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Abstract.[ Extraction-Transformation-L oadingl (ETL ) Jtool sO are[] piecesC] of
softwarelTesponsi bl e[forthelextractionCof (datal fromseveral [sources,[theird
cleansing, [@ustomization[@nd(inserti onlinto[@datalarehouse. [Inlthispaper, el
delvelintolthellbgi cal [desi gnlof (EET L [Scenari os. (W eldescri belalframeworkfor theld
declarativelspecificationCof CETL Oscenari osCwi thCtwomai nCicharacteristics: [
genericityandCcustomi zation.OM oreover, CwelpresentDalpal ettellof Ciseveral O
templ ates,representingdfrequentlyOusedDETL OactivitiesOal ongOwithOtheird
semanti csland(theirlinterconnection. [Final ly, iiveldi scusslimpl ementati onliissues’]
andvelpresent @ graphical (ool ,[ARK Tos | Bhat[HacilitatesTheldlesignof (ETL O
scenarios, BaseddnGurfodel .00

1.0ntroductiond

Datalarehouseloperational [processesiformal ly[domposelaliabor [intensi velworkflow,
involving(dataléxtraction,fransformation, [integration, ¢l eani nglandfransport.[T oldeal (I
with(ihi shivorkflow, Cspeci alized ool sCarelal ready(avail abl elin(ihelimarket[] 3,4,6,8],0
under thelgeneral [Title[Extraction-Transfor mation-Loading[{ETL)tools.CT ol givel A
general [idealdf [thelfuncti onality [0f (theselfool sivelenti onlthei r host [promi nent [fasks, [
whichliincludel{a) @helidentifi cati onlof (el evant informati on@t fhelSourcelSide; [{b) The
extraction[of [thi siihformati on; [{c) theldustomi zati on@nd[integrati onlof [thelihf ormation
coming@rommulti pl elSourceslinto@common(fiormat; [{d) theldl eani nglof fhelresul ting
datalset,[dnHhebasi slof [databaselandbusi nessiul es,[andL{e) (helpropagati onlof [Ehe
datalfoltheldlatallvarehouseland/or[datalarts.din[Thel$equel ,ivelivil | hotdli scriminate
between(thelfasksof [(ET L [and[Datal Tl eani ngl@ndladoptfhelhamelET L [for (boththese
kinds(af(activities.(l

IfCveltreat[AnCET L [cenari oCasLal compositelworkflow, linCaltraditional Civay, [ts[]
designer(isiobligedfoldefinel$everal [of [its[parameters[(Fig.[1).[First,@heldes gner[isC]
responsi bl e[ forCdefiningCanExecution[Planforthelscenari o. [T heldefinitionCof CanC
executionplanCcan[beleenfromCvari ousperspectives. [T heExecution[Sequencel]
involvesthel&pecificationCof OwhichCactivity CrunsCTirst, Csecond, CandCsoCon, CwhichO
activitiesliunliniparallel,[orvhen@SemaphorelisidefinedSofhat [Several [Ectivitieslare]
synchronizedCat[a tendezvouspoint. [ET L [activitiesChormal lyCrunfinCbatch, [solthed
designerheedsfol$pecifylanExecution[Schedul g,fl.e., @heldi melpointslor [eventsihat ]
triggerfheléxecuti onlof fhelscenariolas@lhol e.[FFinal |y, [duefol$ystemldrashes, [t (IS
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imperativelthatihereléxistsiaRecoveryPlan, [$pecifyingihelsequencelof [Stepsolbel]
taken(in(theldaselof fiail urefor [@ldertai nlactivity [{e.q., (etry Holexecutelfhelactivity, [or
undol@nylintermediateliesul tsiproducedsofar).[AtThelsamelii me, @n[Administration
Plan(shoul dibelSpecified, involvingthelnotifi cationldf thel@dministrator @i ther [0n-line]
(monitoring)(or[off-linel(l ogging) for (thelstatus(of [Anléxecutedactivity,[ashvel | [@slthe]
security@ndl@uthenti cationithanagementfor thelET L [énvironment.[]
Welfindlthatresearchibasihot[deal twith(fheldefinitionlof [data-centri chworkfl owsTo ]
thelentirety[of [itslextent. [In{theET L [dase, Hor [éxampl e, [duelfoliheldataldentri clhature
of [thelprocess, [theldesi gner (must[deal (i th(heltel ationshi plof[thelinvol vedlactivities]
withEhellinder lyingldlata. (T hisfinvol vestheldefinitionlof [APrimaryDatalFlowfhat (]
describesltheldoutelof [datalfrom(thelSourcesiowardsltheir {i nal [desti nati onlintheldatal]
warehouse, [asfhey[passithroughlthelactiviti eslof [Thel$cenario.[Al so, [duelfolpossible[]
qualityproblems(df thelprocessedidata, theldesigner(isidbli gedibldefinelafl ow(for thell
problematiclCdata,[i.e.,[theltows that[vviolatelintegrity CorCbusinessCrules. (0t s theld
combi nati on(of [Theléxecution[Sequencel@ndtheldatalfl owlthatgeneratesthelSemantics]
of thelET L Workflow: [theldatalfl owldefi nesiwhat[@ach(@ctivity[does@ndtheléxecutionl]
planidefineslinfwhichidrder[@ndidombination.]
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Fig.(1MifferentPerspectivesfor@nETL Workflow

I nthi sCpaper ivelvork [in(Ehelinternal sLof (thelprimary [datalfl ow[of (ET L [Scenarios.[]
Welpresent[@ genericlinetamodel (Forheldefinition[of Bheldata-centricObart(of (ETL O
activities.[ParticularCattention sCpai d[tol the[decl arativelbpecificationCbf (the[datall
semanti csClof Cactiviti es. Ol nCtheCpursuit Cof Chi gher Oreusabil ity Cand Cf L exi billity, Cwe
speci ali zelihelset[of Cour [heneri clmetamodel Léonstructsivi th(Apal ettelof Hrequentl y-
usedET L [Ectiviti es,vhi chiweldal | fermpl ates.[M oreover, [ih[order [fo@chi eveldiniformO
extensi bility 0mechani smdorCthi si brary Cof [buil t-ins, welhavelioldeal ithCHpecificO
languageld ssues: [thus, (el &l soldiscussthelmechani csCof Ciempl atelinstantiationto]
concretelactivities.[TheldesignidonceptsihatWelintroducelhavebeenimpl ementedih@]
tool,[ARKTOSHI , Mhi chlis@ solpresented. ]

a

Our[dontributionsldanellisted(@sfollows: [

—[OFirst, Oveldefinelalformal [ ogical C(Metamodel CaslCall ogical Cabstraction[of CETLO

processes.[JT he[Hatal stores, CactivitiesCandtheir Cconstituent CpartsCarel formal ly O
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defined.CANnCactivity OisCdefi nedlasCanCentity vith[{possi bl y inorelihanCone) (input ]
schema(ta), CanCbutputschemalandCa parameter Cschema, (sol that[thelactivity [is]
popul atedeachti melwvith( tsCproper Cparameter [val ues. [T heflowCbf Cdata from(]
producerstowardstheirCtonsumersCisCachievedthroughtheusagelbf Cprovider
relationshi pslthat ap(thelattri butesiof thefiormer fblthelfiespecti velattri butesiof fthel
| atter.[A [Serializabl eldombination[of [ET L [Acti viti es, [provider (el ati onshi pslandidatal’]
storesidonstitutesian(ET L [Scenario.[]

—[Second, ielprovidelaieusabilityframewor kithat[dompl ementsitheldenericity [of fhe[
Metamodel.[Practi cally,[thi slilslachi evedfiromaset[of [T built-in” [$pecializations[of [
thelentitiesCof (thelM etamodel Oayer, [specifically[tail oredfor[thelmost[frequent
elements(of (EET L [Scenari os. [T hi s[pal ettelof [fempl atelactiviti esiwil | belfeferredolas]
Templatelllayer [@ndlitlis[¢haracteri zedyitsléxtensibility; [infact, [duefolanguagel]
considerations,Welprovidelfheldetail slof (thelechani smithat instanti atesfempl ates]
tolSpecificlactivities.[d

—[OFinally,veldi scussiimplementati onlissuesiandwelpresent(algraphi cal (ool ,[ARK TOSO
|1 That [Facilitatestheldesi gnlof (EE T L [Scenari os, [Based@n(dur (fhodel . [

Thislpaper(isldrgani zed@s[fol | ows. In[Section2Wwelpresent[@ldeneri clihodel [6f [ETL O
activities.[0SectionJ30descri besthe[dmechani smif or CispecifyingClandCimaterializing [l
templ ateldefinitionslof frequentlylised [EET L [Activiti es.[Secti on4presentstARK TOSI I, [
alprototypelgraphi cal ool . [In[Section(B3, Welpresent fiel atedWwork. [Final l y, [ih[$ection6]
weldoncludelour[fesults.(d

2.[GenericM odel [Bf [ETL [ActivitiesO

Thelpurposelof [thi siSecti on[isibpresent(aflormal Tbgi cal (hodel [for Thelactiviti esiof @n(

ETL Cenvironment. T hisOmodel OabstractsCfromOthetechni calitiesClof Omonitoring,

schedulingC@andioggingvhil efit[toncentratesLonihedl owbf [datafromihe$ources

towardstheldatalarehouselthroughfheldomposition[of [@ctivitieslandldatalstores. [For [

lack [0f [Spacelwvelpresental¢ondensediersi onlof [thelinodel ; thefiull-bl ownyersi onlof (I

thelthodel [GanBefoundih{10].0

-0 Datallypes.[EachldataltypelT[s tharacterizedby A hamel@ndA domain,d.e.,[E0]
countabl e set[of Cval ues.[OT he[val uesof (theldomai nsCare Al sol teferredtolas]
constants.[]

-0 Attributes.CAttributeslareltharacteri zed[byihei r(hamelanddlataltype.[Attributes]
and(donstants@reluniformly feferredfo@slierms.]

