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Abstr act.[Extraction-Transformation-L oading[{ETL ) Hool sarelpi eceslof [$oftwareltesponsi bl e(for]
thelextraction[of [datalfrom(Several [Sources, [Their(dl eansing,[@ustomi zation[and(ihsertionlintolaldatall
warehouse.[ResearchChas[onlyFecently[teal tCwiththelabovel broblemCandChas[hotCestablishedd
commonlyOaccepteddmodel s, 0f ormali smsOandCtechni quesCf or CtasksClikeOtheldjobCldefinition, O
scheduling, [inonitori ngl@ndCeérrorhandlingnAnETL [environment. [Inlthi sipaper, ivefocuslonthe
problem(of theldefinition[of [ETL [Acti viti eslandprovideformal foundati onsfor thei r [fepresentation.[]
ThelproposedCmodel 0 s[{a) Ctustomi zed[For (theltracingCof [ nter-attri buteTel ationshi psCand[thed
respectivelETL Cactivitieslinthelearl y[stageslof (el Hatal Warehouselproject; [{b) Cenriched Wwith[a]
'pal ette' [of [AlSet [0f [frequently [ised ETL [acti viti es, [T kefhelassignment[6f [Surrogatelkeys, [thelcheck (I
forChull val ues, C&tc; Cand{ c) Ceonstructedlin[a tustomizabl eCandCextensi bl eCimanner, (5o that [theld

designer(dan(enrichitiwithhisléwn(fie-occurring(patternsfor ETL [Ectivities.[]

1.0ntroduction™

Extraction-Transfor mation-Loading[{ET L) (ool sfis[& tategory[of [$peci al i zed@ool shwvithEhe[]
task[of [dealinglwith[datalwarehouselhomogeneity, [¢l eani nglandToadingjprobl ems.[[IShTy98] [
reportsihat[ET L [AndDatalCl eani ngfool s@reléstimatedfoldost [&t Teast [Oonelthi rd[of [&ffort [EAnd ]
expensesiihfhebudget[of Theldatalivarehouselivhil e[Dema97] enti onslthat fhi sihumber [dan]
ri sellip{o[B0%[of [theldevel opment{i melin@ldatalivarehouselproj ect.[lnmo97] Iinenti onsthat ]
thelEET L [processLtostsIb5% [ of [thelfotal [tostslof [tlatalwarehouseltuntime.[Btill,[duefolihel]
complexity@ndthellbnglearni ngldurveldf Theselfbol s, [hany[Grgani zati onsipref er fofurniblin-

houseldevel opmentfolperformET L [andLdatal ¢l eaningliasks. Infact, Wwhileldatalwarehouse]
expensesLareléxpectedfolcomellipio14Dbillionldollarshivorl dwide, [projected($al esforETL [
and(dataldl eaninglibol si@reléx pectediblri sefolonl y () 300l lionfdol lars. [T hus, it is@pparent [
thatfheldesi gn, [devel opment@nddepl oyment [0f (ET L [processes, hi chlisdurrentl y[performed
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inCanCad-hoc, CinChousel T ashion,CheedsCmodeling, Cdesi gnCandCimethodol ogi cal (f oundations. [
Unfortunately,@asiwelshal | showl(ihthelSequd , thelfesearchdommunityhas@lbt [0f ork foldo]
tol¢onfront[thisshortcoming.Intheltestof [Thelpaper, Wwellvill (hot[di scrimi natelbetweenlthel ]
tasks(of [ET L [and[DatalCl eani ngland@dopt theldamelET L for[Boththeselki ndsiaf [Activities.[]
InlFig.[1.10welabstractlyldescribelthelgeneral [frameworkfor [ET L [processes. [Iinlthelbottom(]
layer Weldepi ctltheldatalstoresthat(arelihvol vedlihheldveral | [process. [Onlthellkft[Si de, veldan(]
observeltheloriginal [tlatal providers.[Typically,[datal providerslarel el ational [Hatabases and(]
files.[Theldatalfrom(theselSourceslarelextracted((asishownlintheldpperleft(part(of (Fig.[1.1) by ]
extractionCtroutines,CwhichCprovidelkither Ccompl etelsnapshotsCor Cdifferenti al sCof (thedatal]
sources.[Then,[ihesel datal &rel propagatedtolthe Data BtaginglAreal (DSA) lhereltheyarel]
transformed@ndl¢l eanedbef orelbel nglloadedfoltheldatalivarehouse. [T heldatalwarehouselis]
depi ctedlindhelri ghtpart[of fheldatalstorelayer @ndcompri seslthelfarget[datalstores, l.e.,{a) [
factfabl esfor [fhelstorageldf [inf ormati on@ndL{b) [di mensi onfabl esiivi ththeldescri ptionlaf Thell
multidimensional ,[rol I-up(hi erarchi eslof [thelstoredfacts. (Eventual ly, [Thellbadi nglof [theldentral [

warehouselisiperformedfhroughlfhellloadi ngacti viti esidepi cteddnfhellipper Wi ght[part [of Thel]
figure.[J
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Fig.[1.10 helénvironment [of [Extr act-T r ansfor m-L oad [pr ocessesl

IN[]KRRT98] Conel tan[findCal detail ed tescriptionCof (thel differentCaspectsCof [theETL
process, [ihcluding: fheljobldefinitionof Thelprocess; [ me/event MasedScheduling; onitoring
(i.e.,[on-linelinformati onCabout[thelprogress/statusof [theprocess); [ogging{i.e.,Loff-line[]

information, CpresentedCat[(thellendCof [thelexecution); Cerror ChandlingCX(for Cincomi ng[Cdatal’]
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violatingléonsistencyldonstrai ntsior(bus nessliul es); [drashlfecovery@andstop/start[dapabilities]
(e.g.,[dommitti nglaltransacti onlevery flewrows) [@nd(mi scellaneousidther fleatures. [

In(ihi sipaper, ivelfocusloniheldonceptual [part[af [Theldefinitionlof (TheET L [process.[Morel]
specifically,welareldealinglwithlthelearli est[stagesiof [theldatalwarehouseldes gn.[Duringlthis]
period, theDatal varehousel designer[i s concernedDvithCiwol taskswhichlCare practically[]
executedlin(parallel.[T heffiirstlof [theselfaskslinvol vesitheldol | ectionlof[fequirementsfromithel]
partlof [fheluisers.[Thel$econdfask, Whi chlis[of [équal [importancelfor [ihelsuccess of [Theldlatal’]
warehousi ngproj ect, [invol vesihelanal ysi sfof(ihelstructurelandLcontent[of (Theléxi stingldatall
sour cesCandthei rC ntenti onal Cimappi ngCtoCthel lcommonCdatalCwar ehouselimodel . [(Rel ated
literature(JK RRT 98] Cand[personal [&xperiencel]V ass00] [suggest[that[theltlesignCof Can[ETL [
process@ msfowardsthelproductionlof [@ldrucial [deliverabl e: [thelmappi nglof thelattri butesiof [
theldatalSourcesliblthelattri butesiof theldatalwarehouselabl es.(]

Thelproducti on(df [thisldeliverabl elihvol vesiSeveral [interviewsthatfesul tihfhelfevision@nd]
redefiniti onCof Cori gi nal Classumpti onsCand Cimappi ngs; [thusCit (i sCi mperativethat Calsimpl e[
conceptual (inodel disCémpl oyedlinlorderfol{a) Hacilitatelfhe[smoothedefinition@ndfevision
effortsiand((b) [Servelasthelheans(of [Gommuni cationiwi thfhelfest [0f fhelihvol vedparties.[]

Welleli evelthat [Thelformal (inodel i ngLof [Thelstartinglconceptsiof [Aldatalwarehouseldesignl]
processihasnotheenladequatel y [deal t by Theliesearchléommunity. [T olfhi sénd, linfhi sipaper [
welJproposeJalJconceptual [Imodel Cif or CthisCtask, OwithOalJparticul ar Jf ocusClonC(a) Jtheld
i nterrel ati onshi pslof [@ttri butes@nddonceptsiandi(b) fhelnecessaryfransformationsthat [hieed o]
takelpl aceldluringtheloadi ngCof (thelvarehouse. [T heatter [partCsCdirectly Leapturedinihel
proposedimetamodel [as[ali rst[dl ass[diti zen; velémpl oy [fr ansfor mati onslaslalgeneri cliiermflor ]
theltestructuringCof [SchemalandVal ueslor for Ihelse ectionf@ndlévenihedransformationof O
data.CAttributelinterrel ationshipslareltapturedihroughCpr ovider [tel ationshi pslihatimap[tlatal]
provider CattributesCat [the[BourcesToltataltonsumersiinthelivarehouse.[A part[(fromthesel]
fundamental O rel ati onshi ps, [ theld proposed model s abl e[] tol captureld constrai ntsCl and]
transformation[éomposition,foo. [Duelfolthehaturelof [Theldes gnprocess, finthis[paper, fivel]

presentfhefeaturesof fhel¢onceptual (tnodel dinlalsSet [of [des gniSteps, ivhi chleadfofhebasi c[]
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target,li.e.,[thelattributelinterrel ationships. [T hesel$tepslconsti tutel thelimethodol ogy [ or [thel]
designidf [theldonceptual [Part(of [theldveral [ TET L [process.[]

