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Abstract. On-Line Analytical ProcessindOLAP) enablesanalyststo gaininsightaboutdatathroughfastand
interactve accesgo a variety of possibleviews on information,organizedn adimensionamodel. Thedemand
for dataintegrationis rapidly becominglarger as more and more information sourcesappearin modernenter
prises.In thedatawarehousingpproachselectednformationis extractedin advanceandstoredin arepository
yielding good query performance.However, in mary situationsa logical (ratherthan physical)integration of
datais preferable. Previous web-basediataintegration efforts have focusedalmostexclusively on the logical
level of datamodels,creatinga needfor techniquegocusedon the conceptualevel. Also, previous integration
techniquedor web-basediatahave not addressethe specialneedsof OLAP tools suchashandlingdimensions
with hierarchiesExtensibleMarkupLanguaggXML) is fastbecomingthe new standardor datarepresentation
andexchangeon the World Wide Weh Therapidemegenceof XML dataontheweb,e.g.,business-to-zsiness
(B2B) e-commerceis makingit necessaryor OLAP andotherdataanalysistoolsto handleXML dataaswell
astraditionaldataformats..

Basedon areal-world casestudy this papermresentsanapproacho speci cationof OLAP DBs basednweb
data. Unlike previous work, this approachakesspecialOLAP issuessuchasdimensionhierarchiesandcorrect
aggreation of datainto account. Also, the approachworks on the conceptualevel, using Uni ed Modeling
LanguaggUML) asabasisfor so-calledUML snow ake diagramsthat preciselycapturethe multidimensional
structureof the data. An integrationarchitecturethat allows the logical integrationof XML andrelationaldata
sourcedor useby OLAP toolsis alsopresented.

Keywords: OLAP, XML, Datalntegration,DataWarehousingMultidimensionalDatabases

1. Intr oduction

On-Line Analytical ProcessindOLAP) is a catgyory of businesssoftwaretools that en-
ablesdecisionsupportbasedon multidimensionabnalysisof summarydata. OLAP data,
typically dravn from a physicalintegrationof transactionatlatabasess organizedn mul-
tidimensionaldatamodels cateyorizing dataaseithermeasurabléacts (measuresr hi-
erarchicallyorganizeddimensionsharacterizinghefacts. Featuredik e automaticaggre-
gation (Rafanellietal., 1990 andvisual querying(Thomsen1997 supportecby OLAP
tools easethe processof decisionsupportcomparedo traditionaldatabasenanagement
systems.

Integrationof distributeddatasourceds becomingncreasinglyimportantasmorebusi-
nesgelevantdataappeaontheweb,e.g.,on B2B marketplacesandenterprisesooperate
moretightly with their partnerscreatinganeedfor integratingtheinformationfrom several
enterprisesThe datawarehousingapproactdictatesa physicalintegrationof data,map-
ping datafrom differentinformation sourcesinto a commonmultidimensionaldatabase
schema. This enablesfast evaluation of complex queries,but demandggreateffort in
keepingthe datawarehouseaup to date,e.g. when datapassedrom the sourcesof the
application-orientesperationalervironmentto the datawarehouseinconsistencieand



redundanciemustbe resohed, so the datawarehouserovidesan integratedandrecon-
ciled view of the dataof the organization. However, somekinds of dataareimpossible,
or not attractve, to physically storein a datawarehouseeitherbecausef legislationor
becaus®f thenatureof thedata,e.g.,rapidly dynamicallyevolving information.Enabling
integrateduseof suchdatarequiresalogical ratherthanphysicalintegration.

XML is ametalanguageausedto describethe structureandcontentof documentsXML,
althoughoriginally a documentmarkuplanguagejs increasinglyusedfor dataexchange
ontheWeh Theapplicationof XML asa standardexchangeormatfor dataavailableon
the Webmalkesit attractize to usein conjunctionwith OLAP tools.

Previous approachesor integratingweb-basedlata,particularlyin XML format, have
focusedalmostexclusively on dataintegrationat thelogical level of datamodelscreating
aneedfor techniqueshatareusableatthe conceptualevel whichis moresuitablefor use
by systendesignerandendusers.Themostwide-spreadtonceptuamodelis the Uni ed
ModelingLanguagdUML) (OMG, 2007 whichis usedin this paper Previousintegration
approachesave not addressethe specialissuesrelatedto OLAP, e.g.,dimensionswith
hierarchiesandarethusnot optimally suitedfor integratingdatato be usedfor OLAP.

Thecontributionof this papetis threefold.First,anarchitecturdor integratingXML data
atthe conceptualevel is presentedThe architecturealsosupportgelationaldatasources
andis thuswell suitedto build datawarehousesvhich arebasedpartly on in-houserela-
tional dataandpartly on XML dataavailableontheweh A prototypesystemsupporting
thearchitecturas currentlybeingdevelopedaspartof a projectthatinvestigatesechnolo-
giesfor building datawarehousebasednwebdata.Althoughthis papemprimarily argues
for alogical dataintegration,the speci cationtechniquesnay alsobe usedfor physical
dataintegration,i.e., datawarehousing.Secondwe proposea multidimensionaimodel,
the UML snow ak e diagram,enablinga precisespeci cation of an OLAP DB basedon
multiple XML and/orrelationaldatasources.The UML diagrammingmethodis usedfor
describingandvisualizingthe logical structureof XML documentseasingthe designof
the OLAP DB. Third, we describehow to handlethe specialconsiderationshat needto
be taken when designingan OLAP DB on top of XML data, suchas dimensionswith
hierarchiesandensuringcorrectaggrejationof data.

We believe this paperto be the rst to addresshe issueof integrating XML and/or
relationaldatafor useby OLAP toolsandto describethe specialconsiderationshatneed
to be taken in this context. Also, we believe this paperto be the rst to considerthe
integrationof XML andrelationaldataat the conceptuatatherthanthelogical level.

A numberof systemsallows integrationof structuredand/orsemi-structurediata. Of
these, YAT (Abitebouletal.,1999, Strudel (Fernandeetal.,2000, TSIMMIS
(Garcia-Molinaetal., 1997, andOzone(Lahiri etal., 1999 all useasemi-structurect.g.,
XML, datamodel,Garlic (Rothetal., 1996 usesan objectdatamodel,while the Cohera
system(Hellersteinetal., 1999 usesthe relational(SQL) datamodel. Thesesystemsall
focuson webdataintegrationat the logical level. In comparisonthe approachdescribed
in this papertakes specialOLAP characteristicsuchasfacttables,dimensionswith hi-
erarchiesand measuresnto account. Also, this paperfocuson integration of web data
on the conceptualevel, supportingthe designprocessbetter However, we do not con-
siderdataintegrationat the logical level to be unnecessarassuchsystemsare usedfor
theimplementatiorof the integrateddatabaseslndeed,a DW conceptuallydesignedis-



ing our approachcould be implementedusing thesesystems. The issueof corverting
XML datainto relationaldatais describedn (Deutschetal., 1999 Florescuetal., 1999
Shanmugasundaragtal., 1999. In comparisonthis paperimsatcapturingnoreseman-
tics of the XML databy usinga higherlevel conceptuamodel. Also, the datastructures
obtainedby our approacthis bettersuitedto OLAP analysisasimportantDW/OLAP issues
suchasfacttables dimensionawith hierarchiesandmeasuresreaddressedirectly.