-0  ACEchemalis(ai nitelli stlof [Attributes. (Eachléntity That(is[characterized by [onelor ]
morelSchematalwill Beldall edStructur edEntity. [T

-0 RecordSets.[A [Mecordset(is(éharacteri zedbylitsimame, [its({l ogi cal ) [SchemalandTits[]
(physical) [extensi on({i .e., i nitelSet [0f lecordsiuinder [thelfecordset[Schema) . (Well
can(freat(any[datalstructurel@s@recordSet” [providedihatfhere@relfhelineansio]
logicallymestructurelit[into@fl at, By pediecordschema. nheliest [of [fhi sipaper, [
welwill Cmai nly Cdeal Civiththeltwolmost Cpopul ar [ty pesCof Crecordsets, Chamel y [
relational fabl esiand(riecor d(fil es.[

-0 Functions.[A Function[Typelcomprisesia hame, [afi nitelli stfof (parameter [datal]
types,[@nd@singl elMetur ndatafype. (A Functionlis@nlihstanceldf [Afunctionflype.O
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ElementaryActivities.OlnCour Cframework, CactivitiesOarell ogi cal Cabstracti onsC

representingCparts, Cor (Full Cmodul esCof Ctode. (Welempl oyLanCabstractionlof [theld

sourcel¢odelof @nlactivity,[nhedormlof AL DL [$tatement, [in[order Hol@avoidl
dealingCwithOthepeculiaritiesof Oalparti culardprogrammingClanguage. JANC

Elementary(Activitylisformallyldescribed By thelfiollowinglél ements: [

-0 Name:[@niquelidentifier{orihelactivity.O

-0 InputCEchemata: [ai nite[Set[of [oneldr [Morelinput(Schematalthat (Hecei veldatal ]
fromtheldatalprovidersiaf thelactivity.l

-0 Output[Bchema: CaTinitelet[of Conelbrmorelkchematal that[describelthell
placehol dersffor fhelfowslthat[arelprocessed Dy thelel ementary(activity. [T

-0 Parameter [IList: [a[3et[0f [pairshivhi chlact[@sregul atorsfor theflunctional ity [6f ]
thelactivity[{the[fargetattributelof [@foreignlkey[theck, forlé&xample).[Thell
firstldomponent(of thelpai rlisthelfiameldf fhelparameter [@nd(thelSecondliklits]
value, [ile.,[@[Schema,[@nlattribute, [Afunctionldr(@donstant. [

-0 OutputCIOperational ]Semantics: [alldecl arativelstatementJdescribingOthel
content[passedtoleachlbf (thelbutputCof (thelbperation, With(iespecttolits[]
i nput.[T hisC$tatement[dlefi nes[{a) [(Thelbperati on(performedLonihetowsthat]
passithrough(thelactivityfowardslitsl¢orrespondingloutput[Schemaland(b) @]
mappi nglbetweenihelattri butesLof (Thelinput[$chema(ta) (andiheltespectivel]
attributesiof [ftheloutput[Schema. In(thi sipaper, ivelflocusion(l DL []I7,12] (aslthe
formalismiflortheléxpression(of [thi s[Statement. [

-0 Priority:fhelorder[of [éxecuti onlof thelacti vity i thi nthelparti cul ar[Scenario.[]
I nCourCapproachlivels mplify[theltompl exity [of (ThellExecutionPlan{which[
includesCtonditional [paths, [parall el [éxecutions,fendezvous, [&tc.) hrough@l]
total [Order(of [éxecuti on[for [thel@ctiviti eslaf [thelScenario.[

Provider (el ationships.[Thesel@re[1: Nielationshipsthat [invol velattri butesivith{al

provider-consumer (el ationshi p. (T helfll owlof [datafromtheldatalourcesfowards]

theldatalwarehouselisperformedthroughheldompositionlof [@ctivitieslin@Iarger ]
scenario.InfhisC¢ontext, Thelinputfor @nlactivity [can(beléither @persi stent[datal]
store,CorCanotherCactivity,.e.,Cany [StructuredCentity Cunder Calspeci ficCschema. [

Provider el ationshi psiGapturelfhelfnappi ngbetween(thel@ttri butesiaf thelSchematall

of fhelihvol vedientiti es.Notefhat[@ldonsumer(attri buteldan(al soelpopul ated Dy A1

constant, [ihldertai n(dases.[]

Part_ofliel ationships.[T heseltel ationshipslinvol velattributesf@ndparametersand ]

rel ate[themtoltheir(respectivelactivity, [recordset Cor (FunctionioOwhichCtheyd

belong.I

I nstance-of{fel ati onshi ps. [T heseliel ati onshi psireldefi ned[among @ data/functiond

typel@ndtslihstances.]

Regulator [fel ati onshi ps. [T heselfel ati onshi psiareldefined[among(thelparametersiof (1

activities@ndthelfermslthatpopul atelfhesel@ctivities.[

Derived(provider el ationships.[A [derivedprovider el ationshi psianother Horm

of Cprovider[telationshipthat Coccursthroughthe[tompositionCof Cprovider Cand]

regul atorCrel ationships.CJFormally,dJassumethatOs our cedisdalinodedinOthed

T

1[OurImpl ementati on[al solsupportsiihelspecificationof Cactiviti esinCBQL..[Btill, ivelfocuslon]
L DL OnCthisCpaper, CsincelvelFind 0 tCmoresuitabl eChoth [ or Cspecifi cati onCandCreasoning
purposes.[]
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architecturelgraph, i ar get Llisi@n(attributelof Theldutput(Schemalof [anactivity AL
and®, y[@relparametersiin{ihelparameter (i stlof [A.[T helparametersix [andly [heed]
notd necessarily[] bed different.00 Then,O all derivedd providerd relationship[]
pr (sour ce, t ar get ) [éxistsliff fhelfloll owinglregul atorfiel ationshipsi{i.e.,[@édges) ]
exist:[tr 1( sour ce, x) Candlt r 2(y, t ar get ) .0ntuitively, the[taselof [Herived]
rel ati onshi psiinodel slthelsituati onfwherelfhelacti vity[computeslalmhew attri butelin[]
itsCoutput. [ n(thisCtase, [thelproducedCoutputtlependslonlal | thelattributes[that[]
popul ate(Tthe[parametersof Cthellactivity, Oresul tingUi nCthedefi nitionCof Cithed
correspondinglderived(rel ationship.

ForOeachCof Cthe[af orementi onedCentiti es, CwelJassumelanCinfinitel yClcountabl e, [
mutual ly[di g oi nt[$etCof (hames({i .e., (ALtlomai n) Candts{tespectivel$cenario-specificl
finitelSubset,whi chiweli stlihthelfol lowing: [Bfor DatalTypes, [Efor [Function(Types, (¢
for[Constants, (& for[Attributes, (@ for [Functions, [SHor (Schemata, (Rs(for [RecordSets, (A0
forCActivities,[r [(for[Provider[Rel ationships,[Po [for [(Part-Of [Rel ationships, i o [(for[]
I nstance-Of [Rel ati onshi ps, [k (for[Regul ator[(Rel ationships, [ (for[(DerivedProvider[
Rel ationshi ps.T helful | Tayout[of [AnET L [Scenario,[invol vinglactiviti es, [fecordsets@nd
functionsldanbeldepl oyed(al onglalgraphlinf@nieéxecuti on[Sequencelthat [GanBelli nearl y [
serialized.DWeltall [thisCraph, (thelAr chitecture[Graph. [T helinvol ved[datal types, [
functionlypes,[donstants, [attributes, [Activiti es, [ecordsetsiandfuncti onsi¢onstitutefhe[]
nodes(of [thelgraph.[Welthodel (theldifferent ki ndslof [fel ati onshi pslof [theselhodes({i .e.,[]
part-of,[instance-of , Cprovider, Cregul ator CandCterived[provider [iel ationshi ps) Cas[theld
edgesCof[thegraph.[Formally,det0 V,E) [belthe[Architecture[GraphCof Can[ETLO
scenario.[Then, NV Z DUFUCUQUOUSURSUAGBNIERZ Pr UPoul ouURr WDr .0
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Fig.2Bird s-eyelvi ew[of Theltotivati ngleéxampl el

M otivatingCExample.0oT oCmotivate[bur[discussionCivelwil | ChresentCanCexampl el
involving(thelpropagati on(df [datalfromlaldertai n(Sourcel$1, [fowardsladatalwarehousel]
DW throughCintermediate[tecordsetsCbel ongingtola Datal Btaging[Area {DSA) DS,
wherel@l | (Gheliransformationsiakelplace.[T he[$cenariolinvol vesthelpropagati onLof
datafromCtheltabl eCPART SUPPof [(sourcelS, [totheldatalwarehouse DWT abl el]
DW PARTSUPP( PKEY, SUPPKEY, DATE, QrY, CosST) [$toreslinformationfor(helavailable
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quantity[( QTY) [@nddost[{| COST) [of (partsl( PKEY) [perlSupplier{ SUPPKEY) .[Theldatall
sourcellS;. PARTSUPP( PKEY, DATE, QTY, cosT) Crecordsthe[3suppliestfromOadspecificl]
geographical [fiegion,[@.g., [FEurope.[All Thelattri butes, [éxcept for [theldates/arelinstances]
of [thell nt eger [ype.[T helScenariolisigraphical ly[depi ctedin(Fig.2[andlinvol vesthel
following(fransformations.C]

a
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Fig.[3[Architecturelgraph(of [Apart[0f Thelmhoti vatingléxampl e[

1.0First,livelfransferfVialf t p@hel$napshotromihel3ourcels;. PARTSUPPHodheldileld
DS. PS1_NEWANdGffheMSA.O

2.[0ntheD SA Dvelmai ntai n(local lykwoltopiesLof [thel snapshot[of (the[$ource.[Thell
recordset[IDS. PS1_NEW PKEY, DATE, QrY, cosT) OstandsOfor Othe[lastCtransferredd
snapshot[0f[$,. PARTSUPP.[Bydletecti ngiheldli fferencelof (thisCsnapshotith(ihe]
respectivelVersion[of Bhelpreviousloading,[DS. PS1_OLD( PKEY, DATE, QTY, CosT) 0
wel tanlderiveihelhewlylinsertedtowslin$ourcelSs;. PARTSUPP.[Welstorelthese[
rowslinfheile[DS. PS;( PKEY, DATE, QrY, cosT) .[INotelthat[heldlifferencelactivityd
thatwelemploy,inamelyDi f f _PS1,dhecksfor[differenceslonlydnihelprimarykey
of fhelfecordsets; [thusiwelignorelany [possi bl eldel eti onsior [Mpdatesfor fhel@ttri butes]
COST, [QTYI[df [existingows. [T

3.0n(@rder fbkeepirackof thelSupplier of ([@Bachlrow, Welheedfoladddflag’ [Attribute,
namely[SUPPKEY, [ihdi cati ng( fior thelfespecti velSupplier.T hislis@chi evedthrough
thelactivitylAdd_At t r _SK.OI

4.[Next,WelBssi gnLalsurrogatelkey[on[PKEY.dn[theldata Warehouseltontext, [it[is]
common(Tacti csolfepl acelfhekeyslof [Thelproducti onSystemsiwvith@Liniform&ey,
whichOveltall Calsur rogatelkey(]5].[T helbasi c[teasonsfor[this[teplacement[arel]
performanceJandsemanticCohomogeneity. (0T extual Cattri butesCareInot (Othedbest (]
candidatesfor[indexedkeys@ndihusheedfolbelfepl acedylinteger (keys.[AtThel]
sameltime, [differentCproducti onCsystemsimightseldifferentCkeysfor[the[samel]
obj ect, Cor[the[samelkeyFor[differentCobjects, Fesultinglin(theCheedforA gl obal [
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replacementof fheselWal ueslintheldatalvarehouse. [T hi sliepl acementlilsiperformed]
throughCallookuptabl e[of (the[FformL ( PRODKEY,SOURCE,SKEY) .[IT he[1ISOURCE[]
columnlisldueliothelfact fhatfhereldanbelSynonymslihtheldifferentSources, which]
arelappedibldifferent(obj ectslintheldatalarehouse. IInfdur[dase, [Thelactivity That (]

performsihel$urrogatelkeyAssignmen
lookup( table[] LOOKUP( PKEY, SOURCE,

t(orEhelattributePKEYIS[SK1 . Itisesihed
SKEY) .0 Finally,d well popul ate(d theld datal’]

warehouselwithfheldutputlaf fhelpreviouslactivity. I

In{Fig.[B,WhichlsCalzoom-infintheast (iwol&cti vitiesLof [(the[$cenario, el tan[]
observel{fromirightfolkft): (i) fhefact fhat fhelfecordset MW PARTSUPPGomprisesthel]
attributesCPKEY, SUPPKEY, DATE, QTY, CoSTL{observelthe[lUML -likeChotationCwith[theld

diamond){ii) @helprovider[iel ationshipsi{

denotedlas(ibol d,[3olid[arrows) hetweenihe

outputCschemalbf (thelactivity [(5K1 Candthelattributes bf (DW PARTSUPP; [{iii)thel
provider el ationshi psibetween(fhelinput [@ndEheloutput[Schemalof [activity [$K1 ; [{iv) O
thelprovider el ationshi psibetweeniheloutput [Schemalof [Thelactivity[Add_At t r _SKO

and(helinputSchemalof [ThelActivity[$K1;