Thelproposedimodel [is[¢haracteri zed by [different[instanti ation[and$peci ali zationdayers.[]
Thelgenericlinetamodel [that el proposelinvol veslal smal | [setlof [genericleonstructsihat [@rel]
powerful Cenoughltol capturel Al [tases.[Wel tall [thesel entities the[Metamodel (ayer[inCour[]
architecture.lMoreover,Welintroducelalgpeciali zati onltnechani smithat [ | owsltheldonstructionl]
of (& pal ette’ [of (frequentlylisedETL [activities[{e.g.,[fransformationsili kelfhel$urrogatelkey[]
transformationCor[checksTorChull [al ues,Cprimarykey[Violations,[&tc.).[T hisCset[Of (ETL-
specificltonstructs, Ctonstitute[a subset[of [the[largerCmetamodel Oayer, CwhichCiveltal | (thel]
Templatelllayer.[TheldonstructslinhelTempl atelayer [@reld solfheta-cl asses, Hutthey(drelquitel]
customi zedflor fthelregul ar [daseslof (ET L [processes. [All [Theléntiti esl{datalstores, [inter-attribute[]
mappings, [fransformations, [étc.) fhat [@ldesi gner Miseslinbisiparti cul ar [Scenari olarelinstances[of [
thelentitiesCinthelimetamodel Oayer.[For RhelcommonET L (Eransformations, theC&mpl oyed]
instancesldorrespondibfheléntiti esldf Thelfempl atelayer. D

Morelspecifically,Ourldontributionliesih: [
1.[Thelproposal Lof (A hovel Leonceptual Lmodel ivhi chlisL¢customi zedFor [iheliraci ngLof [inter-

attributelfel ationshi psCandtheltespectivel ET L Chactiviti esCin[theearl y[(stages bf Ca atal]

warehouselproject.]

2.[Thelgéonstructi onlaf fhelproposedinodel [in[a ¢ustomi zabl elandléxtens bl elinanner, Sofhat []
theldesigner[dan(énri chiit Withhi sidwn(fe-occurringpatternsifor ET L [Ectivities. [

3.0 helntroductionof Cal T pal ette’ Cof Callset[of (frequentl yCused CET L Cactivities, iketheld
assignment[of [Surrogatelkeys, Theldheck for [Mul | al ues, [étc. O
ThispaperlisCorganized[asTollows.[In[Section[2, (ive present[tel ated [ Work. [Section[B

presentsCitheJconceptua Omodel Cfor DET L Cprocesses. [l nCSection[4, Cwelddemonstratelthel

methodol ogy Uf or [theJusageof Cthellconceptual Omodel . ClnCSection5, Cwelintroducethel

i nstanti ation@ndthelSpeci ali zati onayersflor [thelfepresentati on[of [(ET L [processes. [Final ly, [ih[]

SectionBWeldoncludelour(results.[]
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2.[RelatedWor k@nd[Statelof ThelArtd

InCihisCsectionCivelwill Creview (el atedWork CinCthelfiel dsCof Ltonceptual Cmodelingfor [tlatal]
warehousingCendETL [CinCheneral.[For[ack[bf [(space, (el Tefer[thelinterested Teader(tol]
[VV S+01] for[@nlextendedIdi scussi onldf [thelissuesthat welDri ef |y [presentinfthisiSection.[]

Conceptual [imodel s for Cidatalwar ehouses. [T helJfront ClendCof [ thedatal warehouselThas[]
monopolizedithelfesearchiontheldonceptual [part(of ([datalWwarehouselthodeling. Ih(flact, [host[of []
thelork[onldonceptual [inodeli ng, [intheli el d[of [datalwarehousi ng, hasbeen(dedi catedfothel]
capturingCof [theltonceptual Ctharacteristi csCof [thelstar (schemal of [(thelwarehouselandtheld
subsequentdatal martsCandCaggregati ons{seel] Tsoi 01] For Al broader [t scussion).[Researchl]
effortsLeanbelgroupedlinfouriaj or [rends, [incl uding: [{a) [di mensi onal Cmodeling K imb97,[]
KRRT98],0(b)d(extensi onslJof) Ostandar dJE/ROmodelingd SBHD98,1CDL +98,(0CDL +99,
HuL Vv 00,[M oK 000, T rBC99] [{c) lUML CmodelingL] NgT W00, [T rPG00] Cand[{d) Csui-generisC]
model sI[ GoM R98,0GoRi 98, 1T soi01] OwithoutOallcl ear Owinner.OT helsupportersCof (thel
dimensional CmodelingCmethodCarguelthat[thelmodel (i sCcharacteri zedChy CitsCminimality,
understandability[{especialyby[thelénd-users) fandLitsldirect (mappi ngfollogi cal [tructures.[]
Thelsupportersiof (thelEE/REndUM L nethodsinodel sthaselthei r(argumentsion(thelpopul arity [
of [fheltespectivelinodel standfhel@vail abl el$emanti clioundati onsfor [the[wel | -f ormednesslof (1
datalwarehouseldonceptual [Schemata. [T helSui-generisihodel slarelémpoweredby [fhei rinovel ty [
and@daptati onlibfhelparti cul ariti esiof ThelOL A PSetting.(

Conceptual tnodel stior ETL. [T herelarefewattempts@aroundihel$pecificlprobl emof [hi s
paper, CalthoughCOveCarelhot Cawarelof Cany Cother CapproachthatCtoncretel y Cdeal sCvith[thel
specificsLoOf (ET L Cactiviti esfinCaAtonceptual [setting. (Weltan[mention[JBaFM 99] CasCalTirst]
attempt[tolclearly(separate thedatalwarehousel TefreshmentprocessC fromCits[traditional [
treatmentCas B view[mai ntenancelor [bul k[l oadingCprocess. [Still, [theoroposedimodel (i s
informal CandthefocuslisonCprovingthelcomplexity[of [(thel&ffort, [father (than[theformal [
modelinglof Ehelactiviti esfhemsel ves. [ICDL +98,[CDL +99] [ihtroduceheoti onldf ihtermodel [
assertions, [InCorder ol tapturelhelimappi ngsibetweeniheources andthe dlatalivarehouse.[
However,[@nyransf ormati onlislderef erencedfor fhellogi cal ihodel ivherel@ldoupl elof [genericl
operatorsiarelémpl oyed(iblperformlihisiiask. Iinfermsiaf industri al [Approaches, [thelhodel [that (]
stemsfrom{K RRT 98] voul dibel@n(informal [documentationldf theloveral | [ET L [process. [
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[Rel atedvor kKCoNCETL dogi cal CandCphysi cal Caspects.[Finally, Capartfromihelcommercial O
ETL [fools[JArde01,Data01,Micr01,ET101,0rac01] dhereldl solexistlesearchléffortslincl udingd
[GFSS00,['RaHe01,[M ong00,[ BoD SO0, RaHa00,[VV Qv J01,[VV S+01,[VaSS02,[ L WGG00] .[
Thelmhanagement(af [qualitylihidatalwarehouseslisldi scussediextensi vel y ih[[JJQV 99,[IL V'V 00,[]
JeQJosg).d

Welwoul dikelfolstressthat, [in(thi sCipaper, el dolhot[proposel@nother [process/workflowl]
model ; [Thus,[Weldolhotlintendoltover [thel¢compositelworkflowlof (ET L Cactivitiesorihel
popul ati onCof [(thelWwarehouse.[T here[areliwolbasi clteasonsor [thisCapproach.[First,[in(thel]
conceptual Jmodel (if or CitheJET L Ciprocess, Cithelf ocusUi sTonOdocumenting/formali zingCtheld
particul aritiesLof [Theldatal sourcesivith(fespectfoliheldatalwarehouseland[mot [in[providing[a]
technical [Sol uti on(fior thelimpl ementati on(af [thelprocess. [Secondly, thelEET L [donceptual [mhodel [
isCtonstructeddnthelkarl ystagesof (the[Hatalivarehouselroj ectCduringCwvhi ch, (thelXime
constrai ntsLaf fhelproj ectMequi relalgui ck[documentati onLof [fhelinvol vedidatalStoresandtheir ]
rel ati onshi ps, [ather fhan@nlin-depthldescri pti onldf [Aldomposi tellvorkfl ow ({iseel@ soSBecti onB ]
for(this).In(thisiSense, [Our@pproachlisicompl ementary [{olthelaf orementi oned(logi cal [inodel s,[]
sincelitlinvolvesCanlearlier[tagelof [theldesignCprocess.[(Weltefer[thelinterestedreadertol]
[V aSS02] for @lflormal hodel i nglaf [thi siworkfl ow, vhi chlisbeyondthelScopeldf [thisipaper.[]