The remainderof the paperis organizedas follows. Section2 presentsa casestudy
concernind32B e-commercef electroniccomponentsSection3 presentanarchitectural
overview describinghow XML andrelationaldatacanbe integratedandusedfor OLAP
analysis.Section4 de nes a multidimensionaimodelcapturingthe structureand content
of alogical speci cation of OLAP DBs on top of XML andrelationaldatasourcesand
describeghe speci ¢ issuesrelatedto designingan OLAP DB on XML data. Section5
summarizeshe paperandpointsto topicsfor futureresearch.

2. Motivation—A CaseStudy

This sectiondescribes casestudymotivatingthe needfor integratingvariousXML docu-
mentsandrelationaldatasourcesnto acommonmultidimensionaDB, servingasa basis
for dataanalysisin an OLAP system.The casestudyis a simpli cation of the Electronic
ComponentnformationExchangeuickDataArchitecture(ECIX) (Sll, 2007). TheECIX
QuickDataArchitectureis a projectdedicatedo the designof standard$or B2B techni-
calinformationexchangeof componentnformationfor traditionalelectroniccomponents.
TheECIX standardsle nesstandard$or bothXML dataexchangeaswell asarchitectures
for Web-enabledystemdor informationexchangeéetweerall the participantsnvolvedin
thedesignandmanufctureof electronicsystemsFor athoroughdescriptionof the ECIX
QuickDataArchitecture seg(Sll, 200]). Thecasestudyconcernsetailersandsuppliersof
electroniccomponentsTheretailersellselectroniccomponentso endusersboughtfrom
anumberof differentsuppliers.Theretailerstoresnformationaboutcomponensalesand
customersasboth XML andrelationaldata,andthe suppliersprovide basicinformation
abouttheir productsas XML dataon theWeh Thegoalis for theretailerto constructan
OLAP DB basednthedatastoredby theretaileraswell asthe XML dataprovidedby the
suppliersjn orderto enableanalysisof componentales.

An XML documentasbothstructureandcontentandXML providesa meandgor sepa-
ratingonefrom the otherin theelectronicdocumentThestructure of adocuments given
by useof matchingtag pairs (termedan element)andthe informationbetweenmatching
tagsis referredto asthe contentof the element. Furthermorean elementis permittedto
have additionalattributes,wherevaluesareassignedo theattributesin the starttag of the
element. XML documentganalsocontaina descriptionof their logical structure which
is calledadocumentypede nition (DTD). A DTD is acontext freegrammarde ning, in
termsof elementcontentspeci cations,all allowableelementstheir attributes,andtheel-
ementsestingstructure GivenaDTD it canbeveri ed thatanXML documentonforms
totheDTD, andif so,the XML documenis saidto bevalid. For acompletespeci cation
anddescriptionof XML, see(W3C, 20014 Pinnocketal., 2000.



The datastoredby the retailer is an XML documentdescribingsales,an XML docu-
mentdescribingthe componenhumberingsystemaisedby the suppliersandarelational
databaseontaininginformationaboutcustomers.

SalesDocument Thesalesdocumentlescribegachsalemadeby theretailer Eachsale
consistsof a uniquesalesid, a date,a customerid, and a list of itemssold. The DTD

describingthe structureand contentsof the salesdocuments shovn below. Every sales
documentonformsto this DTD.

<?xml version="1.0" encoding="utf-8" ?>
<IELEMENT salesDB (sales*) >
<I[ELEMENT sales (date, customerID, item+) >

<IATTLIST sales salesID ID #REQUIRED >
<IELEMENT date (#PCDATA) >

<IELEMENT customerlD  (#PCDATA) >
<IELEMENT item (price, componentlD) >
<IELEMENT price  (#PCDATA) >

<IELEMENT componentlD  (#PCDATA) >

An exampleof an XML documentconformingto the above DTD is shavn below. The
documentdescribessaleno. s48372at the 2nd of October2000to the customerhaving
id 2347. The custometoughtthe packageof componentsiaving id r12200for a price of
$6.25.

<?xml version="1.0" encoding="utf-8" standalone="no" ?>
<IDOCTYPE salesDB SYSTEM"sales.dtd">
<salesDB>

<sales salesID="s48372">

<date> 2000-10-02 </date>
<customer|D> 2347 </customerID>
<item>

<price> 6.25 </price>

<componentID> r12200 </componentiD>
</item>

</sales>

</salesDB>

ComponentNumbering Document The componenthumberingsystemusedby there-
tailer is differentfrom the onesusedby the suppliers. In orderto map betweenthe two
numberingsystemstheretailerhasconstructecin XML documenfproviding information
abouteachsupplieraswell asa mappingbetweerthe numberingsystemausedby there-
tailer andthe supplier The mappingdocumentdescribegshe name,addressphone,the
URL of eachsupplier andalist of componentds mappingbetweerthe suppliers compo-
nentids andtheids usedby theretailer The DTD describingthe structureandcontentsof
themappingdocuments seenbelow.

<?xml version="1.0" encoding="utf-8" ?>
<IELEMENT supplierDB  (supplier®) >
<IELEMENT supplier (product*) >
<IATTLIST supplier name CDATA#REQUIRED
address CDATA#REQUIRED
phone CDATA #IMPLIED
URL CDATA#IMPLIED >
<IELEMENT product EMPTY >
<IATTLIST product name CDATA#REQUIRED
id CDATA#REQUIRED
our_id CDATA#REQUIRED>



An exampleof the XML mappingdocumenis shovn belowv. The documentdescribes
a mappingbetweenthe retailer's componentd r12200(a 2K2 carbonresistor)andthe
supplier‘ComponentHearen™s componentd 263854.

<?xml version="1.0" encoding="utf-8" standalone="no" ?>
<IDOCTYPE supplierDB  SYSTEM"mapping.dtd">
<supplierDB>
<supplier name="ComponentHeaven"
address="457 Madison Ave., NY"
phone="212-753-1722"
URL="http://www.componentheaven.com/products">
<product name="2K2 carbon resistor"
id="263854" our_id="r12200"/>

</s.1.1.pplier>

</§JpplierDB>

Relational Customer Database Theretailerstoresinformationaboutcustomersn are-
lationaldatabasefor eachcustomerdatais storedstatingtheid of thecustomerthename,
theaddresgstreetandnumber) the city, andthe countryin whichthe custometives.The
schemaof thetableis shovn below.

customer(id, name, street, number, city, country)
A tuplefrom aninstanceof this relationis shavn below.

(2347, Peter Scott','Lambda Lane','6','London’,'England’)

ComponentDocument The XML dataprovidedby eachcomponensupplieris a docu-
mentdescribingbasicpropertieof the differentproductssold by the supplier The prop-

ertiesdescribedor eachcomponentirepropertiessuchasthe nameof the classto which

the componenbelongsthe nameandid of the componentthe numberof pinsandgates,
an optionaltextual description,andthe price andnumberof componentsn onepackage.
Furthermoresincesomesuppliersalsosell devicesbuilt from differentcomponentsthe

componentdocumentontaininformationaboutthesedevices,aswell asareferencdrom

componentso devicesindicatingthata particularcomponents usedto build a particular
device. TheDTD describinghe structureandcontentof thecomponentiocuments seen
below

<?xml version="1.0" encoding="utf-8" ?>

<IELEMENT products  (class+) >

<IELEMENT class ((ec*, device¥)) >

<IATTLIST class name CDATA#REQUIRED >

<IELEMENT ec (unitprice, pincount, gatecount, textdesc?) >

<IATTLIST ec id ID #REQUIRED usedWithin IDREFS #IMPLIED
name CDATA#REQUIRED >

<IELEMENT device (textdesc, unitprice, device?) >

<IATTLIST device id ID #REQUIREDname CDATA#REQUIRED >

<IELEMENT unitprice (number, price) >

<IELEMENT pincount  (#PCDATA) >

<IELEMENT gatecount  (#PCDATA) >

<IELEMENT textdesc (#PCDATA) >

<IELEMENT number (#PCDATA) >

<IELEMENT price ~ (#PCDATA) >



An exampleof anXML documentonformingto componenDTD is showvn belown. The
documentdescribeghe two components2K2 carbonresistor’and“8bit ALU”. There-
sistorbelongsto class“resistor”, has2 pinsandno gates,andis soldin boxesof 250 for
$6.25. The ALU belongsto class‘semiconductor”has28 pins, 192 gatesandis soldin
boxesof 10for $8.70.