[Qv) [Ehelpopul ationlof [thelparametersiof thel

surrogatelkey[activity[fromlregul ator fel ationshi psl{denotedasidottedbol didrrows) by [
thelattri butesiof [fabl e[l COKUP[and[Somelof (thelattri butelof [thelinput[Schemalof 1$K1; [
(vi)@helinstance-of [tel ationshi psl{li ght[totted edges) Cbetweenthelattributeslof [theld

scenari ol@ndttheirldatalflypesi(col oredioval

satthebottom(ofthelfigure).[]

allnl(AINlAlAIN1A2A_IN A3,AINLAYO | a2 in(AINALAINAZ AINA3 AINAL)<-O
<-Ods_ps1_new(A_IN1_AL, A IN1_A2, A I NL_A3, Ods_ps1( X1, X2, X3, X4) , 00
O A INL_A4). DO OX1=A_|I N_A1, O
O OX2=A_| N_A2, O
al_in2(A_IN2_AL, A IN2_A2, A IN2_A3, A IN2_A4) 0 | OIX3=A_I N_A3, (0
<-Ods_ps1_ol d(A_IN2_AL, A IN2_A2, A IN2_A3, O OOX4=A_| N_A4. OO
O A IN2_A4). O O
] a2_out (A_OUT_A1, A OUT_A2, A_OUT_A3,
senmi _j oi n(A_OUT_A1, A_QUT_A2, A OUT_A3, O ] u] A _OUT_A4, A_QUT_A5) (k-0
O 5] A_OUT_A4) (k- DCa2_in(A_IN_AL, A IN A2, A IN. A3, A INA4), O
al_inl(A_IN1_AL, A INL_A2, A INL_A3, A INI_A4), 0| OOA OUT_A1=A_IN A1, O
DCal_in2(A IN2_AL, _, , ), O O0A_OUT_A2=A I N_A2, O
O0A OUT_A1=A | Nl_Al, O O0A_OUT_A3=A_|I N_A3, O
ODA_OUT_Al=A | N2_Al, O ODA_OUT_A4=A_IN_A4, 0
OJA_OUT_A2=A_IN1L_A2, O O0A_OUT_A5=' SOURCEL" . O
O0A_OUT_A3=A_I N1_A3, O O
O0A_OUT_A4=A | N1_A4. O a3_in(AIN AL, A IN A2, A INA3 A INA4 A |INA5) K-
0 a2_out (A_OUT_A1, A QUT_A2, A OUT_A3, A QUT_A4, 00
al_out (A_OUT_A1l, A OQUT_A2, A QUT_A3,A QUT_A4)0 | O n] n] ] \ OUT_A5),
<- O0A_OUT_AL=A IN_AL, O
al_inl(A_IN1L_AL, A INL A2 A_IN1_A3, A_IN1_A4), (O] OUA_OUT_A2=A_I N_A2, O
~sem _join(A_INL_A1, A INIL_A2, A INL_A3, A INL_ | OJA OUT_A3=A I N A3, O
A4), 0 ODA_OUT_A4=A_IN_A4, 0
O0A_OUT_A1=A | N1_A1, O O0A_OUT_AS5=A_IN_A5. 0
O0A_OUT_A2=A_IN1_A2, O O
OUA_OUT_A3=A_| N1_A3, 0 a3_out (A_OUT_AL, A OUT_A2, A_ OUT_A3, A_OUT_A4, O
OUA_OUT_A4=A | N1_A4. O 0 ] A_OUT_A5, A_OUT_AB) <
O Ca3_i n(A_IN_AL, A IN A2, A IN A3, A IN A4 A INA5), [
ds_ps1(X1, X2, X3, X4) (k- (0 0 ookup(A_I N_A5, A I N_Al, A OUT_A6),
a_out (A_OUT_A1, A_OUT_A2, A_OUT_A3, A_OUT_A4), 0 | A _OUT_A1=A_I N_AL, O
X1=A_OUT_A1, 0 O0A_OUT_A2=A_I N_A2,
OX2=A_OUT_A2, O0A_OUT_A3=A_I N_A3,
[IX3=A_OUT_A3, UA_OUT_A4=A_IN_A4, O
OX4=A_OUT_A4. O0A_OUT_A5=A_| N_A5. [J
O O
oo dw_par t supp( X1, X2, X3, X4, X5, X6) (k- O
Ca3_out (A_OUT_A1, A OUT_A2, A OUT_A3, A_OUT_A4, 0]
OJA_OUT_A5, A OUT_A6). O
LEGEND: [al: DI ff _PS100a2: OAdd_At t r _SKJa3: OSK10

Fig.[4M DL [Specifi cation(of Thelmoti vatingléxampl e
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Languagellssues.[Originally,Wellisedfol$pecifyThelsemanti cslof [activitiesivith[]
SQL [Statements.[$til |, [@ thoughldl ear[and[easy[folvri telandlinderstand, (BQL [isTather 1
hardolliselif Conelisoperformitewritingland[¢ompositionof (dtatements. [T hus, ivel
havelSupplementedSQL Wwithl DL [[I7],[@lbgi c-programming, [decl arati vellanguagelas[]
thelbasi slof [ourScenarioldefinition.IL DL [islaDatal oglVari antbased(dn@HHorn-clause’
logi c[that[supportsCtecursion,[tomplex CobjectsfandChegati on. [ n(theltontext[of [its(]
implementati onlin{@n(actual [deductiveldatabaselhanagement[System, L DL ++([112],[fhe]
languagehasbeenlé&xtended@olsupportléxternal (Functions,[¢hoice, [aggregation[{and
even, [User-defined@ggregation),pdatesiand(Several [0ther [features. T

InCgeneral ,[thereld sCal & mplelfuleforCtonstructingCyvalidCET L [scenarioslinCour [
setting. OForCeachUactivity, Cthelddes gner Cmust OprovideCthreelkindsUof Cprovider [
rel ationships:[{a) (A appi ngLof (Ehelactivity's[dlatalprovider(s) dolthelactivity'slinput]
schema(ta); [{b) (A mappi ngLof helactivity'slinput[schema(ta) Holdhelactivity'sloutput, [
al onglwith{aspecificationlof [thelSemanti cslof (thelacti vity({i .e.,[thel¢heck [/[dl eaningZ]
transformation/lval uelproduction(thatthelactivity[performs),@nd{c) [Amappingfirom
thelactivity'sCbutput[schemal towardsthe[data consumer Cof (thelbctivity. [(Several [
integrity(donstrai ntsidomela ongwiththi sisimpl elduideli ne; for Tack [0f [Spacelivelefer [
thelinterestedreader [fb(]110] for furtherlihs ght. i g.[4shows[thelll DL [program(for [6ur [
motivatingléxample.[]

3.0emplatesifor [ETL [@ctivities]

I nfthi s{$ecti on, (ivelvil | [present[theltnechani smor [éxpl oi ti ngHempl ateldefi nitionsCof [
frequently[isedET L Cactivities.[T helgieneral [framework[or [heléxpl oi tati onlof hese[
templ atesiill Belaccompani edwithfhelpresentati onlaf Thelanguage-rel atedlissueslfor [
templ atelthanagement(andl@ppropriateléxampl es.IT

3.1[Gener al[Framewor k

OurphilosophyCdluri nghel¢onstructi onlof [our (inetamodel tivasibased[onEwolpillars:[
(a)[genericity,lile., helderivati onlof (@S mplelhodel , [powerful bGaptureliteal l y@l | Thell
cases[Of [ET L [Activitiesland({b) extensibility, ile.,fhelpossi bility [0f [@xtendi ngheuilt-
infunctionality[0f ThelSystemwith[new, ser-specificliempl ates.[

ThelgenericitytoctrineClaspursuedthroughtheldefinition[of Ca tather (5 mplel
activityiinetamodel , [as[dlescri bedln[Bection2. [Htill,[providing@Lsi ngl elinetacl assflor
all thelpossibl elactivities[of ([AnET L [énvironment(ishoteal | y [énoughlfor [theldesigner [
of fheloverall (process.[A i cher[(anguage” [shoul dbelavail abl e, [in[order [Holdlescribel
thelStructurelof [helprocesslandfacilitatelits[construction. T olthisiénd, livelprovidela]
pal ettelbf (templ atelCactiviti es,[Whi chCareBpecializationsCbf [the[henericCimetamodel [
class.[]

ObservelFig.[Bfor @further [éxpl anati onlof [our [framework. [T hellbwer Tayer [0f (Fig.O
5,[hamely[BEchemallayer,[nvol ves Al $pecificlET L [scenario.[LAll helentitiesCof (thed
SchemalllayerOaredinstancestof (theclasses[IDat all Type,[0Functi onO Type,O
El ement aryOAct i vi t y,[Recor dSet [@ndRel at i onshi p.[Thus,[@sldneldan(Seelon]
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thellipper [part[of (Fi g.[5, velintroduce @ ineta-classlllayer, lhamel y[Metamodel (Layer [
involvingihel&f orementi onedl ¢l asses.[T helli nkagelbetweenihelIM etamodel Landheld
Schemalllayerslisiachi evedihroughlinstantiation[{"I nst ancef ") el ationships.[Thell
M etamodel [Tayer [implementsthel@f orementi oneddienericity [desi deratum: [fheldl asses]
whichlarelinvolvediinihelM etamodel (llay er Carelgenericlénoughiolmodel any (ETL O
scenario, throughlthe@ppropriatelihstantiation.