3.[Conceptual M odel ]

Thelpurposelof [thi s[Secti onlisfopresenttheldonceptual [inodel [flor (EET L [Acti viti es.[Our[goal [is[]
tolSpecifylihelhighllevel,[Wiser-ori entedéntitiesiwhi chl@reltlisedfoldapturethelSemanti cslof [thel
ETL [process. [First, welwill [presentthelgraphi cal (notati onlandthelthetamodel [6f [our [proposal .[]
Then,velwill [detail [BndHormal ly[definelal | theléntiti eslof [theltnetamodel . [T hroughout@ll [thel]
section,welwill Celarifyhelintroducedtonceptsthroughlthei rCappli cationIolAlmotivating

exampl elfhatwill [Supportiheldiscussion.[
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concept attribute trion ><:> Note

ETL_constraint

activeldanditate \

C ><:§ <:>_<:> candidate, —I—> target

part(af prow der provider serial /
N:M composition can dl d e, ~ {XOR}

O

Fig.[3.1Notationffor [theldonceptual modelinglaf (ET L [Ectivitiesl

InlFig.[3.10velgraphically [depi ctfheldli fferent[éntiti eslof [Thelproposedinodel .[Weldohot[]
empl oy[standard[WM L Motati onflor[doncepts@ndlattri butes, for thels mpl elfeasonthat elneed
tolfreat(attri butes[as(i rst[dl asslditi zens[of [dur thodel . [T hus, Weldolmot [émbed(attri butesinthel]
definiti on[of [hei r[eéncompassinglentity, [l kefor [éxampl e, [2[ WM L [¢l asslor[a1el ational [Table.[]
Weliry(ibbeldrthogonal fbltheldonceptual (model siwhi chiarelavail abl elfior [thelhodel inglof [datal ]
warehouselStar[Schemata; [ihfact, [@ny [6f Thelproposal sifor fheldatalivarehouselfront[éndidanbel]
combinediWwith[dur@pproach, Mvhi chiikSpecifi callyfhail oredfor fTheack @nd(df fhelWarehouse. T

«metaclass»

1 cmetaclassy |y onmation PartOf

ETL_Constrain(

+atfributes 1

«metaclassh
Serial Composition

«metaclass»
Transformation
1 Hname

[+symbol 1

«metaclass»
Attribute
Hname

+content 1 +npyt +output

1| [ emetactassy | . 1 «metaclass»
Concept Candidate

+name
+schema +candidate

.
1| +arget cmetaclas;

|Active Cal ddt

Fig.[3.2T helpr oposedihetamodel [@sAUM L [diagram(

In[Fig.[3.20weldepictlthelbasi cléntiti eslof [thelproposedmetamodel AWM L [diagram.[AlI O
theldonstructslof [our[Gonceptual [model vhi ch@relintroducedlihihelfest [0f [thi siSection(ref er o]
thel@ntities6f (Fig.[3.2.0
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Databasell| Conceptd Attributes]
S0 S;. PARTSUPPO PKEY, OSUPPKEY, LQTY, OCOSTO
S S,. PARTSUPPO | PKEY, OSUPPKEY, CDEPARTMENT, [IDATE, OOQTY, [ICOSTL]|
DW DW PARTSUPPL | PKEY, OSUPPKEY, [DATE, 0QTY, 0OCOST

Fig.[3.3[T helSchemataldf ThelSour celdatabasesiand of Theldatalvar ehousel]

Tolmotivateltheldi scuss oniwelwill lihtroduceldnleéxampl elihvol vingBvolSourceldatabases(s, [1
and($,[aslwell [as[aldentral [datalwarehouselDw(T helavail abl eldonceptsifior [theseldatabasesiarel ]
listedlin(IFig.[B.3,[a onglwith(Thei r[attri butes.[T hel$cenariolinvol vesithelpropagati onlof [dlatal ]
froml(theldoncept[PARTSUPP[Of [Sourcels, [asiwel | [asfromtheldoncept [PART SUPPLGf [SourcelS, [Tl ]
theltataWarehouse. [T abl e[ bw PARTSUPPLStores Haily( DATE) [informationfor[thelavail ablel]
quantity( Qry) CandCtost( cosT) [of (parts( PKEY) [ber[Supplier( SUPPKEY) .[Welassumelthat[ihe[
firstSupplier[Is(European(@nd(thelSecondis[A merican,[thustheldatalcomi ngfromthelSsecond]
sourcefeedibbeldonvertedibEuropeanital uesi@ndformats. ]

Necessary providers:  on<
S1and S2 {Duration<4h}

Due to acccuracy
and small size
(< update window)

u

l

: P S2 PARTSUPP DW PARTSUPP

Annual
PartSupp’s [N

S1 PARTSUPP

0

SK PKey

-
Recent | {XOR}
PartSupp’s

PKey

SuppKey

American to _
$2¢ ﬁ e Dateﬁ Date = SysDate()
o

Fig.[3.4T heldiagr am[df Theldonceptual [hodel [for [dur [hotivatingéxamplel

InFig.[3.4Mveldepi ctthelfull fl edgedidi agramlaf [dur [thoti vati ngléxampl e. Ihfhelfest [6f ThisC]

section,Welwill [@xplai n[éachipart(0f [it.[]
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3.10Concepts@ndlAttributes]

Attributes.[A [granul arCnodul eLof Cinformation. [T heltol eCof [attri butesCisihelsamelaslinihel]
standardER/dimensional [inodel s.[A slin[$tandard[EER[todel ing, [attri buteslarel dlepi ctedvith[]
oval [Shapes.

Concepts.[AldonceptrepresentsianientityinlthelSourceldatabases orlinltheldatalwarehouse.[]
Conceptlihstanceslarelthelfil eslinlthelSourceldatabases, [theldatalwarehouselfact[and(di mensi on[]
tablesfand[solon. [A [eonceptlisformal ly [defi nedby @Ahame@ndladi nitel$et [of [Ettri butes. N
termslof (thelER[odel ,[alconceptlislalgenerali zati onlof [éntiti esland(rel ati onshi ps; [depending[]
on(thelémpl oyedmodel [{di mensi onal model [r[ERéxtensi on) [@ | [éntiti esidomposed(of [AlSet [6f (1
attributesiareldenerallylihstancesiof [dl assidoncept .

AslmhentionedihV QV J01],veldan(reat(Several [physi cal [Storagelstructuresias(i nitelli stsiaf [
fields, [including(de ati onal [databases, [COBOL [or[Simpl elA SCI | il es, [inul ti di mensi onal [dubes’]
andCdimensions.[Conceptslarel T ullyCtapabl eCof CmodelingthisCkindCof [structures, [possibly[]
throughlaldeneralizati on[{l SA) [mechani sm. L et [lisfiake[OL A P&tructuresiasi@néxample.(Well
shouldChotelthat[thelinterdependenci eslof (level standval ues, (vhi chCarelfhelcorelof (Al Ehel]
approachesmenti onedlin[Section[2,@relhottel evantdor heltaselof (ET L ; hus,[émploying
simplyCtonceptslisCsufficientFor[the[problemCof CETL Cmodeling. [5till, (ivetantefinelthel]
genericlIoncept [Btructuretolsubclassespertai ning[tothecharacteristi csCof Cany [of (thel]
af orementionedCapproaches{e.g., tlasses[Fact O Tabl eCAndCbi nensi on),CachievingthusCa]
homogeneousiway [fblfreat[OL A PEndET L [fhodeling. [

Infourmnotivati ngléxampl eldnel¢anlobservelseveral [¢oncepts.[T heldonceptsi$i. PARTSUPP,[]
S2. PARTSUPPJand[Ibw PARTSUPPlarelJdepi cted[in[IFig.[13.4.,0Jal ongCwithCtheir Crespectiveld

attributes.O

3.20Transfor mations,[ConstraintsiandMotes]

Transfor mations.nCour@ramework, [Eransf ormati onslare@bstracti onslthat [fepresent (harts, [br]
full hodul eslof [dode, [éxecutingalsi ngl elfask. [Twollargeldategori eslof fransf ormationslincludel
(a)[ilteringlor [datal ¢l eani ngloperati ons, i kehelcheck Hor [primary Lor forei gnkeyViol ations
andO(b) Ctransformati onCloperati ons, OduringCwhi chCtheJschemalClof Citheli ncomi ngCldatal i sCI
transformed({e.g.,[aggregation).[Formal ly, [airansf ormati onlis dlefi ned by [{a) (A fi nite[$et[bf (]
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i nputCattri butes; [{b) Cafinitelset Cof Coutput Cattri butesCand ¢) Calsymbol Cthat Cgraphi cally O
characterizes[thelhaturelof (helfransf ormation.[A dransformati onLisCgraphi cal | y [dlepi cted(as[a]
hexagonlibggediwithltsldorresponding(Symbol.[]