<?xml version="1.0" encoding="utf-8" standalone="no" ?>
<IDOCTYPE products = SYSTEM"products.dtd">
<products>
<class name="resistor">
<ec id="r12200" name="2K2 carbon resistor">
<unitprice>

<number> 250 </number>
<price> 6.25 </price>
</unitprice>
<pincount> 2 </pincount>
<gatecount> 0 </gatecount>
</ec>
</class>
<class name="semiconductor">
<ec id="alu8003" name="8bit ALU">
<unitprice>
<number> 10 </number>
<price> 8.70 </price>
</unitprice>
<pincount> 28 </pincount>
<gatecount> 192 </gatecount>
<textdesc> 8 bit Arithmetic Logical  Unit </textdesc>
</ec>
</class>
</products>

Basedon the above data,it is the goal of theretailerto constructan OLAP DB capable
of answeringquestionssuchas “What is the netprot of salesof semiconductorshis
year?”,"What is the bestselling classe®f components?”and“In which countrydo we
sellthemostresistors?” This paperdescribeshespeci cationof anOLAP DB capableof
answeringhesequestionsThe OLAP DB is basedn a mixture of the datastoredlocally
by theretailerandthedataprovidedasXML ontheWebby thesupplierin orderto answer
theabove questions.

3. Integration Architecture

This sectiondescribesa generalsystemarchitecturefor integrating XML andrelational
datasourcestthe conceptualevel in aweb-base®@LAP DB. Thearchitecturanakesthe
useof XML datatransparento the dataanalysistool andtherebyto theenduser

XML Data Sources Beforethe designercanspecifyan OLAP basedon XML data,the
designemeedsto know the structureof the datato be used. Oneway of obtainingthis
knowledgeis to fetch the entire XML documentfrom the Weh This solutionis rather
unsatiséctory sincefetchingtheentireXML documentantake a considerablemountof
time. Anothersolutionis to consideithelogical structureof the XML documentdescribed
by theDTD. Fetchingonly the DTD savestime, sincetheDTD is smallin sizecompared



to the documentit describes.A potentialproblemassociatedvith this approachis that
theDTD canbeoverly comple, giving no contribution to the designers understandingf
the structureof the XML data,a problemwhich is worsenedy the textual format of the
DTDs. Whatis neededs aneasilycomprehendiblandquick way of communicatinghe
structureof anarbitraryXML datasourceto thedesigner

To accomplishthis goal, the DTD is transformednto a Uni ed Modeling Language
(UML) diagram. Visualizingthe structureof XML documentsn a graphicalway makes
it easierfor the designerto understandhan a contect free grammarsuchasthe DTD.
By describingthe structureof XML datasourcesusinga high-level conceptuabraphical
modelinglanguagegachXML datasourceon the Web becomesan easyaccessibleand
comprehensibleélatabasdo both designersand endusers. The useof DTDs asa basis
for derving the graphicalrepresentationf the datasourcesupportsfastbrowsing of the
availabledata,dueto the small size of the DTD. This correspondso the traditionaluse
of the Web wherebrowsing is probablythe mostimportantmeanof nding the desired
information. A detailedspeci cationof thetransformatiorfrom DTDs to UML diagrams
is givenin anotheipaper(Jenseretal., 20013.

It is assumedhroughoutthis paperthat the logical structureof an XML documentis
describedy aDTD andthatthe XML documents valid. Notice,thatotherformalismsfor
describingXML documentstructure,more powerful thanthe DTD formalism, exist, e.g.
XML SchemdW3C, 2001h, buttheDTD is theonly formalismthatis a World Wide Web
Consortium(W3C) RecommendationThe XML 1.0 Recommendatio(W3C, 20013 is
usedthroughouthis paper

Relational Data Sources An integrationof XML andrelationaldatais necessargince
an enterprisetypically storesdifferenttypesof transactionatiatain relationaldatabases.
As is the casefor XML data,a conceptuamodelof the structureof the relationaldatais
neededjn orderfor the designerto make quali ed statementsboutthe datato be used.
It is not the focusof this paperto describeconceptuamodelsfor relationaldataandit is
thereforeassumedhatUML diagramslescribingherelationaldatacanbe madeavailable
tothedesignerOtherwisedatabaséesigntoolssuchasERwin (Comp.Assoc.,2001) can
aid in the procesdy doing reverseengineeringof relationalschemago UML diagrams.
We have choserto integratethe relationaldatadirectly, ratherthanmappingit into XML
rst, assuchatranslatiorwould meanthatsomeof the semanticof the data,mostlikely
importantto the OLAP DB, would getlost.

General System Ar chitecture Figure 1 illustratesthe architecturewhich enablesthe
useof XML dataand/orrelationaldatain a “virtual” OLAP DB for performingdecision
supportusingexisting OLAP tools.

The rst partof the dataintegration processs the conceptuaintegrationbasedon the
UML diagramsyesultingin a conceptuamodelof the OLAP DB. The OLAP DB model
(termeda UML snav ak e diagram)is speci ed by the designetthrougha graphicaluser
interface (GUI). The UML snaw ak e diagramis constructedrom UML diagramsde-
scribing the datasources thesediagramsare generatedy the Designintegratotr The
constructionof a UML snow ak e diagramis describedn detailin Section4. The UML
shav ak e diagramis transformednto relationalstructuresy the Datalntegrator, andare
thenmadeavailableto the OLAP System.Metadataaboutthe speci cation of the OLAP
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DB suchasmeasuresjefaultaggrayationfunction,facttables,dimensiontables,andjoin
keysaretransferredirectly into the OLAP Systemmeaningthatno separatelesigneffort
is neededhere.

At run-time, the datasourcesare presentedo the OLAP tools asrelations,creatinga
relationalmultidimensionaVliew (astaror snav ak e schemgKimball, 1996 astheseare
bettersuitedfor OLAP analysis)overthedatasourcesThereareseveralgoodreasongor
not usingUML asthe datamodelfor the run-time system. First, no querylanguagefor
UML exists, sono querytools would be ableto usethe constructedDLAP DB. Second,
almostall OLAP toolscanaccesslatausingSQL, while only veryfew, if ary, OLAP tools
canuseXML querylanguagedor dataaccess.This makesthe relationalmodelthe ob-
vious choicefor the run-time system. The centralcomponenin the run-time systemss
the DataIntegratorwhich enablesoth XML dataandrelationaldatato be accessedis-
ing SQL queriesthrougha standardnterfacelike OpenDatabaseConnectity (ODBC).
Integrating XML this way makesthe useof XML transparento the end usersincethe
OLAP tool cannottell the differencebetween‘true” relationalstructuresand relational
structureggeneratedrom XML data. TherelationalOLAP (ROLAP) approacthasbeen
choserover MultidimensionalOLAP (MOLAP) asROLAP hasthewidestchoiceof anal-
ysistoolssinceboth ROLAP andmostMOLAP toolsaswell asstandardelationalquery
toolscanacces$fROLAP datasources.



