCof JalpatternCbaselJ(e.g., (types, Ccl asses, Cetc.) dinCorder CtoOextract (O
meani ngful [doncl usi onsiand(ib(enabl elthel@dmini stration(of the[PBM ST

12. APBM Slisuisef ul [inforder [olprocesslthoseldueri esimor eléfficientl ylthan@mor mal

DBMSWwouldido.[

a

Weltend(iolbelievelthatThePANDA [@pproachlisiot yet@another [dbj ect-oriented[(0r [

object-relational Bvariant.CAIthoughCtCimi ght ook Chyui teC €l oseCdueltolthel €l ass/typel

system, thelfivol@pproachesl@relintrinsical ly[different: Il

—OnCtermsOof Othemodel , Ctheddi scrimi nati ngCif eatureli sCitheCrequi rement Cif or Jald
semanti cal l y[fi ch(tepresentati on[of [patterns, [achi eved by [$eparati ng[Structureland]
measureldnhelonefand, By(ihtroduci ngiheléxpressionldomponentOntheldther.[]

—OFromtheF unctional Cooi ntCof Cvi ew, (i nstead Cof Cpoi nter-chasi ngCobj ect-oriented
queries,[hovel [queryingtequi rementsarise,[including({a) (adhocloperations over]
the[sourceland[patternCspacesCandtheirCimapping, [ b) CpatternCimatchingtests, [



facilitatedfromithelSeparati on(df [Structure@ndmheasure, [@ndL{c) Measoni ngfacilities]
based@n(theléxpressionldomponent(df [patterns.

—OInCiermsCof CsystemCarchitecture, (thelrel evancelof Cueri esChi medCatCeval uatingd
similarityChetweenpatternsClandthelrequest [forCefficiencycal | (For Calternativell
storageland(query[dpti mi zationlfechniques. T

6.0 ConclusionsiandFuture\Work

I n(thi sipaper, Welhiaveldeal tiwiththelihtroducti onof (thelmathemati cal [floundationsiand]
theCarchitectureIforCpatternCimanagement.[First, Owel i ntroducedthellintuitionCland
mathematical [ foundations] forJ pattern] management.[] Next, 0 well presented the
architecturelof (a[Patter n[Base[Management[Bystem(that[tan[belisedTol&fficiently
storel@ndlquerypatterns. [FFinal ly,ivelcommentedlipon(theldriteri aland[¢haracteristicsO
of PBM S slandloniwhether [thelexi sting(Systems(for [Stori ngland(rnani pul atingldataldan(]
cover(thelSpecial [dser [fequirementsithat [Patternsiimpose.[]

Clearly,0OunderthisOgeneral Oframework, OtheCIPAND A OconsortiumChasOseveral [
i nteresti ngfasksfolaccomplish.[Fromiourpart, ([dur futurelfesearchliincl udesprimarily
theoretical [aspectsilikelthelintroducti onlof [Alpowerf ul languagelfor [xpressi ngpattern]
semantics,thelpossibility[0f ([Gontributi nglibthelhodel [0f [[Ri z+03] (e.g., By ihtroducing
congtraintsidn(patterns, @nd(fi nally By [dontributi ngib@fl exi bl elquerylanguageandlits]
respectivel@ gebralfior fetri evingl@ndidompari ngldompl ex[patterns. [
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