Infourlotivati ngléxampl elof [ g.[3.4,[dnelcanldbserveleveral [fransformations.[INotelthel]
ones[pertinentfolthelmappinglof ($1. PARTSUPPIDDW PARTSUPP.[ONneldan[observel@surrogate]
key[assignmentiransformationl(sK), @functionl@ppli cati onldal cul atingthelSystemldatel{f ) [@nd[]
a Not[Null [{NN) Ceheck [TorCattributel tost .[WelWill Cél aboratelimorelbnlthe functionality Lof []
transformationsidncelprovider [fel ati onshi psi(that [@ctual ly[@émpl oy them) [@relihtroduced.[]

ETL[Constraints.[Therelarelseveral [occasi onsivhenltheldes gner ivantsfoléxpressiihefact[]
that[theldatalof [aldertai n[donceptfulfill [Several hequirements. [For [@éxampl e, [theldesi gner i ght[]
wish[@olimposel &l primarylkeylor[hul | [valueltonstraintLover (&l {set[of) [attribute(s).[Thislis[]
achievedithrough(ihelapplicationlof (ET L [donstrai nts, hivhi chl@redormal ly [dlefi ned@s(fol lows: [
(a)OalIfinitelIset Cof Cattri butes, Cover Owhi chCtheconstrai nt (i sCimposedCand 0(b) dallsingl el
transformation, vhi chimpl ementsiheleénf orcement [of (hel¢onstrai nt. INote, (Bhat [dlespiteihel]
similaritylinthelname, [ET L [Gonstrai ntsi@reldi ff erentfnodel i nglél ementsfromithelwvel | known(]
UML [eonstraints.[ANCET L [éonstrai nt[is{graphically [depi cted[as Al $et[of [$oli dlédgesstarting[]
from(ihelinvol vedattributesCandiargeti nglthefacilitator [iransformation. dnCourCotivating]
example,CobservelthatlwelapplyBlPr i mar yOKey [ETL Ctonstraintiobw PARTSUPPLTorthel]
attributesiBkey,[SuppKey,Dat e.[

Notes.[Exactly@slihllUM L modeling, noteslarelihf ormal [fagslibldaptureléxtraldommentslihat[]
theldesi gner Wi shesliblfakelduri ngfheldesi gniphaseldr [fender WM L [donstrai ntslattachedfoE@n]
element[or [Set[0f (&l ementsi] .[ASINUM L ,hotes(@reldepi cted@srectangl esiwi th[@dog-eared
corner.Ihidurframework, Aotesaretsedor: ]

—[Bimpleldommentsléxpl ai ningldesi gnldecisions.[

—[Explanationsaf thelSemanti cslaf thel@ppliedfransformations. [For [@éxampl e, intheldaselof [

rel ati onal [3el ecti ong/j oi nslihi stinvol ves(thel$pecifi cati onLof [theliespectivelsel ection/join(]
condition, hereaslinhel¢aselof Huncti onslihi siivoul dlinvol veldhel$pecificationof hed

function(Signatures.rJ
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—[Mracinglof [funti meldonstrai ntslthat [fangeldver [di fferent[@spectslof thelEET L [process, [Suchl]
as(thelfi me/eventbasedscheduling,[fnonitoring,Togging, [error (handling,[¢rashlfecovery ]
etc.U

Forlexampl e, lihlthelupper [part(af [Fi g. [(Bweldanldbserveldlrunti meldonstrai nt(Specifyinglthat[]

theloveral | Léxecution(di mefor[Thellloadinglof (DW PART SUPPL{that[invol vesihelloadinglof (]

S1. PARTSUPPIandi$2. PART SUPP)dannotibkellbngerthani4hours.[]

3.30Part-Of[@and[CandidatelRel ationships]

[Part-of[Rel ationshi ps.[Welbringluplpart-of el ati onshi pslinlor der [folémphasi zeltheflact [that (& ]
conceptlisicomposedlof (A $et[of [attri butes. [(In[general ,[$tandard[EERModelingldoeshot[Treat]
thislkindLof [iel ati onshi pLasialfirst-classl titizen[of [Thelmodel ; (UM L [inodelingConthelother [
hand, Chidesl&ttri buteslinsi deltl assesCand[ireats part-of [tel ationshipsiwithCalmuchCbroader [
meani ng.(Weldolmotwi shifioliedefinellUM L [part-of [fel ati onshi ps, ut [father [folémphasi zelthe
rel ati onshi pLof [@Lconcept i thlits@ttri butesl{sincelveheed @ttri buteslasirst[dl ass(diti zensin[]
theldinter-attributeldmappings).[INatural ly, Owelldonot Cprecl udeCthelusagelof CtheCpart-of [
rel ati onshi pf or Cother Cpurposes, JasCi nCstandard UM L Omodel i ng. A sCusual ly, CalCJpart-of [
rel ati onshi plisldenoted By [@nlédgeiwith@smal | [diamond(@tfthelsi deldf theldontai ner [Obj ect. [

CandidatelJrel ationships.OInOthelcaselof Udatal Jwarehousi ng, Uit i s mostcommonUal]
phenomenon, [éspeciallylinheléarl y [$Stageslof (Bhelproj ect, [Holhavelnorefhanfoneltandi date]
sourcelfiil es/tabl eslthat[doul dpopul ate[@Target, [datalwarehouselabl e.[Thus, [@Set [0f [Candi datel]
rel ati onshi psidapturesitheflact fhat [Aldertai n[datailvarehouseldonceptdanBelpopul atedBy horel]
thanloneldandi datelSourceldoncepts. [Formal ly, [@ldandidatelel ati onshi pléompri ses{a) [ESi nglel]
candidatel¢oncept@nd{b)ALSi ngl efiar get[@oncept. [Candi datelfel ati onshi psi@reldepi ctedivith]
bol dCdlottedi neslbetweenhel¢andi datesland@hearget[¢oncepts. (Whenever [éxactly fonelof [
them(dan(Belsel ected, WelannotatelihelSet[0f [Gandi datelrel ati onshi pslior thelSameldoncept iwi th(]
aAlUML xR} [@onstraint.[]

Activeldandi datelfiel ati onshi ps.[An[acti veldandi datelre ati onshi pldenotesthefact that [Out [6f (1
al$et[of [candi dates, [ ¢ertai nfone has been($el ectedor [thelpopul ati onlof [thelfiarget[concept. [
Thus, [@nlactiveltandi datelriel ati onshi plilsia speci ali zati on[of [¢andi dateltel ati onships, (Withthel
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samelstructureCandLrefinedCsemanti cs. (WeldenotelanCacti veltandidatel el ationshi pCvith[a

directedBbol dldotted(@rrowfromithelproviderfbowardsthefarget(doncept.[]

Forthelpurposelof [ourmotivatingléxampl e, Tkt [Wisi@ssumelthat [Sourcels, [(haslmorefhan(onel]
production(systems({e.g.,[COBOL [{iles), whi chl@rel¢andi dateslior[$2. PARTSUPP.[A ssumelthat []
thel@dvail abl eldandi dates{depi ctedlihthellEft[Mpper [Part(of ([Fig.[3.4) [Ere: [

—[ALCeonceptCAnnual Part Supp’ s [{practicallyrepresentingCafilelF1),XhatCtontai nstheFul |
annual [hi story[@bout[part[Suppliers; [itlis[usedbasi cal ly [flor [feporting[purposesiandidontai ns[]
alSuperset(df [fi el dslthantheldnesriequi red(for thelpurposelof [theldatalwarehouse. []

—[AldonceptRecent Par t Supp’ s [{practically[fepresentinglalfil elE2),[contai ninglonly theldatal’]
of thellastmonth; [it[Wisedon-li neDy [eénd-usersifior (Thelihserti on[or [Wpdateldf [datalasiwvel | [@s[]
forCsomelreportingCapplications.[TTheldiagram&l solshows that[Recent Par t Supp’ s[Wasl]
eventually[Sel ected@sthelacti veldandidate; [@Roteldapturesitheldetail saf [thi sldesignlchoice. [

3.40Provider [Relationshipsland[Ser ial [Compositionof T ransfor mations]

Provider [fel ati onshi ps.[A [provi der [fel ati onshi plfhaps(@lSet [6f ihput Ettri butesiblaSet [0f [Gutput [
attributes[ihroughlaLtel evantiransformation.Inthelsimple1: 1[tase,[providerielationships
capturelfheact fhat[@nlinput Ettri butelinfhelsourcelsi delpopul ates@nout putEttri butelinfhel]
datalwarehousellsi de. I f Ctheattri butesCareCdsemanti cal l yClandOphysi cal ly COcompati bl e, Cno
transformati onlisCiequired. df (hi siisihotEhel¢ase@hough, ivelpassithi stimappi ngEhroughheld
appropriatefransformationl((e.g., [EuropeaniblA meri canldatalflormat, (Mot mul | [Gheck, [étc.). [