At querytime, the end userquerythe OLAP Systemusingan OLAP querylanguage
native to the OLAP System,e.g. MultiDimensionaleXpression§MDX) asusedby Mi-
crosoft's SQL Sener 2000Analysis ServicegMicrosoft, 2001). Thesequeriesaretrans-
formedinto oneor more SQL queriesby the OLAP System,usedto querytherelational
structuregeneratedrom theUML Snav ak e Diagram.The Datalntegratorexamineghe
SQL queriesdeliveredby the OLAP Systemandtransformghesequeriesinto a seriesof
gueriesexpressedh eitheranXML querylanguager SQL,dependingpnwhetherthedata
originatesfrom an XML sourceor a relationaldatabasenanagemensystem(RDBMS).
Theresultsof thesetransformedjueries(XML from XML datasourcesandrelationaltu-
plesfrom RDBMSs)arethentransformednto relationakuples tting therelationalschema
generatedrom the UML snaw ak ediagram.A detaileddescriptionof this querytransla-
tion is beyondthe scopeof this paper

4. SpecifyingThe OLAP Cube

This sectiondescribeshe speci cationof anOLAP DB on XML documentsand/orrela-
tional datasources.The constructedliagram,termeda UML snow ak e diagram,resem-
blesthe structureof the relationalsnav ak e schemaput is composedentirely of UML
classesThe UML snaw ak e diagramconstitutegshe schemaof anentireOLAP DB. The
useof UML asa conceptuamodelinglanguagedor the OLAP DB makesthe integration
of elementdrom differentdatasourceseasier sincethe datasourcespoth XML andre-
lational, are also describedoy UML diagrams(asassumedn Section3). Furthermore,
the UML modelis a high-level semanticdatamodelwith a graphicalnotation,makingit
corvenientto illustraterelationshipdetweerdataelements.

Theconstructiorof aUML snav ak ediagramis notafully automatiqprocessandhence
reliesheavily on the designers knowledgeaboutthe domain. However, whenbasedon
XML data,somestructuralpropertiesinherentto XML aids the designprocess. More
speci cally, XML speci cs, e.g.,hierarchicalnestingof data,are madeinto a numberof
designpatterns(Gamma,1995 in the designtool thatthe designercanthenchooserom
in orderto specifythe OLAP DB moreeasily

We now formally de ne a UML snhaw ak e diagramand a set of rules de ning how
to constructa UML snaw ak e diagramconsistingof dataelementsfrom various data
sources. The possibility of mixing dataelementsfrom variousdatasourcessnableshe
useof XML dataas a foundationfor a completeOLAP DB, or as part of fact or di-
mensionaldataonly. Although this paperarguesfor a logical ratherthan physicalin-
tegration of data,the constructedJML snhav ak e diagramcan equally well be usedas
a foundationfor a physicalintegrationof the dataelementsnto a traditional dataware-
house(Kimball etal., 1998 Kimball, 1996.

In orderto preciselyspecify propertiesof the UML snav ak e diagram,a languageor
qgueryingUML diagramss needed As UML doesnot have a querylanguageof it's own,
we areforcedto useanalternatve. However, for the subsebf UML thatwe have chosen,
we canspecifya precise pijective mappingbetweenJML diagramsandthe ODMG data
model(Cattell,2000, enablingusto usethe OQL querylanguage .The precisede nition
of this mappingcanbeseenin thefull paper(Jenseretal.,2001H.



4.1. UML Snow ake Diagram

We now de ne theUML snaw ak e diagramwhichis aspeci cationof anOLAP DB con-
structedfrom UML classes.The snav ak e diagramcanbe composedf elementsrom
differentUML diagramstherebydescribingthe integrationof several possiblyheteroge-
neousdatasources.

De nition 1. UML Snow ake Diagram
A UML snow ake diagram is a rooted graph consistingof UML classessatisfyingthe
following conditions:

1. Theedg from Root (the designatedoot-class)to all classeshavinga path of length
fromRootis an associatiortypelink with cardinality 0..* and 1

2. Theedg betweertlass havinga pathof length fromRootandclass havinga
pathof length fromRootis an aggregationtypelink with cardinality 1 and
1..*, fromclass to class

3. Aclassclass connectedo Rootthroughanassociatiortypelink alongwith all classes
havinga path of aggregationtypelinks of length fromclass is termeda sub-
graph Noedgesexistsbetweersubgiaphs.Notethatsubpartofdimensiorhierarchies
are notsubgmphs.

4. No edgesexist betweerclass andclass within a subgiaphif thelengthof the paths
fromRootto class andclass are equal.

The classRootin the UML snaw ak e diagramis termeda fact class Eachsubgraphs
termedadimensiorto Rootandeachpathclass class class fromrootto leafin the
subgraphs termeda hierarchy. Classeslass class class in the patheachde ne
a hierarchy level for the dimension. The connectionbetweenRootandclass is estab-
lishedthroughanassociatiorwith cardinalityO..* and1, whereaglass is anaggreation
of class ( ) with cardinalityl and1..*. Aggregationsbetweerhierarchylevels
in a dimensionare usedto explicitly expressthe “consistof” relationshipnormally used
in UML diagrams. This corventionis consistentwith the transformatiorfrom DTDs to
UML diagramsdescribedn (Jenseretal., 20013, wherethe nestingstructuresof XML
documentsare modeledas aggreyations. Associationsdetweerthe fact classandthe di-
mensionsare usedsinceno “consistof” relationshipexist betweerfactand dimensions.
A snav ak e diagramcaptureghe sameclassof schemassstaror snov ak e schemass
de ned by Kimball (Kimball, 1996, but doesit athe conceptualevel.

The constraintson the snav ak e diagramhave beenchosenwith greatcareto ensure
summarizabilitfLenzetal., 1997 Pedersertal., 1999 Rafanellietal., 1990 of thedata.
Informally, summarizabilitymeanshatthe usergetsthe same(correct)resultno matterif
the aggreyationof datato a moregeneralevel is performedin oneor several steps. For
summarizabilityto hold, two propertiesof the hierarchiesnustbe satis ed. First, all car
dinalitiesmustbe*“-1” whengoingfrom thebottomof thedimensiorandup the hierarchy
This ensureghatno datawill be double-countedSecondthe minimum cardinalityof the



lower classin an aggreyationrelationshipmustbe ratherthan . This ensureghatall
datawill be counted.Furthermoretherelationshipdrom thefactclassto the dimensions
mustbe“-1" andgo only to the lowestlevel in thedimension.This ensureghatdatawill
neitherbe double-countedr “get lost” whenaggreyatingin severalsteps.

ExAMPLE: UML Snow ak e Diagram

As an exampleof a UML snow ak e diagramconsiderFigure2. The class“fact” is the
root of the UML snow ak e diagram. It hasthreedimensionsasindicatedby the three
associationdetweenclass“fact” andclassesec”, “customer”,and“day”. Eachdimen-
sionis referredto asdimension‘component”,“customer”,and“time”, respectiely. The
“customer”dimensioncontainsa single hierarchy whereclasses'customer”and“coun-
try” eachde ne a hierarchylevel. The“time” dimensioncontainstwo hierarchiesyhere
“day”-“week”-"year” and“day”-“month”-“quarter”-“y ear”"arethe hierarchylevelsfor the
two hierarchies.This way, the time hierarchylinks datesto eitherweek-yearor month-
guarteryear respectiely. As anexample,May 18th2000is linkedto May 2000,whichis
linkedto the secondquarterof 2000, which is linked to the year2000. The diagramhas
threemeasues numberghatcanbe aggrayatedto higherlevels,namelysalesprice, cost
andprot.

year
country
year_name
country —
. *,_91 ¢
. .
quarter
1.* quarter_name
customer
name 1
I address 1% 1%
class i
city month week
name
1 month_name week_name
! 0.* 1 1
L* fact 1%
ec sales price day 1+
name 1 0.* cost 0..* 1 day_name
profit

Figure2. UML Snow ak e Diagram

We now de ne thesetsusedto describea UML snow ak e diagram.