Datatypes Functions

Elementary Activity RecordSet Relationships

ZAN

7
/Metamodel Layer AN N

3
VAU \ \\
\ \ IsA

\ |

Domain Mismatch, Source Table

Provider Rel

> -
NotNull \\\ SK Assignment /- Fact Table A
g /
AN AN > L\
\ N % \

Template Layer

Semwe

Schema Layer D

InstanceOf

Fig.BTheletamodel for fhellbgi cal [éntiti esiof fheETL [environment[]

Still, veldandolBetterfhanfhelsi mpl elprovisionlof [@eta-[@nd@nlihstancelayer. Ih(]
orderfolakelburimetamodel (rul y(liseful (for [practical [tasesCof (ET L [activities, lvel
enrichlitiwith[@Set[of (ET L -specificldonstructs, Whichldonstitutel@subset [of (Thelllarger
metamodel (Tayer,(hamel yBhe[Templ atellLayer.[T heltonstructsiinthe[T empl atelllayer]
are[&l solimeta-classes, [but[they@reltuiteltustomizedfortheltegul ar [taseslof (ETL
activities.[T hus, [fhel¢l assesiof (helT empl atellayer [as[$pecializations({i .e., [Subclasses) (]
of [thelgeneri clcl asses[of [ThelM etamodel Tayer [{[depi cted(asl s A” el ationshi pslinFig.[]
5). [T hrough(thi sléustomi zati onechani sm, Theldesi gner [dan(pi ck fhelinstances(of [the[
Schemallayerfrom[anuchi cher [pal etteldf [constructs; [inhi s[$etti ng, Theléntiti eslof
theOSchemaldlayerCarellinstantiations, OnotClonl y Clof CtheOrespectivecl assesUof Cithe™
M etamodel Thyer, But(al solof [thei r[Subcl asseslinthelT empl atelbyer.[]

Inhelexampl elof [Fig.[bXhelconcept (DW PSCmust[belpopul atedFromCa tertain]
sourcelS,. PS.[$everal [Operati onsiustintervenelduri ngthelpropagati on: foréxampl e,
checks(forhull Wal uesfandldlomai nViol ati ons, [Ashivel | (s surrogatelkey [assignment ]
takelplacelin@hel$cenario.CAsLoneltanlbbserve, [heltecordsetsihat akelpartfinihisC
scenariol@relinstanceslof [¢lass[Recor dSet [{bel ongingolihelmetamodel layer) @ndC
specificallyCof DitsOsubclassesISour ce [Tabl eCanddFact (OTabl e.0lnstancesTandC
encompassingltlasseslarelTelated throughOinksof (type nst anceOf .[0Thelsamel]
mechani smlapplieslibl(all thelactiviti eslof (thelScenari o, whi chlarel(a) ihstances(of (¢l ass[]
El ement ar yOAct i vi t y [@nd[(b)ihstances(af[Oneldf itsiSubcl asses, [depi cted(ih(Fig. (5.0
Relationshi psCdolhot[éscapeltheliul eleither: [dbservelhowhelproviderdinksfromthel]
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concept1S1. PSOtowardsthellconcept(1DW PSOarelrelated1tolIclassCIPr ovi der O
Rel at i onshi plfhroughlihel@ppropriatellnst ancef dinks.

Asfar[as[theltlass[Recor dset CisCconcerned,[inthedT emplate[layer el tan]
specializeldt[tolseveral [subcl asses, ChasedJonCorthogonal Cicharacteristics, OsuchCas
whetherit[is@filelor[RDBM Sliabl e, [6r Whether it [islaSourceldr farget[datalstorel(asind
Fig.[).Inftheldaseldf theldlassiRel at i onshi p,[Therelisaldl ear(Specializationlinferms]
of [fhelfi veldl asseslof (el ati onshi psiivhi chhavelal ready (bheeninenti onediin[Section[2: [
Provi der ,[Part - O ,[Inst ance- Of ,[Regul at or @ndDer i ved[Pr ovi der .0

FollowingOtheOsameOframework,dclassUEl ement aryO Act i vi t yOisOfurtherO
specializedolanléxtensi bl el$et[df (feoccurringpatternsiof (ET L [activiti es, [depictedin]
Fig.[6.(\Wenow(present(éachlof [thelaf orementi oned(dl asseslinimoreldetail.[Asidneldan]
seelon(fhelfoplsidelof (Fig. [, velgroupihefempl atelactivitieslinfivelaj or logical [
groups.(Weldolnot[depi ctfheldroupi nglaf [Activiti eslin[Subcl asseslin(Fig.[3,[in[order o]
avoidOdoverloadingOtheOfigure; Oinstead, Dwelldepi ctthe[lspecialization of Clclass]
El enment ar yOAct i vi t y[tolthreelof [itsCsubcl assesiiwhoselinstancesCappear[inthed
empl oyed(Scenarioldf the[Schemallayer.[]

Theirstlgroup, hamedTFilter s,[providesl¢hecksforThel3ati sfacti on[{orhot) [of (A
certainCtondition.[ he[semanti csCbf [theselfiltersCare thelbbvious{starting[fromCall
genericlsel ect i onconditionCandOproceedingCtolthellcheckforCnul | Cval ues,O
pri mar yCor[f or ei gnlkeyO vi ol at i on,Cetc.).C0TheldsecondOgroupUof Ctempl ateld
activitieslis[¢alledWnary[Operationsi@ndéxcept forBhelost[denericlpus hactivity [l
(which(simply[propagatesldatalfromihelproviderRoliheltonsumer),[tonsi stsLof [thel]
classicallaggr egat i on[@nd[ unct i onOappl i cat i on[operationsialonglvithThree
datal] warehousel] specificl transformationsC] (surrogat ed key[ assi gnnent ,[]
nor mal i zat i onCandCHenor mal i zat i on).OThelthirdCgroupltonsi stsCbf [lassical [
Binary[@perations,Such@slini on,[loi n@nd(di f f er encelof(fecordsetsactivities@s]
wel l Cas[with[@$peci al [taselof [differencelinvolvingtheldet ect i onOof Oupdat es.O
Except[Tor[the[af orementi onedtempl atelactivities,CwvhichCmainly Crefer[tological [
transformations, ivel¢an(2l sol¢onsi der[Thel¢aselof [(physi cal [dperatorsthat [fefer [fofhe
applicationlof (physi cal (fransformati onsolwvhol effiil es/tabl es.[InEheET L [¢ontext, ivel]
areldmainly[interested (i nCoperations{ikedTransfer (Operations()(f t p,Cconpr ess/ O
deconpr ess,[éncrypt / decr ypt )[@nd[File[Operations{EBCDI Clt o0ASCI | ,[Sort O
file).l

o
[FiltersO Unary/(dperations’ Binary(dperationss
- OSel ection( o) O - OPushO - 0Ouni onO(UY) O
- ONot Onul | O(NN) O - OAggr egat i on)( y) O - [Joi nY ><) O
- OPri marylkeyO - OProjection{m0O -0ODi ffO(A) O
viol ati on} PK) O - OFunctionbapplication(f)O - OUpdat e[Det ect i onC( AUPD) O
- OFor ei gnlkeyO - OSurr ogat e[key[assi gnnent [J( SK) O .
viol ation(FK) O - OTupl eCnor mal i zati on(N) O Transfer [Operationsl]
- OUni quelval uel( UN) O - OTupl eCdenor mal i zati on(DN) O - OFt pL(FTP) O
- ODomai nJ . . - OConpr ess/ Deconpr esslJ
[ smat chry DM O FileOperations] ‘ (z/d2) 0
0 - OEBCDI Ct oJASCI | Cconver si onld - OEncrypt / Decrypt O( Cr / dCr) O
(EB2AS) O
. -OSort Of i | e Sort) O

Fig.BTemplatelactivities,d ongwiththei r[graphical otationSymbol s, [groupedBbydategory ]

Summarizing, ThelM etamodel Tayer(is@Set[6f [deneri cléntiti es, [Ebl elfbepresent@ny
ETL Oscenario.JAtOthelsameti me,(thellgenericityOof OthedM etamodel OlayerisCl



(MM

complementediwi thitheléxtensibility 0f TheTempl atellayer,Mhichlik@Set [0f Mbuilt-in” O
specializationsCof [(thelentitiesCof (the[M etamodel (ayer, (pecificallyRailoredforthe[]
mostfrequentél ementsiof (ET L [Scenarios.[Moreover, @partfromithisfbuilt-in” ,ETL-
specificCextensionof (theChenericCmetamodel ,[if (theldesi gner Cdeci desthat [several [
‘patterns’,[hotliincl udedlinthelpal ettelof (The T emplatellayer,[dccur epeatedly [inthisC]
datalwarehousi nglproj ects,(heldanleasi 1y it fhemlintofheldustomizabl eTempl atellayer ]
throughlalSpecializati onlthechanism.O

3.2[For mal Definition@ndWsagelof [TemplatelActivities[

Onceliheliempl atellayerthasbeenlintroduced, Ihelbbviouslissuelthat[is tai sedlisits]
linkagelWith[ihelémployed(tleclarativellanguagelof Cour [(framework.[In[general ,[thel]
broader [issuelisfhellisagelof (fhelflempl atelinechani smfiromthelliser; folthi sténd, iivel
will[éxplai nthelSubstituti oninechani sm{or [fempl ateslin(thi s[Subsecti onlandrefer [the
interestedlfeader [Ho[A ppendix[A Hor B presentati onlof [Thel$pecificliempl atesfhat ive
haveldonstructed.[

AlTemplatelActivitylisformallydefi ned@slfol lows: [

—[Name:[@lniquelidentifierfor thelfempl atelactivity.[]

—[Parameter [ILi st: [ set[of ameshivhi ch&ct [&sliegul atorslinfhelexpressi onlaf [the]
semanti csLof [the[templ atelactivity.[ForCexampl e, (thelparametersCare ised(tol]
assi gnlval ueslibldonstants, [Greateldynami citappinglatihstanti ati oni me, [étc.]

—[Expression: @ declarati vel$tatementdescribi ngiheldperati on(performed by Thel]
instancesCbf (the[templatelactivity. CAsCvithCelementaryCactivities, CourCmodel
supportsill DL [@sthelflormali smifior fheléxpressi onldf [thisStatement.[]

—[Mapping: [ASet[of Bindings, tappi nglinputfbloutput [@ttri butes, (possi bl y through[l
intermediate[placehol ders.ClnCheneral,CmappingsCat[theltemplatelevel (iry[toll
capturel@ defaultDivay [of (propagati nglincomi nglal uesiiromthelinputowards]
the[outputschema. [T hese[Tdefaul tThindingsCareeasily CrefinedCandCpossibl y [
rearranged(atihstantiationfi me.IT

Thellempl atelimechani smOveluiselisCA $ubstituti onCechani sm, hased[onmacros,[]

thatCf acilitatesOtheJautomati cCcreati onClof OL DL Ocode. T hi sCisi mplelnotati onCland O
i nstanti ati onechani smper mitsiheleéasy[and[fasttegi strationlof (L DL [Eempl ates.[dn]
thelfestlof [Thi s[$ection, ivelvil | (&l aboratelonThelhotati on, [instanti ati onCmechani sms[]
and(iempl atelfaxonomyparticul arities.(]

a

3.2.1Mlotationd

Ourtemplate[hotati ond sCal ki mpl el anguagel T eaturi ngCf our Cmai nCimechani smsCfor [
dynamicCproductionCbf (L DL Cexpressions: [{a) [variabl es thatCarelteplacedCbytheir]
val ueslatinstantiati on(fi me; [{b) [Afunctionlthat (feturnsithelaritylof [Anhput, [butputor
parameter [Schema; [{c) oops, livherelfhellloopbody[isfepeated(at [instanti ati onfi melas]
many [{i mesiasitheliterator(donstrai nt{defines;[@nd, {inal ly, [{d) [Reywor dsitb(si mplifythel
creation(of [tini quelpredi cateland(attributeliames.]