InCgeneral,Lit[isCpossiblelthat[$omelform[of [schemaltestructuringliakesplace;thus,[thel]
formal [definiti on[of [provi der [fel ati onshi psiéompri sesi{a) (A nitelSet [of [Input[@ttri butes; [{b) &
finite[$etCof Coutput@ttri butes; [{c) CanCappropriateliransformationl{i.e.,[onelWhoselinputAnd]
output@ttri butesidanbelappedonefolonefoihelfespectivelattri butesiof Thelrel ationship) . InC
theltase[bf CN: M_Tel ationshi ps_the‘graphi cal Crepresentati onbbscures thellinkagebetween(]
provider[and(Barget(attri butes.[T ol[éompensatelfor (thi sishortcoming, ivel@nnotatelthelli nk [of (A
provider (el ati onshi p[vithCeachCof (theldnvol vedCattri butesCvith[atag, [sothat (therelisChol]
disambiguity forfhel@ctual [provider [0f [@farget @ttribute. [

In(theld: 1[¢ase, @ providerie ationshiplisidepi ctedwith@[ ol i dbol didirected@rrowHrom]
thelnputGowardsihelbutputAttribute, Haggedviththelparti ci patingliransf ormation.(dnihe
general [N: M_tase,[al provider[telationshiplisgraphically[depictedasCal et of [solidCarrowsl]
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startingdromhelproviderslanddargetingihel[tonsumers, @l | (passi ngihroughlthefacilitator]

transformation.]

Finally,[welshoul d(al solmenti on[al Sy ntacti c[sugar [add-onlof [our [inodel . [Tt[¢anbeltheldasel]
wherelal tertain[provider[telationshiplinvolveslall [thel &ttributesl of (&l setl of [toncepts.[For(]
exampl e, [in[ihel taselof (A tel ational ClinionLoperation, (&l | (Ehelattri buteslof (thelinput(andihel]
outputleonceptsiivoul dpartici patelinihelfransformation.[ T ol &voi dloverl oadingliheldiagram]
withfoolmany el ati onshi ps, welémpl oy [y ntacti c[sugar (hotati on[mappi ngfhelinput[Hothel]
outputldonceptsl{linsteadof [attri butes). [T hi sidan(al solbelir eated@s@zoomlin/out[dperationlon(]
theldliagram(per[3e: [@t[Thel¢oarselevel ,Lonly[conceptsiareldepi cted@ndlanloverviewof [Hhell
model [isCgiven; Cat[theldetail edevel ,[thelinter-conceptie ationshi psCare[expandedtolthel]
respectivelihter-attributelrd ati onshi ps, [presenti ngtheldesi gnerWith@l  fhel@vail abl eldetail . (]

L etCusCexaminelhow, [theltel ationshi plbetweenthel&ttri butes[of (toncepts[$1. PARTSUPP,O
S2. PARTSUPPLANdbw PARTSUPP, s tepictedlin[Fig.[B.4.[For[tarters, (Wwelil | Cignorelthel
aggregati onthat [takespl ace T or (thelrowsof Csourceds2 Candf ocusConCthelJel ementary O
transformations.[

—[AttributelPkey [ikdi rectly[popul atedfromlitsthomonymouslattributelin[$1 [@nd$2, fhroughld’l
surrogatelkey[{sK)iransformation.[Burrogatel K eyl&ssignmentlisLcommon(iacti cshin[tlatal]
warehousing,CemployedCinLorder[toleplace thekeysl of [the[production[ystemsvith[&]
uniformCkey*.[ForCexample,[tCtoul dCbelthe tase that[thepart[I st eer i ng0 Wheel ’ Chas(]
PKEY=30[for[source[51,[PKEY=40For[Source[52,0Wwhilelat[the[sameltimelsourcel$2 [has[]
PKEY=30or[partC]Aut onobi | eODoor '.[T hesel¢onflictslcan[beléasi |y esol vedby @lgl obal O
replacementhechani smithroughfhe@ssignment[df [ELniformSurrogatelRey.

—[AttributelSuppKey [i5[popul ated fromthelhiomonymouslattri buteslinthelSources. [

—[Attributelbat edsCtirectly[popul atedFromitsCchomonymouslattri butelin[s2,throughCand
Arer i can- To- Eur opean[Dat e[dransformati onunction.[AtIhe$ameli me, Bheldlateor Fhell
rowstomingfromsourcel 1,0 sCdeterminedthroughtheapplication[of CA Bysdat e() [

functionJ(sinceJs1. PARTSUPPLdoesInotChavelallcorrespondingClattribute). [JObservetheld

!Mnlgeneral ,thelbasi cfeasonslfior [ASurrogatelkey[fransformati on@relbothperformancel@ndSemanti cliomogeneity. [
Textual [@ttri buteslarelnotthebest[¢andi datesflor [indexedkeyslandfhusheed o belfepl acedbyinteger (Keys.[At(]
thel$amelfi me, [dli fferent(producti on(Systemsimi ght iseldli fferent (keysfor [Thel$amelobj ect, [or(Ethe[SamekeyHor (]
different(@bjects, (fesultinglihthelieed for [Ag| obal [fepl acement (0f Theselal uesihfheldatalwarehouse.
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functionlappliedfior [thelowslcomi ngfromsourcel$1: (it Wiseslaslinputlal | (Thelattri butesiof [

S1. PARTSUPPI({linlorder [foldeterminelthat[thelproducedval uelislalnew attri butelof [theldow), []

passeslthroughl@functi on@pplicati onlfransformati onldal cul ati nglthelsystemldate, which, [ih(]

turns, lisdirected(ibl&ttri buteldw Dat e.[]

—[Attributel &y y lis directly[popul atedfromlitsihomonymousl&ttri buteslin[theltwol $ources,[]
withouttheeedfor@nyfransformation.

—[AttributelCost [Is[popul atedromitsfhiomonymous@ttri buteslinthefwolsources.[Asfar [as[]
sourcel52[is toncerned,(Welheed[&[$2€transformationlinlCorder[tolonvert[the tost[tol]
EuropeanVal ues.[Asar[as[$ourcel$1 [sL¢oncerned, livelapply[@Not [ul I [{NN) [&heck, (ol
avoi diIbadi ngltheldatalwar ehouselWi thlfowshavinglioldost for their(parts.[]

Notelal solfhat[hereltanbelinput&ttributes,dikefor[&xamplel$2. PARTSUPP. Depar t ment ,[]
whichl@relignorediduringfheET L [process.[

TransformationOSerial IComposition. [ t[l sCpossi bl e[that Dwelineedtollcombine[Jseveral [
transformationsCin[a& nglelprovider (el ationshi p. [For Cexampl e, veloul dCpossi bl ydikeltold]
grouplincomi ngldatalwithMespectfolaSet[of [&ttri butes, (havi nglénsured@tEhelSamelfi melfhat [
nomull wal uesarelihvol vediihithi sloperati on. Ihthi sidase, velWoul difieedfoperf orm@mot [hul | (]
check[@or[éachlof [Thelzttri butesland[propagatelonly[Thel¢orrect[fowsfolthelaggregation.In]
orderfolmodel [thi s[Setti ng, iveleémpl oy [@&lSer i al [ompositi on[of [Thelinvol vedir ansfor mations. [
Thelproblembvoul dibelfhelfequi rement(that [afransformati onhas[a Set [of [&ttri buteslaslinputs]
andattributes; thus, (OsimplyClconnecti ngCtwoCtransf ormati onsCwoul dCbelinconsi stent. T o]
compensatelthi sCshortcoming, ivelempl oy [l $erial [ransformation[tomposition. dFormally, [
serial (ransformati onC¢éomposition[éomprises({{a) (AL ngl eliniti atingransf ormation@nd{b) (]
single[Bubsequentransformation. [Berial (ransf ormati onCeompositi onsCareldepi ctedasCsolid]
bol diIi nesl@onnecti ngfhefivolihvol vedransf ormations.