Snow akeDiagram= (classname AttributeList,PointsTo)



The setSnow akeDiagram containsthree-tuplesvhereeachtuple describesa classin
the UML snaw ak e diagram. The rst elementin the tupleis a uniguenameidentifying
the class.The secondandthird tuple elementsareboth sets,whereAttributeListis the set
of attributesassociatedvith a particularsnav ak e classandPoints™ is the setof classes
for whichlinks exist.

AttributeList= (att_name att_type modi er, AID, calc_att, link_pathtype aggfung
att type DataTypes modier ?,1
type  measure,descripe
aggfunc  SUM,COUNTMIN,MAX,AVG,NULL

This setdescribeghe name,datatype, modi er, Attribute Identi er (AID), formula,
link path,type, anddefault aggrejatefunction for eachattribute associatedvith a class.
Here,att nameis a uniguenameidentifying the attribute, att typeis the datatype of the
attribute, modi er indicateswhetheror not NULL valuesare allowed for the attribute,
andAID is anidenti er uniquelyidentifying the sourceandlocationof the attribute. The
locationof eachattributeis describedxplicitly sinceall attributesin a classdoesnothave
to originatefrom the samedatasource.If theattributeoriginatesfrom an XML document,
the AID tupleelemenis aconcatenatioof the URI UMLClassesthe pathin the XML
documento the attribute, andthe attribute's namein the XML document.If the attribute
originatesfrom a relationaldatasource the AID is a concatenatioof the URI of thedata
source,the table name,and the attribute name. Further calc_att is a formula usedfor
calculatingthe attribute att_name If aformulais associateavith anattribute,the attribute
is denoteda calculatedattribute All attributeswhich arenot calculatedattributeshave the
elementcalc_att setto NULL, indicatingthatthis particularattribute is not dependentn
ary calculations Furthermorewhende ning a calculatedattribute the AID tuple element
is NULL, indicatingthatthe calculatedattribute do not exist in ary datasource.Thetype
distinguishmeasureattributesfrom descriptve dimensionattributes. For measuresthe
defaultaggreyatefunction,whichis usedwhenaggreatingthevaluesto higherlevels,has
to bespeci ed. For descriptve attributes,thisis NULL.

Thefollowing context-free grammar(in Backus-Naufform) canbe usedfor specifying
calculatedattributes, de ning the expressionsallowed for formulas. The grammarde-
scribesthe constructionof arithmeticexpressiongpreservinghe standarcperatomprece-
dence. Parenthesesare usedto overridethis precedenceThe grammarincorporateshe
possibility of using unary and binary functions ( f and g, respectrely) belongingto
somefunction library (e.g. the standardfunctionsnormally usedin relational DBMSs
(Meltonetal., 1995).

EXPR EXPR TERM EXPR TERM TERM
TERM TERM FACTOR TERM FACTOR FACTOR
FACTOR EXPR f EXPR g EXPR EXPR

Theterminalsymbol is ametavariablede ned as:
AttributeLisfatt.name]

Thespeci cationof the metavariablerestrictscalculatedattribute formulasto only include
real numbersand/orattributesfrom the classin which the calculatedattribute is de ned.



link_path is a comma-separatelist of AlDs, attribute names,or Links betweenclasses
listing in correctorderthe location of the attributesparticipatingin the establishmenof
the necessaryelationshipsvhenaddingattributesto a class.This elementis setto NULL
if the attribute is native within the class. The processof addingattributesis described
below.

Link=(classnamelink_type link_role)

The Link setdescribesa link betweentwo classesn a UML diagram,classnameis
the nameidentifying the classfor which a link exist, link_typeis eitheran associatioror
aggreyation,andlink_role is usedfor naminganassociatiortypelink.

Pointso= (classname link_type source card, target card)
souicecard 0.x 1.* targetcard = 1

The Points™ setdescribedinks betweenclassesn the UML snaw ak e diagram. The
attribute classnameis the uniquenameidentifying the classfor which a link exist. Each
link is acardinalityspeci edassociatiomr aggreyationdescribedy theattributelink _type
Further source.card andtarget.card is the cardinality speci ed for the sourceand the
targetof thelink, respectrely. Thevalueof source_card is dependingon whethedink _type
is anassociatioror aggreyation,accordingto De nition 1. Finally, target card is always
setto 1.

ExAMPLE: UML Snow ak e Diagram Sets
Considerthe UML snow ak e diagramseenin Figure2. The attribute list for dimension
class‘ec” isde ned as:

AttributeListc id, NUMERIC, 1, URLcomponenglass/ec.idNuLL,
NULL, descriptve,NULL ),
name,TEXT, 1, URLcomponeniclass/ec.namejuLL, NULL,
descriptve, NULL )

It speci esthat class“ec” hastwo attributes;“id” and“name”. Notice thatthe “id” at-
tribute is implicit in the graphicalrepresentationf the UML snow ak e diagramin terms
of the associationbetweenclass“ec” and class“fact”. “name” has datatype TEXT,
andNULL valuesare not allowed for this attribute. Furthermore,'name” is locatedat
URLcomponeniclass/ec.namayhere“class/ec.nameindicatesthat “name” is an attribute
within the “ec” elementnestedbeneaththe “class” element. The two NULL-valueele-
mentsin thetuplespeci esthat“name”is nota calculatedhttributeandthatit hasnotbeen
addedo the classthroughalink path.The Points™ setfor class‘fact”is de ned as:

Points o4t ec,ASSOCIAION, 0..*,1 , customerASSOCIATION, 0..*,1 ,
day, ASSOCIATION, 0..*, 1

It speci esthatclassesec”, “customer”,and“day” arethe lowesthierarchylevelsin the
dimensionf “fact”. O



4.2. UML Snow ake Diagram Construction

The designerconstructshe UML snow ak e diagramby choosingelementsrom various
datasourcesdescribingthe domainof the model. Eachdatasourceis describedvisual-
ized)by a UML diagramandthe designercreateslassesn the UML snow ak e diagram
by choosingoneor moreUML classegrom diagramsdescribinghe datasourcesSeveral
UML classedrom the diagramscanbe usedto createonesingleUML snov ak e diagram
classaswell asoneUML classin adiagramcanbeusedto createmultiple UML snow ak e
diagramclasses.As mentionedabove, this processs supportedoy built-in “designpat-
terns”in the GUI designtool. Eachclassin theUML snow ak e diagramis constructedy
choosingoneclassin a UML diagramasthe foundationfor the UML snaw ak e diagram
class.This classis extendedby addingattributesfrom otherclasseseitherfrom the same
diagramor from UML classe®riginatingfrom otherdatasources.