m
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Variables.[Welhavefwolki ndslof Wari abl eslinfhefempl ateltnechani sm: [parameter [
variabl esland(Toopliterators.[Parameter fari abl esiarelinarkediwvithE@symbol &t their O
beginni ngland(they(arelrepl aced by [Uiser-defi ned[al ueslat [instanti ati onlfi me. [A [i st{of [
anCarbitraryengthCof CparametersCtanCbeltefinedCwith[the[hotationCigpar anet er 0
name>[ ] . OFor[SuchlistsitheluserhaslioleéxplicitlylorimplicitlylprovideiheirTengthat ]
instanti ation(fi me. [0l copliterators,[@nithelother (hand, @relimplicitly[definedlihthelbop]
constraint.[DuringCeachoop(iteration, @l | the[properlymarkedappearances of (thel]
iterator(intheloopody@relfiepl acedy[itsicurrentWal uel{si mil arly fofhelway [thelC]
preprocessor [dreats#DEFI NE[Statements). [teratorsihat @ppear (markedinfoopbody ]
arelinstanti atedéveniWhen(they@rel@part(of [Another [Stringlor [of [V ari abl elhame. (Well
marksuchCappearancesbyCencl osingOdthemOwith(s. 0T hisOf unctional ity Oenabl es]
referencingl@l | (fhelVal uesiof (A parameter i stfandfacilitatesfhel¢reation@nlarbitrary (]
number [0f [pre-formatted(strings. Il
I

Functions..Welemploy&lbuilt-in[function,lari t yOf ( <i nput/ out put / par anmet er O
schena>) ,[Whi chleturnsiihelarity[of (Thelfespecti velschema, [inai nl y lin[order [foldefine[]
upperBoundslihlbopliterators.[]

O

L oops.[L oopsCarel B powerful Cimechani smthatCenhances the[Tgenericity Cof [the[
templatesC byl owingtheldesigner[tolhandleltemplatesCvithClinknownChumber Cof [
variablesandlwith{uinknown(arityforfhelinput/output(Schemata.[T helgeneral [formlaf [
loops(isT
O

[ <si npl econst r ai nt >] [ (I oopCbody>[} O
O

whereldi npl eCconst r ai nt Chastheflorm: [
O

<l ower Cbound>[kconpari sonCoper at or >[Ki t er at or >[kconpar i sonCoper at or >0
<upper Dbound>[

0

Weltonsider[only[inear [increaselWith[$tepleéqual (o1, [$incelhi sfseemsiolcover ]
most[dases.[Wpper OboundTandlower OboundOcanelarithmeti cléxpressionslinvolving
ari t yof () functionléalls,[Wari ables[and[¢onstants.[V alid(@ri thmeticloperatorsiare,-
J * [@ndvalididomparisonl@peratorsiarels,>,=, T8l | wi thfhei r isual [Semanti cs. [If Mower [
bound sComitted, 000 sCassumed. CDuri ngCeachC terati on, Ctheld oopChody Cwil | Cheld
reproduced@ndihelSamelii melal | Thelmarked@ppearancesiof thelloopliterator hivill el
replacedBylitsicurrentival ue, @sldescribedBef ore. Il oophestinglikpermitted.[]
0

K eywor ds.[K eywords(arelusedlin(orderforefer folihput@nddutputiSchemas. T hey [
providetwoOmai nCIf unctionalities: [(a) Cthey Osi mplify OthelreferenceltoCthellinput O
output/schemalby Uisi ng(Standardnames(flor [thelpredi catesiandthei rattri butes, [@nd({b) O
they[&llow(ihei rtenami nglat[instanti ation(i me. [T hi sfisLélonelin[$uch@way[that[ho[]
differentpredi catestwiththe[samelhamelill Cappear [inthel$amelprogram, @ndChol]
differentG@ttri butesivithhel$amelhamelvil | ppear [in[{he$ameltul e. (K eywordsare[]
recogni zed[éven(if (hey [relpartsiof @nother [3tring, Divi thout (A $peci al Chotation. [T his(]
facilitatesCalhomogenoustenami ngLof Cmul ti pl e[di stinct D nput CschemasCat (iempl ated
level,RoCmulti pl eldi stinctCschemasCat [nstanti ati on, (Wi th (&l | Cof (RhemChavingCuniqueld
nameslinihell DL [program(scope. [Forléxampl e, [if Thelflempl atelisléxpressedlinermsC]
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of (iwoldlifferentlinput[Schematala_i n10and[@_i n2,[&tlinstantiationdi meheyOvill el
renamedtoldri_i n1CandCdr_i n2sothatCthelJproducedCnamesCiwill Cbheluniqueld
throughoutthe(scenari olprogram. 1 n(Fig. (7 Oveldepi ct thelCwvay [therenamingCi s
performed@tlinstantiationfime.(]

0
O
Keyword[ Usagell Example
u Auiniquelbamelfor fheldutput/inputSchemal] U
E—O‘“ . of 0 thel activity.[ Thed predicatel] that[Jis[] %' fferences_outh
a in0 producediwhen(thi siiempl atelilslinstantiated[] i £ er ence3 i n0
B hasEheform(ID -
a
<uni que_pred_nanme> outd  (or,0  _in[]
respectively)O
[l
u A_OUT/ A_I NisOusedfor CconstructingCthel) O
S—OUTD namesbf theh_out / a_i nChttributes.[OThel] B' FRERENCES_OUTD
A IND names(producedfiaveltheform:] DI FFERENCE3_| NI
O
<predi cated uni qued nanmed in0O upper
case>_ouUtrior,0_I NOrespectively)d
0

Fig.KeywordsforTempl atesT]

3.2.20nstantiation
Templatelinstantiati onlisfhelprocessivhereltheltiser [deci desiolpi ck@derta nfemplate]
and(dreatel@ldoncretel@ctivitylout[of [it. (T hisiprocedurelfequi resthat fhelliser [Specifies]
thelschematalof (thel&ctivity Land[givesL toncretelVal ueslioltheiempl atelparameters. [
Then,Thelprocessiof [produci ngthelfespectivelll D L [descri ption[of (Thelacti vityisléasiy [
automated. Minstantiati onldrder [islimportantih[our [fempl ateldreati onlthechani sm, Since, [
adlit[¢anleasi |y heen[$een@romIhelhotati onldefinitions, [dlifferent[brdersi¢aneadfo]
differentfesults.[T helihstanti ation(Order islas(ibl | ows: T
1.0 ari t yOf () Dunctionsfandparameter Wariabl es@ppeari nglindoopoundarieszrel]
calculatedfirst.T
2.0 Loopproductions@reldonedy[instanti ati ngfhe@ppearanceslof [Theliterators. [T hisO
|eadsiblintermediatelfesul tsiwithout@nybops.[]

3.0 Alllthelfest[parameterariabl eslarelihstantiated. I
4.00 Keywordslarelrecogni zed@ndrenamed. [

a

Welwill irytolCexplainChbrieflytheld ntuitionChehi ndthi sCexecutionCorder. [T held
reasonsCvhy (step[{1) Cproceedsitep{2) Carelbbvious, [ooplboundariesChaveltolbel]
cal culatedbeforelloopCproducti onsCareldone. [ oopsLonthelbther(hand, (haveltolbell
expandedCbeforelparameter CvariablesCarelinstantiated, [ f CwelOwant [toCbel bl e[to]
referencelli stslof Wari abl es.[T helonl y[éxcepti onfolihi slisihelparameter Wari abl esithat [
appear [infheloopboundaries,fivhi chhavefoeldal cul ated i rst.[N oti celhough, [Ehat [
variableist[elementstannotCappear [ nCtheld ooptonstraint.[(Finally, BveChaveltod



([T

instanti ate[ari abl esCbef orelkeywords[s ncelVari abl esCarellised(iolcreatelal dynamicll
mappi ngBetweenlthelihput/outputSchemata@ndother[&ttributes.

Fig.080showsallsi mplelexampl elof Otempl ateli nstanti ationCf or CtheIfunction
applicationCactivity.[0T oCunderstandtheCoveral | CprocessCbetter, [firstCobservel thell
outcomelof(it,lile.,[thelSpecificlactivity Whichlikproduced, @sldepi ctedlinthelfinal (fow]
of [FFi g.[8, Mabel ed K eywor dienaming. [T heloutput[Schemalaf (thelactivity,[fa12_out 00
istthelthead(of (Thelll DL [ful efhat[$pecifiesthelactivity. [T helbody [of [thelful e[Saysthat (]
theloutputtecordslarelspecifiedbyHheltonjunctionlof [Theol lowinglelauses: [{a) (The[
inputschemallf al_i n,0(b)CthelCapplicationCof Cfunctiondf 1 CoverCthellattributes
FA12_I N_1,[FA12_I N_2[Candtheproductionof Calval ueClOUTFI ELD,Cand{c)thed
mappi nglof [Thelinputfoltheiespectiveloutput@ttri butesiasi$pecifiedlinihellastthreel]
conjunctsof thelrule.(]

(T heffiirstow, [Template, [Showsltheliniti al fempl ate@slit (hasbeen(fegi stered by the
designer.[@uncTi oNohol dslthelhamelof (fhefuncti onolbellised, [ 1 [inlour[¢ase, [@nd]
thel@PARAM ]| O holdstheldnputsCof [the[function, CwhichinCburCtaseare the twoll
attributesiof fhelihput(Schema. [T helattri butesiof theloutput[SchemalarelSpeci fi ed By [thel]
expressionJi <arityOf (a_i n) +1] { A_OUT_$i $, } OUTFI ELD.0n(@Similar{fashion,O
theattri butesof (thell nputCschemalandtheparametersof [thefunctionCarelal so[]
specified; otelfhattheléxpressionfor fhellbst @Ettri butelinfhelli stisdifferent[(to@avoid]
repeati ngCanCerroneousL comma).[T helCmappingsCbetweenthelinputCandtheloutput]
attributesarela solshownlintheasttwolinesCof [theltempl ate.[In(the$econdfow, ]
Parameter [instanti ati on, Wweldan(Seefiow(thelparameterVari abl esiwerelmaterial i zed(at (]
instanti ati on.dnfhelhi rdMow, OLooppr oduction, el ¢an3eelfhelintermediatelfesul tsC]
afterfhelloopléxpansi onsiareldone.[Aslit[danleasi |y [belSeenfheseléxpans onsinust el
donelbefore[tT@?PARAM ] [vvariablesCarelteplacedbytheir[Val ues.[0nthefourthCrow,
Variableldnstantiation,the[Jparameter Cvari ablesThavebeenl nstantiatedcreatingCa]
defaultfmappi ngbetweenthelinput, Theloutput [andThefunctionlattributes.[Finally,[in0]
thelstfow, Keywor diflenami ng, fheloutput[l DL [odeliklpresentediafter fhelkReywords[]
are(tenamed. (K eywordCinstantiationCisCone[onthelbasi sLof thelschematalandthe
respectivelattributesiof thelacti vityfhatfheldser[dhooses.[

O

3.2.3[Maxonomy: [Simplel@and[Program-Based (T emplates[]

M ostClcommonlyOusedUCacti viti esTcan[belJeasily Clexpressed oy Clal s ngl eCpredi catel
template; [t [Islobvious, Though, That it iivoul dlbeleryinconveni ent[folfestri ct@Ectivity [
templ atesto[singlelpredi cate[ones.[OT hus, Cwelseparate templ ate[activitiesCinCtwol]
categories,[H mpleTemplates, ivhi ch[tover [$ingl e-predi cateliempl atesl@ndProgram-
BasedTempl atesiwherelfnany [predi cates@reltisedlinthelfempl ateldefinition. [



Template
Ca_out ([i<arityO (a_in)+1]{A QUT_$i $, } OOUTFI ELD) (k- O
OCa_in([i<arityOf (a_in)]{A_IN_S$i =farityO(a_in)]{AINSIS$}),O

i
OO@UNCTI ON([ i <Oari t yOF ( @PARAM $i

[i
$ ) +1] { @ARAM $i $] , } OOUTFI ELD), O
OJi<arityOf (a_in)] XA OUT_$i $=A IN $i $,}0
OJi=arityCOf(a_in)] XA OJT_$i $=A IN $i $}.