A [Mather[dompl ex[part[af [thelthotivati ngléxampl elisthelaggregati onlthat [fakeslpl acelflor [thel]
rowsLof [Sourcel$2.[Practically,[Sourcel$2 [daptureslinformationfor [part [Suppliersiaccording ol
thelparti cul ar[department[af thelSupplier@rgani zati on. [l oadi nglthi sldatalfbiheldatalwarehousel]
thatfgnores(thi sikindlof [detai | Mequi resfhelaggregati onlof [dataper [PKey ,[SuppKey, Dat e@ndO]
the[summationlof [Cost [AndLex y.[T hislis[performediromihelaggregati onliransformationly.[]
Still, @l Thelaf orementionedlé ementary@ransformati ons@relhot [ignoredor (hani shed; [onhe
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contrary,[theyCarellinked[tolthe[aggregati onltransformati onthroughltheappropriatelserial [
compositionrel ationshi ps. N otel@ solthelfagsionthelout putof The@ggregati onlfransformation,
determining] their( providersC] (e.g.,[] S2. PARTSUPP. PKey [ for(]l DW PARTSUPP. PKey [ and[]

SUM S2. PARTSUPP. @t y] [flor[Dw PARTSUPP. Q@ y).UJ

4.IM ethodol ogy(for [fthellsageldf fheldonceptual [hodel [T

I n[Bhi sC$ection, Bivelwil [ vel@nloverview[of [Thelassumedisequencelof [Stepsihat (A dles gner [
follows, [duringfheldonstructi onlof [theldatalWarehouse. [Each(Steplaf [thi siihethodol ogy Wil | el
presented(in(ferms{of [our [motivati ngléxampl e.[A s[al ready [thenti oned, [theldl ti mateldoal [of [thi s[]
designiprocessliklthelproduction(of inter-attri butelhappi ngs,[dl ongwithlany el evant[@uxiliary [
information.l

Sepll: didentificati onlofThelproper [datalstor es.[Thefirstthi ngfhat[@ldes gner facesiduring]
theltequi rementsCandCanal ysi speri odlof [Iheldatalivarehouselprocesslisihelidentificationlof
rel ati veltlata $ources.[A ssumelihat For[aparti cul ar(bubset [of (theldatalWarehouse, velhavel]
identifiedthetoncept (bwPARTSUPPLWhi chi sCa Tact[tabl e[of ChowpartsCivherel tistributed
accordingOtoOtheir Orespectivelsuppliers.JAssumellal soCthat OweOhavedeci dedCthat Cif or [
compl etenessireasons, WeheedIblpopul atefhelfarget fabl elwi thidatafrombothlSources(s, [And ]
S,,0.e.,0velheedthelLini onCof Rheldatal bf [theseiwolsources. DT hen, theldtiagramForthel]

identifiedldatalSources@nd(theirlinterrel ationshi pslisidepi ctedlih(Fig.[4.1a.(m

Dueltblacccuracy
andiSmallsize
(<[Wpdatefwindow)

S1.PartSupp

DW.PartSupp

S1.PartSupp
DW.PartSupp Annual
PartSupp’s N
S2.PartSupp

y - /E] S2.PartSupp
ecessarylproviaers: Recent
L “{XOR
SiEnds2 PartSupp’s {XOR}

(@0 (bt
Fig.[4.1[(a) Identification[of Thelpr oper [datalstor es; [(b) [Candidatesland@ctiveldandidat es]

Necessary[providers:
Sli@nd$2

for [thelmotivatingléxamplel
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Sep2: [ICandidatesJandCacti vellcandi datesfor Cthellinvol ved CdatalIstor es.[JA sCal ready [
menti onedbef ore, [duri nglihelfequirementsiand@nalysi sistage, [theldes gner[¢anlpossi bl y i nd[]
out(that(rhorefhanloneldatalstoresicoul dbeldandidatesbpopul atel@certai nidoncept.[Thelay [
theltleci sionlisiakenlisCbuts delthelscopelof [thi sCpaper{althoughCourCpersonal Céxperiencell
suggestsithat, [at Teastthelsi ze, [theldataldual ity [andthelavail ability[of [thelSourceslpl ay[almhaj or[]
rol elin(ihi ski ndof [dieci sion). (For [The[purposelof [dur [inotivati ngléxampl e, et [Uislassumelfhat [
sourcelS, [hasimorefhanonelproducti onlSystems({e.g.,[COBOL {fil es), vhichl@reldandi dates(flor ]
concept[32.PARTSUPP.[Assumelthat [thelavail abl e[Sourceslare: [

—[ALCeonceptCAnnual Part Supp’ s [{practicallyrepresentingCafilelF1),hatC[tontai nstheFul | (]
annual [hi story[@bout[part[Suppliers; [itlis[uisedbasi cal ly [flor [feporting[purposesiandidontai ns]
alSuperset(df i el dslthantheldnesriequi redfor Thelpurposelof fheldataivarehouse. [

—[AldonceptRecent Par t Supp’ s [{practicallyepresentinglalfil ef2),[dontai ninglonly Theldatall
of Thellastmonth; [it[Wisedon-lineby [eénd-usersifior fthelihserti on[or [Wpdateldf [datalasiwvel | [@s[]
for[Somelfeporting@pplications.

Thelandidate[conceptsTor[concept[152.Par t SuppOandthel{eventuallysel ected) Cactivell
candidate[Recent Par t Supp’ s,[AlongCvith[theltracingCof (theltecisi onfor[thelthoice,Carel]
depictedinlFig.[4.1b.0]

Clearly,[oncel@dlecisionfonThelacti veld¢andi datelhasbeenieached, (A& mplifiedOworking
copy’ [of [thelScenariolthat[&li minates(al | [bther [¢andi dates[dan(al sobelproduced.[A sshownlin
Fig.4.2,[fherelarefwolivaysiolachi evelthi si{a) byignoringal | Fhelinf ormati on[dn[tandi dates]

forthelfargetidoncept@nd((b) By [fepl aci ngtheltarget withthelactiveldandidate. [

EX=TN EX=TN
N ™~
[Comas ] [Comms " e
- o) ) - Ge) )[e
TN T
1l
a0 (b)O

Fig.[4.2[Wor king[¢opy{ransfor mation[{a)ignoringl¢andidates; [(b) i epl acelfar getsiwith [

activeldandidates.(]
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SepCB: [Attri butelimappi ngbetweenhelpr ovider standtheltonsumer s.[ T helimost [dlifficult ]
task[of [ thel tatal Warehousel desi gner[is tol determinelthelmappi ngLof [thel &ttributes of [thel]
sourceslfoltheloneslof [Theldatalwarehouse. [T hisiasklinvol ves $everal [dli scussi onsithihel]
sourcel@dmini stratorsiolexpl ai nfhel¢odesandimpli cit[ful esCor al ues, iivhi ch@relhi ddenlinC]
theldataland(thelsourcelprograms.[M oreover, [itlinvol vesduitelafewIdatal preview’ [@ttempts]
(infheflormlaf [Sampling,[or(Simpl eldounti nglqueri es) [bldi scover [fhelpossi bl elprobl emslof thel]
providedidata.[INaturally,[Thi s[processlilslinteractivelandlérror-prone. [T helsupportthat[a ool []
canlprovidelfheldesi gnerwith, Ti eslmai nly[in[thelarealdf lihter-attri butelhappi ng, Withflocusion]
theltraci nglof [ftransf ormati onlandI(dl eani ngldperati ons{for [thisihapping.]

Forléachlfarget(attribute, [ Setlof (provider el ationshi psitustbeldefi ned.[In[$i mpl e[¢ases, ]
thelprovider [rel ati onshi pslareldefinedldirectly[@monglSourcel@andlfarget [@ttri butes. Thifheldases ]
whereJalltransformationisCrequired, Dwe passCtheldmappingOthroughOthedappropriatel]
transformation. h(theldasesiwherelthorelfhan@nelfransformati ons@relriequired, Meldanlihsert @]
sequencelof dransformati onsbetweenhelinvol ved@ttributes, [l | i nked@hroughéomposition]
relati onshi ps.[EET L [donstrai ntsi@rel@l solSpeci fiedlih(thi spart(6f Theldesi gnprocess. [Anéxampl e[
of [inter-attri buteldel ati onshi por fheldoncepts$1. Par t Supp,[$2. Par t Supp@ndDw Par t Supp,]

isldepictedlin(Fig.[4.3.00

S2.PARTSUPP DW PARTSUPP @ SI.PARTSUPP

= , oA
‘
D

SuppKey -t SuppKey

M,
o o
OS[

Qty

Cost

) AN
$2€ ﬁ American to ﬁ Date = SysDate()

European Date

Fig.[4.3[Attributelmapping(for fhelpopulation(df Mecor dset [Dw Par t Supp(d
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Sepld: [Annotati ngtheldiagramiwithfunti meldonstr ai nts.[A part for Theljobdefinitionfor@n]
ETL Uscenario, (whichlspecifiesChow [ thelmappingfromsources tol the tatal Warehousel1s[]
performed, [@ onglwiththelappropriateiransformations, [fherelarelSeveral [dther [parametersithat ]
possi bly fheedfiolbel$pecifiedHor Bhelfunti melénvironment. [T hi stkindLof (iunti mel¢onstr ai nts]
include: I

- O Time/Eventasedscheduling.[T heldesi gnerfieeds(oldeterminelthefrequency[of [the[]
ETL Oprocess,Jsolthat[datal JarelfreshUJandCthelJoveral | OprocessCfitsCiwithinCtheld
refreshment i melwindow.]