EXAMPLE: Creatinga FactClass

ConsidettheUML diagramto theleft in Figure3 modelingsalesof componentsEachsale
hasa uniqueid identifying the sale (“salesID”) andanid identifying the customerwho
boughtthe componentg“customeriD.\alue”). The class“item” describeghe price and
id of the sold components.The aggreyationrelationshipbetweerthe two classehaving
cardinalitiesl and 1..* modelsthat one or more componentare sold to a customerat a
time. Theclass‘time” stateghetime of thesale.

sales

salesID
date.value
customerID.value

fact
sales_price

1 ”*
item

price.value
componentID.value

Figure 3. UML DiagramsDescribingSalesandthe FactClass

A factclassfor analyzingsalesof componentganbe constructedrom theclassesn the
UML diagram.In this casethefacttableis constructedrom theclassessales”and"item”
whichtogethercontainthedatato beused.Thefacttableis simply createdby constructing
anew elementin the setSnow akeDiagram, namingthe classandsettingthe elementsn
the AttributeListto the nameandlocationof the attributesselectedo be usedasfactdata.
Theclass'item” is usedasthe foundationfor the factclassasit hastheright cardinality
(oneoccurrenceper saleof a givencomponent) Attributesfrom class“sales”is addedto



thefactclass,yielding the following attribute list for the fact class(someof the attributes
have beenrenamed):

AttributeListact customerIDNUMERIC, 1, URLggesSales.customeriDalug
NULL, NULL, descriptve, NULL
date,DATE, 1, URLggegSales.dateatlug NULL, NULL,
descriptve, NULL ,
internComponentIDNUMERIC, 1,
URLgglesSales/item.componentiDalue NULL,
( (item,AGGREGA'ION, NULL) ), descriptie, NULL
salesprice, NUMERIC, 1, URLggesSales/item.pricealue
NULL, ( (item,AGGREGA'ION, NULL) ), measureSUM

The constructedact classis illustratedto the right in Figure 3 containingthe measure
attribute“salesprice”.

O

Adding Attrib utesto UML Snow ak e Diagram Classes Whenconstructingclassesn

theUML snow ak e diagrameachclassoftenconsistsof a numberof attributesoriginating
from a single classin somedatasource. In mary casesthough,it is desirableto add
additionalattributesto the UML snow ak e diagramclass. As an example,if a retailer
would like to analyzepro t for speci ¢ products,datamustexist thatdescribethe actual
saleof the productalongwith datastatingthe amountof money paid by the retailerfor

the product. If the UML classcontainingthe attributesusedto constructthe fact class
doesnot containthe requireddata,the attribute setfor the classhasto be extendedwith

extra data. If a UML class is extendedwith additionalattributesfrom anotherUML

class ,itisrequiredthatapathof UML classes ( ) exists,wherethe
cardinality of therelationshipbetween and is mary-to-one. It is not requiredthat
the pathfrom  to is locatedentirely within one UML diagram,makingit possible
to includeattributesfrom differentdatasourcesFurthermorethe attributesusedto create
new links betweerclassesnusthave modi er equalto 1, in orderto avoid NULL values
in comparisorexpression.The following OQL expressionis a generaldescriptionof how

torede neclass to ,whichincludesin its de nition theattributesfrom class andthe
attributes fromaUML class . Notethatthe OQL is only atool for getting
a precisespeci cation, so the designerdoesnot have to write OQL. Instead the OQL is

generatedby the designGUI, allowing thedesigneto stayattheconceptualevel.

SELECT
FROM
WHERE AND
AND
AND
AND

The SELECTclauselists the attributesin class , in this caseall the attributes  orig-
inally in  andthe attributes to  ( ) from class . The path expression



is usedto retrieve the attribute by going throughthe path

, de ned within oneUML diagram.
Sinceit is notrequiredthatthepathfrom to  islocatedentirelywithin onediagram,
a connectiorbetweernthe diagramsusedto retrieve the desiredattributesis neededvhen
addingattributesfrom anotherdatasource.This connectioris establishedn the WHERE

clause wherethe expressionde nes a pathfrom to aclass . Theclass is
locatedin thediagramin which the classcontainingthe attributes is located.
In the WHERElauseabore, the attributes and areusedto connectclass and

. Theconnectioris establishedy matchingonthe valuesof theseattributes.Eachtime
aconnectioris establishedetweertwo classesan ANDclausds addedo the expression.
Thereasorfor establishinganexplicit connectiorin the WHERElausebetweerthe UML
diagramsandnotintegratingthe UML diagramsy addingassociationsr aggreyationsbe-
tweenclassesis thatthe diagramamay originatefrom differentdatasourcesandwe want
to eliminatethe overheadnvolvedin conceptuallyintegratingthe diagrams.Sincethe es-
tablishmenbf connectiondetweerclassedn differentdatasourcess basecentirelyonthe
designersknowledgeaboutthedatasourcesit is notpossibleto ensureghata mary-to-one
relationshipexist betweerthe involved classesasis requiredto ensuresummarizability
Thatthis constraintreally holdshasto be checledat querytime whentheactualmatching
of attributesis performed.The FROMclausestatesall the UML classeghatareusedin the
attribute-addingprocess.The namesof the addedattributes arede ned by
thedesignerTheonly restrictionis thatthe namef all attributesin class  aredistinct.

ExAMPLE: Adding an Attrib ute

As an exampleof how to addan attribute to a classconsiderthe following problem. A
retailerwould like to analyzepro t of productssold. In orderto calculatepro t, datais
neededhat describethe costof the productalongwith datastatingthe salesprice of the
product. As it canbe seenfrom the UML diagramin Figure4 (a) only datastatingthe
salespriceis present.Therefore additionaldatais needed.Theinformationneededthe
purchaseprice) is available,but is locatedin anotherdatasource. The UML diagramof
interestis diagram(c) in Figure4, describingthe componentsold by the supplier The
componennumberingsystemusedby the retaileris differentfrom the one usedby the
supplier soin orderto map betweenthe two numberingsystemsthe UML diagramin
Figure4 (b) hasbeenconstructedby theretailer Asit canbeseerfrom Figure4, noexplicit
relationshipexist betweerclass‘f act” (theclassto be extended)andclass‘unitprice” (the
classde ning the desiredattribute “price.value”). In orderto retrieve the “price.value”
attribute an explicit path hasto be establishedrom “fact” to “unitprice”. This pathis
illustratedin Figure4 assolid lines from diagram(a) throughdiagramg(b) and(c). The
graphicalillustration of pathestablishmenandattribute retrieval (dottedline in Figure4)
is accomplishedby executingthe following OQL expression:

SELECTfact.internComponentlDact.salegrice,ec.unitprice.price aue
FROMact,product,ec, unitprice
WHERHEact.internComponentlB product.ourid ANDproduct.id= ec.id

The retailer is able to extend the “fact” classwith attribute “price.value” (renamedby
the designerto “cost”) becausea mary-to-onerelationshipexist betweenthe attributes



[ [
\ - \
\ supplier \ class
\ \
\ name \ name
! address !
\ phone \
! URL !
\ \
\ \
\ \
\ \
| 1 | 1
\ \
\ \
| 0.* | 0.%
} product } ec
fact | name _I—l——»id
sales_price ! id ———— ! name
internComponentID : et OUr_id I gatecount.value
COSt  ~ag = = = = A R ,} } pincount.value
[} |
[} |
[} |
1 \ 1
[} |
[} |
[} |
[} |
b mmcmmeemmmm-= y 1
} ' } unitprice
L]
} ! } number.value
\ '-1= = = | price.value
\ \
\ \
\ \
\ \
\ \
\ \
\ \
| |
(a) (b) (c)

Figure4. UML Diagramga), (b) and(c)

“internComponentlD"and“our_id”, andbetweenrthe “id” attributesin classesproduct”

and“ec”, respectiely. Theserelationshipsarenot “physically” presen{in form of either
associationsr aggrayations) but is tacit knowledgetheretailerhasaboutthe domain.As

describedabove, eachattributein aUML classis describedy differenttypesof elements.
lllustratednext is the AttributeListelementdescribingthe attribute “cost” in class"“fact”.