Parameter Instantiation
O0@ UNCTI ONCEf 10
OO@ARAM 1] =A I N 20
OO@ARAM 2] =A | N 30
LoopmroductlonsD
OCa_out (A_OUT_1, 0A OUT_2, UA OUT_3, OOUTFI ELD) <- (O
N2 0AIN3),O0
] OUTFI ELD), O
=A IN 2, A QUT_3=A IN 3.0

0o,
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2
|’_>
Z|
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’;|
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N2DAC1JT3AIN3D

K eywor d(Renaming(]

Of al2_out (FA12_OUT 1, OFA12_OUT_2, OFA12_OUT_3, OOUTFI ELD) <- O
OFal2_in(FA12_IN 1, FA12_IN 2, OFA12_IN 3), O
O0f 1( FA12_I N 2, OFA12_I N_3, OUTFI ELD), O
OOFA12_OUT_1=FA12 I N 1, OFA12_OUT_2=FA12_I N 2, (FA12_OUT 3=FA12 IN 3.0

Fig.[BlInhstanti ationprocedure]

0

I nltheldaseldf [H mpleTempl ates, theloutput (predi catelisboundiothelinputfhrough]
altnappingl@and@nlexpressi on.[Eachlof [fherul esfor [dbtai ni ngEheloutput [iséxpressed]
inCtermslof [thelinputCschematalandthelparametersCof (thelactivity. [ n(theltaselof
ProgramTemplatestheloutput(of Thelactivitylisléxpressedlinfermslof itslintermediate]
predicatelschemata, [asivel | [as(its[input[Schemataandlitsparameters.[Program-Based]
Templ ateslarellisedfoldefinelacti viti es[that[émpl oy [¢onstrai ntsi keldoes-not-belong, [
or[does-not-exi st,vhichCheedCanli ntermedi ateChegatedTpredi catel TolbelExpressed]
intuitively.[T his[predicatellisual | y[describestheldonj uncti onlof [properti esiivelilvant ol
avoid,[@ndihen(it@ppearsinegatedinfheloutputpredicate.[Thus,inlgeneral ,ive@ low]
theléonstructionlof (Al DL [program, fwithlintermediatelpredi cates, [in[order [folenhance
intuition.JT hisOclassifi cati onCli sCorthogonal Citol ogi cal Conellof OSectiond3.1.CIT his
classificationliklorthogonal [ib{Iogi cal ([0neldf [Section(3.1.00

U

SimplelTemplates.[Formally, khel&xpressi onCof CanCactivity (whichlis[basedon[a]
certainl€i mpl elfempl atelisproducedBy(aSet [0f [lul esiof Thelfiol | owi ngform: 0

OUTPUT( ) O<- O NPUT( ) , TEXPRESSI ON, CIVAPPI NGO

wherelll NPUT( ) , QUTPUT( ) [denotelfhelfull (expressionlof fhelfespectivelschemata; [in(l
theltaselof (multipl elinput[Schemata, [ NPUT( ) expressesiihel¢onjunctionlof [Ehelinput
schemata.[MAPPI NGCdenotes[any inappi ngbetween(thelinput, [butput, Bndlexpression]
attributes. JA Cdefault Cmappi ngCcanCbelexplicitly Cdoneat [thetempl atellevel , [y
specifyinglequaliti eslbetween(attri butes, ivhereltheldi rst@ttri butelof helinput[$chemal
isCmappedioltheldirstCAttributelof (iheloutputC3chema, thel$econdioltheltespectivell
secondConelandCsolon.[AtLnstantiationiime, Rheluser [tan[changetheselmappingsC]



([T

easily, [especial lylinthelpresencelof thelgraphical linterface. INotel@l solthat [despitethel]
fact@hat[L DL (&l lowslimplicitCmappi ngstby [gi vi nglidenti cal (hames(folattributesthat
mustbeléqual ;[durldes gnlchoicelWasliblgiveleéxplicitiéqualitieslihldrder foSupporthe
preservation[of (theChames bf (thel&ttri butes bf (theld nput CandCoutputCschematal st
instantiation( me. Il

Tolmakelbursel vesklear, Owelwill Cdemonstratel theusagelof [simple[Xempl ate]
activitiesthroughCan[&xampl e.[Buppose, [thus,[theltaselof (the[Domai nOM smat chld
templatelactivity, [theckinglWhether the[val uesfor (&l certai nCattri buteFall (i thin[al]
parti cular(fange.[T he[tows that [abidelbytheltul elpassiihel theck [performedibythel
activity@ndfheyl@relpropagated(ibiheldutput.]

d

a out([i<arityOr(a_out)]{A QUT_$i$, }[i=arityO(a_out)]{A OUT_$i$})0O
<-0
Ca_inl([i<arityOf(a_inl)]{A INL_$i$, }0O
T | Ofi=arityO(a_inl)]{AINL_$i$}), O
E @1 ELD>=@Xl ow, O
g @ ELDx=0@xhi gh, O
[i<arityOf (Ca_out )] O{A OUT_$i $=0A INL_$i $, O
i=arityOh(Ca_out )] { A OUT_S$i $=CA I N1_$i $} O
.0
O
0@ ELD=A_I N_30
2 % (0@ ow =50
g % 00@xhi ghC=1100
e £
g =
[%2]
c
dML_out (DML_OUT_1, ODML_OUT_2, CDML_OUT_3, CDML_OUT_4) (k- 0
AML_i n(DML_IN_1, ODML_IN_2, ODML_I N 3, CDML_I N 4), O
E) OODML_I N_30>=5, CDML_I N_3<=10, O
%‘ OODML_QUT 1=DML_IN 1, O
3y | OODML_OUT_2=DML_IN_2, O
OODML_OUT_3=DML_I N_3, O
OODML_OUT 4=DML_I N 4. [0

Fig. O mpleTemplatelExampl e: DomainMismatchC

ObservelFig.[9,0Wwhere[ivelpresentCanCexampl eCof [the[definitionof Cal templ atel]
activity@ndlitslihstanti ationlih[@doncrete@ctivity. [T helfirstidowlinFig. @Qldescri besthe
definitionlof [helflempl atelactivity.[T herel@relfhreelparameters; (@1 ELD,{or{hefieldC
that[Will (bel¢heckedCagai nsttheléxpression,[@X owlandl@xhi gh{orihelower[@ndC
upper i mit(of(Acceptabl elal ueslfor [attributel@1 EL D.[T heléxpressionlof thelfemplatel
activitylis[alsimpl eléxpressionlguarantee nglthat (@1 EL DOwvill belwvithintheSpecified
range. L et CusOsupposethat CtheClactivity Cnamed DML Omateriali zesCthetempl ates]



(MM

parameter s{ihat [@ppear [infhel$econdtowlof (Fig.[D,.e.,[$pecifiesthelattributeldver ]
whichiheltheckWill Cbe[performed{A | N_3)[and(ihelactual (fangesforthisCcheckd
(5, 10).0rhelthirdrowCbf [F g. [(BBhows thelfesultinglinstantiationCafter Ckeyword
renaminglisCtone.[T hel&activity[includesCanlinputCschemaldml i n,[WithCattributesd
DML_IN 1, [DML_IN 2, ODML_I N 3, ODML_I N_4[andCan[outputSchemaldnd_out O
with@ttributesODML_OQUT 1, ODML_OUT_2, ODML_QUT_3, ODML_QOUT_4.[Inhisl¢ase]
the[parameterJar1 ELDO mplementsCadynamiclinternal CmappingCnCthetemplate, [
whereas(thel@! ow,[@i ghlparametersiprovideital ueslfor [donstants.Thelmappingfrom
thelihputibheldutputlisihardcodedlihfhelfempl ate. ]

O

Program-Based[Templates.[T hel¢aselof (IProgram_Based[Templateslisi3omewhat [
moreleompl ex, & nceltheldes gner[Wholtecordstheliempl ateltreatesimorelthanConel]
predicatelfbldescribeltheactivity. T hislisltheldasellisual | y[6f [0perati onsiwherelelvant [
toOverifythat[someldatal dohotChavel“al tonj unction[bf (certainCproperties.[ISuch]
constrai ntsiémpl oy hegati onlfblassertthat@fupl eldoeshot(Sati sfy [@predi cate, vhi chlis]
definedlinfivay fhatl(itfequireslthat theldatalthat[Sati sfy (it (havefhelproperti esiivelivant[]
tolavoid.[BuchlChegati onsl tan[belexpressedby imor e[ thanConeltul es,[(forthelsamel]
predicate, that[@éachlfegatesjustionelproperty@ccordingibthellogical [fulel=( OgapD) O
=0-qOvO-p,butlitOshotintuitive.[Thus,lnlgeneral ,liveldl | owlhel¢onstructi onlof A
L DL Oprogram, CwithCintermedi ate[jpredi cates, [inCorder CtoClenhancelintuition. OFor [0
exampl e(theldoes-not-bel ongltel ation,[WhichlistheededlinthelDi f f er encedactivity[l
template, Cheedslalsecond[predicate[olbeléxpressedlintuitively.[1 etCus[seelin(imore]
detail thelGaselof(Di f f er ence.[DuringfheET L [process, [0nelof thelveryirstasksthat]
welperformlistheldetecti onlof (mewlylinserted@ndpossi bly[Uipdatedfecords.[Wsually, [
thisfis[physically[performedby [thel¢omparisonlof [Ewolsnapshotsl{oneltorresponding ]
tolfhelpreviousléxtractionf@ndIhelother[Holthelcurrentlone).[T ol¢apturelthi siprocess,[
welintroducelalVari ati on[of [Thel¢l assi cal (el ati onal [differenceldperator, ivhi chl¢heck s
forléqualitylonlylon[altertai n[3ubset [of [Attri butesCof helinput fecords. [A ssumelfhat [
duringlthelextracti onfprocessiwelwantfoldetectfhelhew!yinsertedfows. T hen, [if [PKIiS]
thel$et[of [attri butes[ihat [luni quel yOldenti fytowsl{in(theltol elof A primarykey),The
newly[insertedfows ean[befounddromiihel&xpressionCh pis( RyewR) - heformal 0
semanti csClof Otheddi fferenceCJoperator JarelJgivenOby CtheDfollowingUcal cul us-like
definition:[dca; as( R®) = xeR| =3y eS: IX[ A] =y[ Al A-.ax[ A =y[ A }.O