- [ Monitoring.CJOn-linelinformati onOaboutthe[progress/statusof LtheJprocesslis]
necessary, [Solthat[theladmini strator [danbelawarelof what [Steplthellbadliklon, (itsistart[]
time,[duration,[etc.[Fileldumps,notificationlhessagesion(theldonsol e, [@-mail , [printed]
pages, [0r Wi sual [demonstrati onldanbelémpl oyedfor thisipurpose.[]

- 0 Logging.[Off-linelinformation, (presented(at[thelénd(of (theléxecuti on[of [thelScenario, [
ontheCoutcomelbf thelbverall Cprocess. DAl (thelrel evantCinformatione.g.,(theld
previousiiraci ng(stuff) ikshown, By émpl oyi ngthelaf orementionedifiechniques. I

- 0 Exceptionthandling.[T hellow-wiselfreatment[of [database/busi nessiul eslviol ationfis[]
necessary flor Ehelproper functi onlof EheET L [process.dnf ormati oni kelivhi chows]
areJproblemati ¢, CorChowCimany CrowsareCacceptabl e acceptancelTate, (that[ds), [
characterizeslthi slaspect[0f ThelET L [process.

- O ErrorOnhandling.C0CrashrecoveryCandOstop/startCcapabilitiesCi(e.g., dcommittingCal]
transactionCevery[fewltows) Care[absol utely Checessary [for[thelfobustnessCandlthel]
efficiency(of thelprocess.[]

Tolcapturel Al thisCinformati on, Cweladopt[hotes, [taggedtol thelappropriatelconcepts,[]

transformati onsLor [Kel ati onshi ps. dIN[Fi g.[4.40veldepi ctfheldi agramlof (Fig.[4.2b, [@nnotated]
with[& runtimelconstrai ntCspecifyingthat[theloveral | Cexecutiontimelfor[thedoadinglof [
DW PARTSUPPL{that[involvesihedoadinglof [($1. PARTSUPPLBANALS2. PARTSUPP) [Eannotiakel]

longer than@(hours. T
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DuelbEcccuracy

andiSmallSize {Duration<4h}

(<Updateiwindow)

S1.PartSupp 7
Annual
PartSupp's [~ ><E>_> DW.PartSupp

E P 4 S2.PartSupp
Recent 7 i
e v~ {XOR} Necessary[providers:
artSupp’s S1@ENdS2
0

Fig.[4.40Annotationlof (Fig.[4.2(b)With[donstr aintslonfheluntimeléxecution[of TheETL O

scenariold

5.0nstantiation[@and[S$pecialization(Ll ayer s

Welbelievelthatthelkeylissuelinfheldonceptual [fepresentation[of [(ET L [&cti viti eslli es[(a) [Onthel]
identification[of [ASmal | [Set[0f [denericldonstr uctsthat [@relpowerful [Enoughibldapturelal | [dasesl]
and({b) [On@n[extens bility hechani smiihat(al | owsltheldonstructi onlaf [Apal ette’ [6f fr equently
usedfypes((e.qg.,fordatalStores@ndactivities).[]

‘ Concept ‘ ‘ Attribute ‘ ‘ Transformation ‘ ‘ ETL_Constraint ‘ ‘ Relationship ‘

Metamodef
Layer

Fact Table

IsA

Candidate

Tempiate
Layer

InstanceOf

8K

$2PartSupp DW.PartSupp

YYyYVvYY

Schema

Layer D
Fig.[3.1T helframewor k for Thelhodel ingldaf ET L [ActivitiesO

Ournetamodeling@rameworkisldepi ctedinFig.[5.1. [T hellower Mayer [of [Fig.[5.1, hamel y
Schemallayer,[nvolvesCalspecificlET L [dcenario.[All EhelentitiesCof (thelSchemallayer Carel]
instancesof OtheldclassesIconcept ,[JAt t ri but e,[0Tr ansf or mat i on,[JETLConst r ai nt Cand
Rel at i onshi p.[Thus,[asloneldan(Seelonthellipper (part(of (Fig.[5.1, Wvelintroducelalmeta-class[]
layer,[hamely[IMetamodel [ILayer [invol vi ng[fhel@f orementi oned(¢l asses. [T hellinkagelbetween
the[M etamodel Candthe[SchemallayerslisCachievedthroughlinstantiation[{*i nst anceOf ")

rel ati onshi ps.[T helM etamodel (iayer [impl ementslihel&f orementi onedgienericity Ldlesi deratum: [
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theffii veldl asseshivhi chl@relinvol vedlintheV etamodel Tayer [@relgeneri clénoughfolinodel [@ny ]
ETL [Scenario,fthroughlihel@ppropriatelihstantiation. [T

Still,iveldanldolbetter[thanlthelsi mpl elprovisi onlof [almeta-[and[@nlinstancellayer.[In[order ]
tolrnakelour (metamodel [frul y[Wisef ul or [practi cal [daseslof [T L [processes, wvelenrichlitiwvith(al ]
set[of CET L-specificltonstructs, (whichl tonstitutel &l subset[ of [ thellargermetamodel ayer,[]
namely[ihelTemplatellLayer.[Thel¢onstructslin[the Templatelllayer[areldl solneta-classes, but[]
they[@relquitelcustomizeddor Theltegul ar[daseslof (ET L [processes. [T hus, [Theltl asseslof [ihel]
Templ atellayer[asl$pecializationsl{i.e.,[$ubcl asses) [of [(Thelgenericl ¢l assesLof [The[M etamodel [
layer [(depicted(as™l sA” [fel ationshi psih(Fig.[3.1).[Throughlihi sidustomi zati onlhechani sm, thel]
designer[dan(pi ckfhelinstanceslof [the[SchemalTayer [fromlalnuchlri cher [pal ettelof [Gonstructs; [
i n[thi sC$etti ng, [heléntiti eslof (the[Schemallayer [arelinstantiati ons, (hot[onl y [of [Thelfespectivel]
classes(of [thelM etamodel (Tayer, But(al solof [thei risubcl asseslintheTempl atelayer. [

InCiheléxampl elof [Fig.[b. 1heltoncept[bw PARTSUPPLINust[(belpopul ateddrom&Lcertain]
sourcels,.[Several [Operati onsliust intervenelduringfhelpropagati on: for [@éxampl e, [@Surrogatel]
key[assignmentCandCanCaggregationtakel placelin[thelscenario. Moreover, [ there[areltwol]
candidatesl$uitabl efor@heltoncept[s,. PARTSUPP; [butlof (Ihem, [&xactlylobnel{Candi dat e,) IS
eventually[sel ectedFortheltask.[A sConetan[bbserve, [the[tonceptsithat takelpartnthis
scenariolarelihstanceslof [6lassiGoncept [{bel ongingfbfhelhetamodel Tayer)@ndSpecifical lydf
itsCsubclass[EREnt i t y [{assumingthat(WweladoptCanCERCModel Cextension). [ nstancesCand]
encompassi ngLtlasseslareltel atedihroughtinksCof (iypeli nst ancedf .[T hel$amelinechanism(]
appliesCitoJall CthelJtransformati onsUJof UthelJscenari o, Jwhi charelJ(a) Uinstancesof Cicl ass[
Tr ansf or mat i on[and((b)ihstancesaf [0onelof [itsiSubcl asses, [depi ctedin(Fig.[3.1.[Rel ationships]
domotéscapefheul eléither:[dbservelhowThelprovider i nksfromiheldoncept[$2. PARTSUPPL]
towardsheltonceptbw PARTSUPPLArelid atedfoldl asslPr ovi der ORel at i onshi pdhroughthel
appropriatelilnst anced links.[

AdTar[asthel¢tlass toncept [IsLtoncerned,lin(the[Templatellayer (el can[$pecializelitiol]
several [Subcl asses, [dependinglonihelémpl oyedinodel . Infheldaselof ThelER[Model , ivelbavell
thel[$ubclasses[EROENt i t y,[ANd(ERORel at i onshi p,Wvhereaslin@hel¢aselof fhelIDimensional [

M odel ,veldanfavelSubclasses@sBact OTabl e[0rDi mensi on.I
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[FiltersO Unary(iransfor mationsl] Compositelir ansfor mationsl]
- OSel ectiond( o) O - OPushO - 0Sl owl yOchangi ngdi mensi on 000000
- ONot Onul | O(NN) O - OAggregation{( v) O (Typeld, 2, 3) OO SDC-1/ 2/ 3) O
- 0OPri marylkeyO -0OProjection(m)0O - OFor mat Om smat chO(FM O
vi ol ati onJ( PK) O - OFuncti onCappl i cation(f) O - ODat alt ypelkconver si onJ( DTC) O
- OFor ei gnlkeyO - OSur rogat elkeylassi gnment 0( SK) O - 0OSwi t ch( o*) O
vi ol ati onJ( FK) O - OTupl eChnor mal i zati onO(N) O - OExt endedOuni onJ( U) O
- OUni quelval uel(UN) O - OTupl eCdenor mal i zati on( DN) O FileDperations]
- ODomai nO0) 0 ;

. . . - OEBCDI C[t oJASCI | Cconver si on[( EB2AS) [
Oni smat chO( DM O Binaryfransfor mations(] -OSort f i | e Sort) O X )
u] - 0OUni onO(U) O .