Notice the elementlink_path (the last elementin the tuple) describingthe orderedlist of

AlDs locatingthe attributesusedin the establishmenof the necessaryelationships.lt is

assumedhatUML diagrams(a), (b), (c) in Figure4 arelocatedat URLact, URLsypplier

andURLcomponentrespectiely.

cost,NUMERIC, 1, URLcomponenglass/ec/unitprice.pricealue NULL,
(internComponentIDURLgyppliersupplier/product.ouid,
URLgyppiier:supplier/product.idURLcomponericlass/ec.id)



4.3. SpecifyingODLAPDBson XML Documents

WhenspecifyingOLAP DBswith theUML snow ak ediagramsomepropertiesnherently
connectedo XML datacanbe exploited. As mentionedabove, this is supportedy built-
in “design patterns”that the designercanchoosefrom in orderto easethe speci cation
process.

Thegeneraktructureof XML datais ahierarchicatree-structuref dataelementzaused
by the nestingstructureof XML. The nestingstructureof XML is mostly usedfor group-
ing andsub-groupingelatedinformationwhereaghe actualdatais oftenfoundattheleaf
level of the XML tree.(Abiteboul,1997, Pinnocketal.,2000 This meansthatthereis a
high probability of nding relevantfact datafor usein the OLAP DB at the leaf level of
the XML tree. The factdatais the ultimate child in somenestingpath originating from
theroot, correspondingo a hierarchicaldescriptionof the factdata.In otherwords,for a
givenelementn the XML tree,the elements ancestorsogethere ne ahierarchicallyor-
ganizeddimension.ThealgorithmgenerateUML (Jenseretal., 20013 is designedsuch
thatthe hierarchicalstructureof the original XML documents presered andvisible in
the UML diagram.In the generatedJML diagram,the nestingrelationshipbetweenrele-
mentsin the XML documentis preseredby relatingthe nestedlassesisingaggregation.
This correspondgloselyto the “consistsof” relationshipimplied by nestingelementsn
XML, andtherebyalsoto the multidimensionalunderstandingf a hierarchywherethe
ALL-element(correspondingo therootin the XML documentde nesthe mostgeneral
case(Grayetal. 1997. However, a few specialcasesoccurringin someXML designs
needsspecialattentionwhenspecifyingan OLAP DB usinga UML diagramderivedfrom
aDTD. Thespecialcasesare:

A UML classhaving multiple parents
ID-referencedetweerelements
Recursiorbetweerelements

Theway of handlingthesespecialcasesn the designof anOLAP DB is describedelow.

A UML classhaving more than one parent If aclasshasmorethanoneparentin the
UML diagram(i.e. it is pointedto by morethanoneclass),it is ambiguougo which part
of the overlying hierarchythe classbelongs.This problemcanberesohedin threeways.
First, we can“split up” the overlying hierarchyin asmary partsasthe numberof parents
to theelementandthenchoosewhich partof the hierarchyto use.As anexampleof this,
considerFigure5. Theclass‘unitprice” hastwo parents;ec” and“device”. If thepurpose
of the OLAP DB is to analyzethe salesof component®nly (no devicesaresold by the
retailer),thedesigner knowing thatonly componentsresold- would chooseo useonly
thepartof thehierarchywhere“ec” is parentof “unitprice”.

Second,if the purposeof the OLAP DB is to analysesalesof both componentsand
devices, but independentlythe fact table and the productdimensionhasto be split by
producttype. This will resultin two fact tablesandtwo dimensiontables,one set for
componentandonefor devices. Thesplitting of heterogeneouscttablesanddimensions
is a commonmultidimensionaimodelingissueandwill not be explainedin detail here,
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Figure5. UML DiagramDerived From The ComponenDocumentDTD

see(Kimball, 1996 for a detailedexplanation. Third, we can meme all the parentsof
a classinto one single class. In the exampledescribedin the previous paragraphthis
would meanthat“ec” and“device” aremeigedinto oneclass,actingasa single parentto
“unitprice”. This enablesanalysisof “unitprice” asa descendentf a new commonclass,
which in this examplecould be called“item”. Which solutionto useis a decisionto be
madewhendesigninghe OLAP DB, dependingon the purposeof the database.

ID-r eferenceshetweenelements In XML it is possibleto make referencebetweerele-
mentsusingIDREF/ID constructs Thesereferencesrerepresenteth the UML diagram
asdirectedassociationdetweenthe classeshaving an ID-referencerelationship. When
designingthe OLAP DB, a decisionhasto be madeof how to handlethesereferencesin
this case two solutionsarepossible. The rst solutionis to simply ignorethe reference.
If makinganalysisof salescomparedo classe®f componentsthe designercould argue
thatthereferencdrom “ec” to “device” (Figure5) indicatingthatthe components used
to build that particulardevice, is of no relevanceto the analysisandthereforeignorethe
reference.The secondsolutionis to include the informationfrom the elementbeingre-
ferredto in thereferringelement.In the examplethis would meanthatthe attributesfrom



the“device” classarecopiedto the“ec” classtherebycapturingtherelationshipbetween
“ec” and“device”. To includeinformationfrom the elementbeingreferredto, a mary-
to-onerelationshipmustexist betweenthe referringandthe referredelementin orderto
ensuresummarizability In caseof anoptionallDREF attribute or anIDREFSattributethis
constrainis clearlynotsatis edandthereforesuchdatacannoteusedn thespeci cation.

Recursion betweenelements The possibility of de ning elementgecursvely in XML
causesomeproblemswhendesigningthe OLAP DB. Recursiely de ned elementscan
- in theory- generateanin nitely deephierarchyso a decisionhasto be madeaboutthe
maximumdepthof the hierarchy In the hierarchygeneratedby a recursve de nition, the
sameclassde nesdifferentlevelsin thehierarchy As anexample,in arecursvely de ned
XML documenthaving a recursve depthof , the sameclassde nes differentlevels
in the generatedhierarchy A hierarchyin OLAP termsis a hierarchyof generalization
wherethe top level de nes the mostgeneralcaseand the lowestlevel de nes the most
speci ¢ case Again,two solutionsarepossible First, thedesignecanchooseo ignorethe
recursve de nition by settingthe maximumrecursve depthto zero.Secondtherecursve
de nition canbe un-foldedto a x eddepth,usuallyonly or , allowing thereferenced
informationto be usedin the speci cationof the cube. This choicemustbe madeby the
designer However, the problemof recursionis not necessarilya big one. As claimed
in (Pinnocketal., 2000, recursiongventhoughpossiblein XML, is not usedextensiely
for corventionaldatamodeling,makingrecursionunlikely to appeaiin the datausedfor
building the OLAP DB.

4.4. Example:Constructionof a UML Snow ake Diagram

Thefollowing exampleillustratesthe constructionof a UML snawv ak e diagramaccord-
ing to De nition 1. TheUML snow ak e diagramconstructeds thediagramin Examplel
which enablesanalysisof componensales.The diagramhasthreedimensiongiescribing
customerscomponentsandtime. The snov ak e diagramis constructedrom two dif-
ferentXML documentsandonerelationaldatasource. The UML diagramderived from
the salesdocumenDTD, which describesalesof componentss seenin Figure3. It is
assumedhatthe XML documentis locatedat URLgzes The componentiocumentde-
scribingthe suppliers productsusedin this exampleis seenin Figureb. It is assumedhat
the XML documents locatedat URLcomponent Datadescribingcustomes is storedin a
relationaldatabaseAs assumedn Section3 a UML diagramis availabledescribingthe
relationaldatasource. The URI statingthe location of the datasourceis assumedo be
URlIcustomer FOr eachcustomeydatais storedin the relationaldatabasetatingtheid of
thecustomerthe name the addresgstreetandnumber) the city, andthe countryin which
thecustometives.