a



Tenpl at el

a_out([i<arityOf(a_out)]{A OQUT_$i$, }[i=arityCf(a_out)]{A OUT_S$i$})<-0O
Ca_inl([i<arityOi(a_inl)]{AINL_$i$ }[i=arityOf(a_inl)]{A INL_$i$}), 0O
Oa_in2([i<arityOfi(a_in2)]{AIN2_$i$ }[i=arityOf(a_in2)]{A IN2_$i$}), O
(Fsemijoin([i<arityOfi(a_inl)]{A INL_$i$, }0

i=arityO(a_inl)]{A INL_$i$}),O

i<arityO (Ca_outD)] XA OUT_$i $=CA INL_$i $,} O

i=arityOf (Ca_out )] {A OQUT_$i $=0A IN1_S$i $} O

0o
O

semjoin([i<arityOf(a_inl)]{A IN1L_$i$, }0O
OO0 i =arityOf (a_inl)]{A INL_$i$})<-00
Oa_inl([i<arityOf(a_inl)]{AINL_$i$ }[i=arityOf(a_inl)]{A IN1_$i$}),O
Oa_in2([i<arityOf(a_in2)]{A IN2_$i$, }[i=arityOf(a_in2)]{A IN2_$i$}), DO
O <arit yOf O D@OMVON_I NLO) | Cf @OMVON | NL[ $i $] =@OVVON_| N2[ $i $] , } O
O i =arit yOf O( D@OMMON_| NLL) ] Cf @OMVON_| NL[ $i $] =@OVMON_| N2[ $i $]} O
00

O

Paranet er J

instantiationd

@OWDN_| NL_1=A INL_10
@OVMON_| N1_2=A | N1_30
O

@OVMON_ | N2_1=A | N2_30
@OVMON_| N2_2=A | N2_20
O

@OMVON_NUME=2[]

O

Exampled

dF1_out (DFL_OUT 1, DFI 1_OUT_2, CDFI 1_OUT_3) (K- O
O00dFL_i n1(DFL_INL_1, DFI1_INL_2, ODFI1_INL_3), 0
O00dF1_i n2(DFL_IN2_1, DFI 1_I N2_2, ODFI 1_IN2_3), O
O0-seni j oi n(DF1_OUT_1, DFI 1_OUT_2, ODFI 1_OUT_3), O
OOODFL_OUT_1=DF1_INL_1, 0O
O00DF1_OUT_2=DF1_IN1_2, O
O00DF1_OUT_3=DF1_IN1_3. 0

semjoin(DFL_INL_1, DFI1_INl_2, [DFI 1_I NL_3) (k- O
O00dF1_i n1(DFL_INL_1, DFI1_INl_2, ODFI 1_IN1_3), 0
O00dFL_i n2(DFL_IN2_1, DFI 1_IN2_2, ODFI 1_IN2_3), O
OOODFL_INL_1=DF1_IN2_1, O

O0ODF1_I N1_2=DF1_IN2_2, O

OOODFL_ I NL_3=DF1_IN2_3. 0O

Fig.[0MProgram-BasedTempl atelExampl e:[Difference
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InFig.[100Wel tan[seeltheliempl ate[bf (thelbi f f er encelactivityandaltesultingC
instanti ationforCanCactivityChamed [ F1. DA sCwvel tan[seelivelheed[(thelkeni j oi nO
predicatelsoWel can[éxcludel@l | [tupl esthat [sati sfyLit.[Noteldl solthat (el haveltwoll
differentlinputs,(ivhich@reldenoted@sldi stinct[by[addi ngiahumber @t Theléndof [Thel
keyword@_i n.O0

4.Implementation]

I nitheldontext[of [Thelaf orementi onedframework, Welhavelprototypi cal |y implemented [
algraphical [fool ,[ARK TOSI, With(theldoal [6f [fiacilitati ngtheldesi gnlof (ET L [Scenarios, [
based(on(ourinodel .[T helfiask [of (thelliser [isfoldef i nelthelacti vitieslof [thelScenario; [in[]
thisjob, Che/shelislgreat!y [assi sted[{a) by @ Friendly[GUI [{wherelal | theldletail sCare]
capturedfhoughfiormsand(poi nt-and-click[dperati ons), [@nd[(b) (by(alSet[of (Heusability (]
‘templates’.[Whereaslthelgenericityprinci plelis[Supported by thefactthat @ny@ctivity (1
of [our todel [dan(Bbelail ored by thelliser, [Theldustomi zati on[princi pl elisSupported by [
thelfeusabilitydemplates.[T helhoti onlof (templ ate’ fislinfhelheart[of CARK TOS 1, [And [
therel@relfempl atesfior[practical | y[@verylaspect(of [thelthodel : [datalflypes, functionsiand ]
activities.[Templ atesCarel&xtensi bl e, (thusCprovidingiheluiser [Withihelpossibility Cof (]
customizi nglthelénvironment(accordingliblhi s/her[0wnneeds.[Especial l y[for(activities,[]
whichformitheldorelof [Gurthodel ,velprovidelalSpeci fi cithenulwi thElSet [of [frequently O
usedETL [Activities.IM oreover, thelSystem(assi stslthelliser ih[Severa Wways:. [@partfrom(]
the[friendlyDGUI O(Fig.[02), ARk TOSDI | offersCizoom-in/zoom-outCcapabilities(al]
parti cularlyisef ul featurelinfheldonstructi onlof theldatalfl ow(of ThelScenariolthrough
inter-attributeCprovider’ Mappi ngsiZkseel@l solFFig.[2[@nd3) [@nd[Automaticldonsi stency [l
checksTortheltompl etenessCandCintegrity Cof (the[tlesign.CA Cdistinctivefeature[bf (]
ARrRkTOSH | [is[thel¢omputati on[of (Thelscenario’ sidesi gnldual ity by [employing(alset[of [
metrics[10] [&ither for fhelwhol elScenarioldr for[@ach@ctivity [Of [it.[]

ThelscenariosCarelstoredinCARKTOS | Crepository[{i mplementedCinCalTel ational [
DBM S); thelSystem(allowsthelliser [fb[store, [fetrievel@ndfeuselexi stingScenarios.[Al O
themetadatallof (thellsystemCi nvol ving[thescenari oClconfiguration, (theClempl oyed
templ atesiand(thei ridonstituents@relsStoredinihelreposi tory. T helchoi celof [Alrel ational [
DBM Silor [dur [fnetadatalfiepository(all owslitsléfficientlquerying@siwel | @sfhelSmooth]
i ntegrati oniwithleéxternal [Systemsland/or futureléxtensionsiaf (ARK TosII . [T

WelhavelimplementedlARK TOSII With[Oracle8. 1. 7[asbasi sfor [our (fepositoryand ]
MslVisual [Basi c[{{Rel easel®) [flor [devel opinglour [GUI.[T heldonnectivity [HolSourceland]
targetCdatal storesli sCachievedthroughCOD B CltonnectionsCandtheltool CoffersCan]
automati clrieverselengineering(of their[Schemata. I

5.[RelatedWorkO

Therelis[@Variety[of (ET L ool siinfhelmarket; livelinenti on[& fecent[feview] 1] and O
several [commercial (ool s(] 3,4,6,8].00Researchprototypeslincludelthe[JA JAX [datal’]
cleaningool (2] Cand@hedPotter’ sSCWheel [$ystem(]9] . [T heselfwoltesearchprototypes]
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are[lbasedJonal gebras,(whichOwelfindOspecifically Otail oredOf ortheCcaseof [
homogeni zinghivebldata.[Cl early,[ARK TOSH I [is[Aldesi gnool ; [Stil |, wvi th(despect othe
designidapabilitiesidf thelaf orementi onedl@pproaches, [Burfechni queldontributesl(a) By [
offeringl@nléxtensi bl elframeworkfhough@0ini formléxtensibilityfnechanism,@nd{b) ]
by[providingformal (foundati ons tol@ | owlthelteasoni ngCoverthetonstructed(ETL [
scenarios.[Finally, Owelshoul dCreferCthelinterestedCreader (o] 10] CFor Cal detailed [
presentationlof (ARK TOS | [inodel . [T helinodel [isiaccompani ed by (& Set [of [impor tanceld
metricsCwherelwellexpl oitCtheldgraphCstructureCtoCmeasurel thelldegreetowhichd
activities/recordsets/attributesiarelboundfolthei r [datalprovidersiordonsumers.in[i11] 0
welproposelaldomplementarydonceptual [hodel [for[ET L [Scenarios.O

6.[Conclusions]

I nlthi slpaper, Livelhavelfocusedlonheldata-centriclpart[of (ogi cal [desi gnlof The[ETL O
scenariolof [aldatalwarehouse. [First, iwelhaveldefi nedaformal Togi cal M etamodel [as[al]
logi cal (Ebstraction[of [ET L [processes. [T heldatalstores, [Activiti eslandThei r [constituent ]
parts,[@siwvel | @slthelproviderrel ati onshi psithat inapdatalproducersibldataléonsumersC]
havelformallybeenlCdefined.[T hen, (Welhavelprovided[alteusabilityframework[hat (]
complements[theltenericity Cof (the[&f orementioned[M etamodel . (Practically,thislis]
achieveddromCanLéxtensi bl e[$et[bf [$peci alizationsLof [ThelentitiesCof (TheIM etamodel [
layer,[Specifically(tail oredfor fhelfhost frequent @l ements[of [(E T L [Scenari os, whi chiwel]
call fempl atel@ctivities.[Finally, Welhiavelpresented@graphical [designiool ,[ARK TOSH, [
with(thelgoal [af facilitatingltheldesi gn(of [T L [Scenari os,[Based@nour [thodel . [T

Asuturefivork,Divel&l readyThavelpreliminaryfesul tsor [Thelopti mi zation[of (ETL [
scenarioltinder[@ertai n[fi melandfhroughputldonstrai nts.[A [Set[of Tbosel y [doupl edfool sOI
i sC&l solinder [¢onstructi onfor Ehelpurposesiof [opti mization[of (iheléxecutionof EETL O
scenarios.O]
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Appendix[]

O

Selectiond

a_out([i<arityOf(a_out)]{A QUT_$i$, }i=arityOf(a_out)]{A OUT_$i $}) k-0
a_inl([i<arityOi(a_inl)]{A INL_$i$, }Ji=arityOf(a_inl)]{A INL_$i$}),O
expr ([i <arityOf (@ARAM ] { @ARAM $i $], } O