0 ) Transfer [@perations(]
-0Joi n(><1) O
; -OFt pO(FTP) O
:BB L;E(eél)DEt ect i on( fupe) O - OConpr ess/ Deconpr ess( 2/ dZ) O
P UPD) - OEncrypt / Decrypt ( O/ dCr) O

Fig.[3.2[Templatelfr ansfor mations,@longWwiththeir Symbols,[groupedBy(dategory

Followingthe[Jsamefframework, CclassTr ansf or mat i onUisCfurtherCspecializedCtoOan(
extensi bl elSet[of [reoccurringlpatternslof [EET L [Acti viti es,[depictedlinFig.[5.2. MWV elnow [present]
each(of [thelaf orementi oned(dl asseslin(moreldetail .[As[oneldan(sSeelon(thelfoplsidelof (Fig.[5.2,0]
welgrouplthefempl atelactiviti eslinsi x haj or Tbgi cal [groups.Weldomhotdepi ct thelgroupi nglof (1
activitieslihl[Subcl assesliniFig.[5.1, lihlorder [fblavoi didver| oadinglthelfi gure; [ihstead, weldepi ct[]
thel3pecializationlof [dlass[Tr ansf or mat i onHodhreeldf [its[Subcl assesiivhoselinstances@ppear]
infthelémpl oyed(Scenari oldf thelSchemallayer.[

[T helfirstlgroup, mamed(Filter s, [providesldchecksfor [thelfespect[of [Aldertai n[éondition.[Thel]
semanti csLof [Theseldil tersCareltheldbviousl{startingrom@[generici3el ect i onl¢ondition[@ndC
proceedingolihel¢heck[@or[hul | val ues,[pri mar y[or[f or ei gnlkeyOvi ol ati on,[&tc.).[The[
second[grouplof empl atel@ctivitieslisldal ledWnar y[Transfor mati ons@ndlexcept for [Thelmost [
genericlpushCactivity [{which&mplyCpropagatesldatal fromthelprovider[toltheltonsumer),[]
consistsLof [theltlassical Caggr egat i on[and[f unct i onOappl i cat i onCbperations[al onglwith[]
threeldatallvarehouselSpecificransformations{sur r ogat eCkey[dssi gnrent ,[dor mal i zat i on[]

andCHenor mal i zat i on)2.[ThelhirdCgroupltons stsLof [Elassical [Binary[Operations, [Suchas]

A

2[Normalization/Denor mali zation. 1 tCi sCcommonCfor (source data tobellongCdenormalizedrecords, (possibly(l
involvinginorefhan(athundredlattri butes. [T hi slislduefolthefact (That thadldatabaseldesi gnlor ¢l assical [COBOL
tacti csled(folthelgatheringlof &l helhecessary informati onfor [AnEppli cationlin[alsi ngl efiabl e/fil e.[A I though[a[]
datalvarehouselis[a soltharacteri zed[by B tareful |y [$el ected[$et[of [Hlenormal i zed[tructures, [Someti mesit[isC
imperativeld told normalize[l somehow( the[ input™ data.0J Consider, [ forO exampl e, a table[] of O the formO
R( KEY, TAX,DI SCOUNT,PRI CE) ,00 whichO well wouldO like[ tol transform(d to[] alJ tabled of O thed form[
R ( KEY,CODE,AMOUNT) .[ForCexampl e, thelinputtuplelt [ key,30,60,70] OsliransformedOntothetuples]
t1[ key,1,30] ; @ 2[ key,2,60] ; 0@ 3[ key,3,70] .[ThelbperatorCNORMAL | ZATI ONCperformsthisCkindCof(J
transformation.IDENORVALI ZATI ON,[EtfhelSameldi melisithelinverseloperati on, [particul arl yliseful [intheldase]
of thighlymormali zed[production(Systemsl{that [Ect[@s[Sources. [In[thi s[Si tuati on, velvoul dTi kefoldenormal i zelthe
sourceldatal({e.g.,[6onsi derfhelinverselof theldf orementi onedéxampl €) [in[drder fo@chi evelbetter [performancelin]
thel@nsweringloflaggregatelqueriesliinfheldataiwarehouse.[]
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uni on,[] oi nCBndCdi f f er encebf Cconceptsbs el l Cas[ ith[ Al special [ tasel bf [ differencel]
involvingltheldet ect i onCof Cupdat es. [T

Moreover,[ thereldslal set[ of [LComposite/ Special -Pur posel transformations, [which[tan[bel]
derived¥roms mple[tombinationsCof [templ ateCactivities.[ForCexample, (51 ow y[khangi ngd
di nensi onlis[@dechni queoréxtractinghel¢hangeslinfhel$ourcesthat[popul ateldimension]
tables.[Also,[f or mat [ smat chlils[al$peci al [daselof [$el ectionland@uncti onlappli cationl{i n[thel
caselWhenl@n(attri butelshoul dfulfil | A ¢ertai n(degul ar(éxpression),[dat ald ypeldonver si on[s[]
al solal 3peci al [¢aselof [function@pplication,[@dwi t chlislthelc¢ombinationlof [$everal [$el ectionsl]
andCext endedCuni on[dsCACtombination[of Chinary[unionstolproducel thel tespectivelh-ary[]

operator. Il

ExceptUforOthelJaforementi onedJtempl atelJactivities, JwhichCJmainlyOreferJtodl ogical [
transformations, CweldcanCal soCcons der (thelcase[of Cphysi cal Coperatorsthat Crefer[(oltheld
application(af [physi cal [fransformationsbwhol effil es/tabl es.M ainly, Weldi scusslihter-concept ]
physical] operationsl] like[d Transferl] Operationsl] (ftp,[] conpress/ deconpress,]
encrypt / decr ypt )[@nd[Filel@perations(EBCDI C[t 0OASCI | ,[dor t [ i | €).[

Summarizing,helM etamodel Tlayer [is[AlSet[of [heneri clentities, @bl eolepresentAny ETL [
scenario.[AtThelsamelii me, [Thelgenericity[of [TheM etamodel iayer [lis[compl ementedivi ththel]
extensibility[of [the[Templatelayer, Mvhi chlislaSet [0f Mbuilt-in” [Speci ali zati onslof [theléntiti eslaf [
thel[T empl atelayer, [$pecificallyail oredFor [(thelmost Frequent (&l ementsCof CET L [$cenarios.[]
Moreover,@partdromiThisCbuilt-in” ,IET L -specificléxtensi on[of fhelgenericlinetamodel , [if fhe]
designerldecidesihat[$everal Opatterns',[hotlincludedlinihelpal ettelof [Rhe[T empl atellayer,
occurrepeatedly i nChisCdatallwarehous ngproj ects, Che/shellcanCeasi |y [(fit(themCintotheld

customi zabl e[Templ atelayer Throughl@Speciali zationtechanism.

6.L.Conclusions]

Extraction-Transformation-L oading[{ETL)[tool sLarel pieceslof [of twarelresponsi ble[for[thel]
extraction[of (datalfrom$everal [$ources, [iheir [l eansi ng, [ustomi zation[andlinserti onfinto[&]
datalWarehouse. In[thisCpaper,[(WelhavelfocusedLonlthelproblemlof [theldefinition[of CETL

activitiesandlprovidedfloundati onslfor [thei r[Gonceptual [fepresentation. [ orelSpecifically, vel
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havelproposed@novel [donceptua [mhodel ,vhi chlisldustomi zedflor Ehelflacinglaf inter-attribute]
rel ationshi psiand(thelriespectivelEET L [Activiti eslinfhelear| y[Stagesiof [Aldatalwarehouselproj ect.[]
Thelproposedlmodel [is[tonstructedlinal customi zabl el andCextens blelmanner, (ol that[thel]
designer[danl(enrichlitWwithhisiéwnire-occurringlpatternsifor [ET L [Acti vities, whil e, [@tfhelSamel]
time, Welal soloffer[apal ette'[of [AlSet[of [frequentl y[UsedETL [activities, i kelthelassignment [0f (]
surrogatelkeys, [theldheck for nul | Wal ues, [etc.[]
AsTar[asfuturelWork[istoncerned,thelFirst[objectivelisthellinkagelof (the[proposed]

conceptual [inodel [Tollitslogi cal Land[physical [¢ounterparts,[Wwith[particul ar [focus{a) Lon[thel]
rel ationshi pLof (the[ETL [Cactivities[tolthe[UnderlyingCdatal stores,; [{b) (theltapturinglof [thel]

compositelworkflowl(df ThelET L [Scenariol@nd((lc) theldpti mi zati on[of [itsiéxecuti on[V aSS02] .11
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