[i=arityOf (@ARAM ] { @ARAM $i $]}), O
[i<arityOf (Oa_out )] O{A QUT_$i $=CA IN1_$i $,} 0O
[i=arityOf (Ca_out O)] O{A OUT_$i $=0A INL_$i $} 0
.0

NotMulld

a out([i<arityOr(a_out)]{A QUT_$i$ }di=arityO(a_out)]{A OUT_$i $}) k-0
a_inl([i<arityOi(a_inl)]{AINL_$i$, }Ji=arityOf(a_inl)]{A INL_$i$}),O
@ ELDO~=[T nul | ', OO
[i<arityOf (Oa_out )] O{A OUT _$i$=0A IN1L $i $,}0

[i=arityOf (Oa_out )] O{A_OUT_$i $=0A IN1_S$i $} O
.0

DomainMismatch

a_out([i<arityOf(a_out)]{A OUT_$i$, }di=arityCf(a_out)]{A OUT_$i $}) k-0
a_inl([i<arityOf(a_inl)]{AINL_$i$, }Ji=arityO(a_inl)] XA INL_$i$}), O
@ ELDO>=@XI ow, O
@ | ELD k=0@xhi gh, O
[i<arityOf (Oa_out )] O{A OUT_$i$=0A IN1L $i $,}0
[i=arityOf (Oa_out )] O{A _OUT_$i $=CA I N1_S$i $} O
.0



Projection]

a_out([i<arityOf(a_out)]{A QUT_$i$, }di=arityCf(a_out)]{A OUT_$i $}) k-0
a_inl([i<arityOf(a_in1)]{A INL_$i$, }di=arityOf(a_inl)] (A INL_$i$}), 0O
[i<arityOf (Ca_outD)] O{A OUT $i$=0A INL $i$,}0
[i=arityOf (Oa_out )] O{A_OUT_$i $=CA I N1_S$i $} O
.0

FunctionfApplication[

a_out([i<arityO(a_out)+10{A OUT_$i $, } O@UTFI ELDD) (k- O
a_inl([i<arityOf(a_in1)]{A INL_$i$, }di=arityOf(a_inl)] (A INL_$i$}), 0O
@UNCTI ONO( [ i <ar i t yOf ( @ARAM) +1] O @ARAM $i $] , } D@unCut FI ELDD) , O
@UTFI ELD=@unQUTFI ELD, O
[i<arityOf(Oa_inl0)] A OUT_$i $=0A INL_$i $, } O
[i=arityOf (Oa_inl0)] O{A OUT_$i $=0A I N1_S$i $} O
%UNCTI ON( A, B, O) (k- [IC=A*B0O

O

SurrogatelK ey[Assignement ]

a_out([i<arityOf(a_out)+O10) {A OUT_$i $, } OGBKEYD) (k- O
a_inl([i<arityOi(a_inl)]{A INL_$i$, }Ji=arityOf(a_inl)]{A INL_$i$}), O
@ o00kUp( O@onpKey, @onpSour ce, @ur Key), O
@our ceKey =O@onpKey, O
@our ce=O@onpSour ce, O
@BKEY=0@sur Key, O
[i<arityOf (Ca_inlD)] O{A OUT_$i$=0A INL_$i $, } 0
[i=arityOf (Oa_in10)] O{A_OUT_$i $=0A I N1_S$i $} O

.0
O

AddAttributed

a_out ([i<arityOf (a_out)ITHOLO] {A OUT_$i $, } O@UTFI ELDL) k- O
a_inl([i<arityOf(a_inl)]{AINL_$i$ }[i=arityO(a_inl)] XA INL_$i$}), O



([T

@UTFI ELD=0@/ALUE, O

[i<arityOf (Oa_inl)] XA OUT_$i $=0CA INL $i $,} 0
[i=arityOf (Oa_inl0)] O{A_OUT_$i $=0A IN1_S$i $} O
.0

Aggregation[d

a_out ([i<arityO (@ROUPERSL) (100 { GROUPERS] $i $] , } O@kasur e<@i el d>) (k-0
a_inl([i<arityOf(a_in1)]{A INL_$i$, }di=arityOf(a_inl)] (A INL_$i$}),0
[i<arityOf(Ca_inll)] A OUT_$i $=0A IN1_$i $,}0
[i=arityOf (Oa_in10)] O{A _OUT_$i $=0A I N1_S$i $} O

.0
O

UniquelValuell

a out([i<arityOr(a_out)]{A QUT_$i$ }di=arityO(a_out)]{A OUT_$i $}) k-0
a_inl([i<arityOi(a_inl)]{A INL_$i$, }Ji=arityOf(a_inl)]{A INL_$i$}), O
~dublicates([i<arityOf(a_inl)]{A INL_S$i$,}0

[i=arityOf(a_inl)]{A IN1_S$i$}), 0O
[i<arityOf (Oa_out )] O{A OQUT_$i $=CA IN1_$i $,} 0O
[i=arityOf (Ca_out O)] {A OUT_$i $=0A INL_$i $} 0

.0
g

dublicates([i<arityOf (a_inl)]{A INL_$i$ }di=arityOdf(a_inl)]{A_IN1_$i$})0O
<-0d
a_inl([i<arityOf(a_inl)]{AINL_$i$ }[i=arityOf(a_inl)]{A IN1_$i$}),O
a_ini([i<@i el d_POS] {Const _A_INL_$i $,}[i =@ el d_POS] {A I N1_$i $} OO
[ @ield_PCS<i<arityOf(Ca_inl)+1]{, Const_A IN1_$i $}),0
a_inl([i<arityOf(Oa_inl)J{A INL_$i$ }[i=arityOf(Oa_inl)]{A INL_$i$})O
~=0
a_inl([i<@ield_POS]{Const_A INL1_$i$, }[i=@iel d_POS]{A INL_$i$} O
[ @ield_PCS<i<arityOf (Oa_inl)+1]{, Const_A IN1_$i $})0O
.0
a

PrimaryKey[ViolationJ

a_out([i<arityOf(a_out)]{A QUT_$i$, }Ji=arityO(a_out)]{A OUT_$i $}) k-0
a_inl([i<arityOf(a_in1)]{A INI_$i$, }di=arityOf(a_inl)] (A INL_$i$}),0
~dublicates([i<arityOf(a_inl)]{AINL_$i$,}0



[i=arityOf(a_inl)]{A INL_$i$}), O
@ ELD~="nul | ', O
[i<arityOf (Oa_out )] O{A QUT_$i $=CA IN1_$i $,} 0O
[i=arityO (Ca_out )] O{A OUT_$i $=UA I N1_$i $} O

.0
O

dublicates([i<arityOf(a_inl)J{A INL_$i$ }[i=arityO(a_inl)] O{A INL_$i$})0O
<-
a_inl([i<arityOf(a_inl)]{AINL_$i$ }[i=arityOf(a_inl)]{A IN1_$i$}),O
a_in1([i<@iel d_POS]{Const _A IN1_$i $, }[i=@Fiel d_POS]{A I NL_$i $} 00
[ @ield PCS<i<arityOf(Ca_inl)+1]{, Const A IN1 $i$}),0O
a_inl([i<arityOf(Oa_inl)J{A INL1_$i$ }[i=arityO(Oa_inl)]{A INL_$i$})0O
~=0
Aa_in1([i<@iel d_POS]{Const A INL_$i$, }[i=@iel d_POS]{A I NL_$i $} 00
[ @ield_PCS<i<arityOf (Ca_inl)+1]{, Const_A IN1_$i $})0O
.0
0

Difference]

a_out([i<arityOf(a_out)]{A OUT_$i$, }di=arityCf(a_out)]{A OUT_$i $}) k-0
a_inl([i<arityO(a_inl)]{AINL_$i$, }di=arityO(a_inl)] XA INL_S$i$}), O
a_in2([i<arityO(a_in2)]{A IN2_$i$, }Ji=arityOf(a_in2)] {A IN2_$i$}), O
~semijoin([i<arityOf(a_inl)]{A_INL_$i$, }0O

[i=arityOf (a_inl)]{A IN1_$i$}),O
[i<arityOf (Oa_out )] O{A QUT_$i $=CA IN1_$i $,} 0O
[i=arityOf (Oa_out )] O{A OUT_$i $=0A IN1_S$i $} O

.0
g

semjoin([i<arityOi(a_inl)]{A INL_$i$ }[i=arityOf(a_inl)]{0A INL_$i$})<-00
a_inl([i<arityOf(a_inl)]{AINL_$i$, }Ji=arityOf(a_inl)] XA INL_$i$}), O
a_in2([i<arityO(a_in2)]{A IN2_$i$, }Ji=arityOf(a_in2)]{A IN2_$i$}), O
[i<arityOf O O@OMVON_| N10) ] ¥ @DOMMON | N1[ $i $] =@OVVON_ | N2[ $i $] , } O

[i=arityOf O{ J@OVMON_| NLO) ] O @OVMON._| N1 $i $] =@OWON_| N2[ $i $] } O
.0

ForeingK eyl

a_out([i<arityOf(a_out)]{A QUT_$i$, }Ji=arityO(a_out)]{A OUT_$i $})<-0
a_inl([i<arityOf(a_in1)]{A INI_$i$, }Oi=arityOf(a_inl)]{A_INL_$i$}), OO0
@ARGET_TABLE([ i <@ARGET_FI ELD POS]{_, }0O



[ i =@ARGET_FI ELD_POS] { @ARGET_FI ELD} 00

[ @ARGET_FI ELD_POS<i <@ARGET_TABLE_ARI TY+1]{, }), O
@ARGET_FI ELD=@ I ELD, O
[i<arityOf (Ca_out )] {A OUT_$i $=0CA INL_$i $,} 0
[i=arityOf (Oa_out )] O{A OUT_$i $=CA I N1_S$i $} O
.0

Normalization

[i<arityOf (@EP_FI ELDS) +1]{O
a_out ([ <arityOf (@OVMVON_FI ELDS) +1] { @OMVON_FI ELDS[ $j $] , } CODE, VALUE) O
<-0d
a_inl([j<arityOi(a_inl)]XA INL_$j$,}0
Oj=arityOf(Ca_inlO)] XA INL_$j$}), 0
@ ookup_code( @ ELD_NAMES][ $i $], CODE), O
VALUE=@REP_FI ELDS[ $i $] O
.0
10

Denormalizationd

a_out([i<arityOf(a_out)]{A OUT_$i$, }di=aritydf(a_out)]{A QUT_$i $})<-0
[i<arityOf (REP_FIELDS IN)]{O
a_inl_([j<@OWON_FIELDS NUM O{a_i n1_$j $, }, JCODESi $, OVALUESI $) , O

o O @ code( @REP_FI ELDS_NANE[ $i $] , CODESi $) , O

o O @UT_FI ELD_NAME[ $i $] =VALUESi $, O

o 30

O

[i=arityOf (REP_FIELDS_IN]{O

O  a_inl_([j<@OVMON_FIELDS_NUM C{a_i ni1_$j $, }, OCCDESi $, OVALUESi $) , O
O O @ code( @GREP_FI ELDS_NAME[ $i $] , CODES$i $) , O

o O @UT_FI ELD_NAME[ $i $] =VALUESi $. O

o 30

OoooQd