We now proceedo describeheconstructiorof aUML shav ak e diagramfrom thedata
sourcesdescribedabove. The constructedsnowv ak e diagramenablesanalysisof pro t
dimensionedby customercomponentype,andtime. TheOLAP DB canbeusedo answer
gueriessuchas“Whatis thetotal pro t of componentdelongingto class‘'semiconductor”
soldin theyear2000”. Theintuitionis to constructfactclasscontaininga measuretating
theprot for eachsale. Furthermoredimensiongdescribingcustomerscomponentsand



time areaddedo theUML snaw ak e diagram.Thefollowing describehe constructiorof
thefactclassandthethreedimensions.

The contentof thefact classis primarily composedf datafrom the salesdocumenias
describedn Example4.2). Additionally, to calculatethepro t for a sale,datastatingthe
costof the productsoldis needed.The attribute “cost” statingthis amountis addedfrom
thecomponentlocumentasdescribedn Example. Theattribute“pro t” is calculatecby
subtracting‘cost” from “salesprice”. ThesetAttributeList,; is shavn below.

AttributeListact customerIDNUMERIC, 1, URLggesSales.customeriDalug
NULL, NULL, descriptve,NULL
date,DATE, 1, URLg,egSales.dateatlug NULL, NULL,
descriptve, NULL
internComponentIDNUMERIC, 1,
URLgglesSales/item.componentiDalue NULL,
( (item,AGGREGAION, NULL) ), descriptie, NULL
salesprice, NUMERIC, 1, URLggesSales/item.pricealug
NULL, ( (item,AGGREGAION, NULL) ), measureSUM ,
componentiIDNUMERIC, 1, URLgyppiierSupplier/product.id
NULL, (internComponentIDURLgyppiier: SUpplier/product.ouid) ,
descriptie, NULL
cost,NUMERIC, 1, URLcomponenclass/ec/unitprice.pricealue,
NULL, (componentIDURLcomponenclass/ec.id)measureSUM
prot, NUMERIC, 1, NULL, salesprice- cost,NULL,

measureSUM

Points T4t is the setof classeghat “fact” is connectedo throughassociationsvith
cardinalitiesasde nedin De nition 1. Theclassearticipatingin the PointsT setis the

classesec”, “customer”,and“day”, indicatingthatthesearethe lowesthierarchylevels
in thedimensiondo thefactclass.

PointsOgact eC,ASSOCIATION, 0..*,1 , customerASSOCIATION, 0..*,1 ,
day, ASSOCIATION, 0..*, 1

ComponentDimension The componentlimensioncontainsdataoriginatingonly from
the componentocument.Only a subsebf the documenis usedto createthe dimension
classes. The classegarticipatingin the dimensionare “ec” and“class”, which dueto
theiraggreyationrelationshipcanbeuseddirectly asa hierarchicallyorganiseddlimension,
therebyexploiting thehierarchicallystructureof the XML documentThesetAttributeList
for thedimensionclass‘ec” is shavn below.

AttributeListc (id, NUMERIC, 1, URLcomponericlass/ec.idNuLL, NULL ),
(name,TEXT, 1, URLcomponenglass/ec.nameyuLL, NULL )

The Points™ setfor class“ec” is shovn belov. The setcontainsan aggreationtype
link, indicatingthatclass‘class”is a hierarchylevel immediatelyabose the“ec” level.

PointsToec (classAGGREGAION, 1..%,1)



ThesetAttributeListfor thedimensionclass‘class” is shavn below.
AttributeList|ass (name,TEXT, 1, URLcomponenclass.nameyuLL, NULL )

The Points™ setfor class“class” is shavn belon. The setis empty indicating that
“class”is thetop level in thecomponentimensionhierarchy

Points-bc|ass

Customer Dimension The datadescribedby the UML diagramin Figure6 is usedto
createthe customerdimension The dimensioncontainstwo hierarchylevels, “customer”
and“country”. “country” is chosenmasa hierarchylevel becauset is moregeneralthana
speci c addressThe“customer”level containgheattributes‘custid”, “name”,“address”,
and“city”. The“country” level containgheattribute “country”.

customer

cust_id
name
address
city
country

Figure6. UML DiagramDescribingCustomeiData

The setAttributeListfor the dimensionclass‘customer”is shovn belov. The Attribute
Identi er (AID) for the attributesis the URI statingthe locationof the relationalsource,
thetablename andthe nameof the attribute.

AttributeListustomer (custid, NUMERIC, 1, URI¢ystomeicustomeicustid, NULL,
NULL ),
(name,TEXT, 1, URIcystomeicustomenameNULL, NULL ),
(addressTEXT, 1, URI¢cystomercustomermddressyuLL,
NULL ),
(‘city, TEXT, 1, URIcystomeicustomercity, NULL, NULL )

The Points setfor class“customer”is shovn belowv. The setcontainsan aggreja-
tion typelink, indicatingthat class“country” is a hierarchylevel immediatelyabove the
“customer”level.

POintS-bcustomer ( COUntry AGGREGAION, 1..%, 1)
ThesetAttributeListfor the dimensionclass‘country” is showvn below.

AttributeListountry (country TEXT, 1, URIcystomeiCustomexcountry NULL,
NULL )

The Points™ setfor class“country” is shovn below. The setis empty indicatingthat
“country” is thetop level in the customedimensiorhierarchy



I:’Oints-bcountry

Time Dimension Thetime dimensiorcontainsdataoriginatingonly from the salesdoc-
ument. Only the“date” attribute in the “sales” classof the documenis usedto createthe
time dimension.As describedn Examplel, thetime dimensioncontainstwo hierarchies.
The dimensionhastwo hierarchiesincewe wantto roll up from daysto bothweeksand
months but weeksdo notroll up to neithermonthsor quarters.

ThesetsAttributeListandPointsTo for eachclassin thetime dimensiorareshavn below.
ThePoints™ setfor class‘year” is empty indicatingthat“year” is thetoplevel in thetime
dimensiorhierarchies.

AttributeListjay (day_name,TEXT, 1, URLggesSales.dateyuLL, NULL )
(date,DATE, 1, URLggegSales.dateyuLL, NULL )
(weekid, NUMERIC, 1, URLggegSales.dateyuLL, NULL )
( monthid, NUMERIC, 1, URLggesSales.dateyuLL, NULL )
PointsOgay (week,AGGREGATION, 1..*, 1), (month,AGGREGATION, 1..*,
1)

AttributeListyeek (weekname TEXT, 1, URLggesSales.dateyuLL, NULL )
(weekid, NUMERIC, 1, URLggegSales.dateyuL L, NULL )
(yearid, NUMERIC, 1, URLgyegSales.dateyuLL, NULL )
PointsToweek  (Year AGGREGATION, 1..*%,1)

AttributeLiStnonth (month.name, TEXT, 1, URLggegSales.dateyuLL, NULL )
( monthid, NUMERIC, 1, URLgyesSales.dateyULL, NULL )
(quarterid, NUMERIC, 1, URLgyesSales.dateyuLL, NULL )
Points®month (quarterAGGREGATION, 1..*, 1)

AttributeListuarter (quartername,TEXT, 1, URLggesSales.dateyuLL, NULL )
(quarterid, NUMERIC, 1, URLggesSales.dateyuLL, NULL )
(yearid, NUMERIC, 1, URLggjegSales.dateyuLL, NULL )
POintS-bquarter ( yeal AGGREGAION, 1.*,1 )

AttributeLisyear (yearname,TEXT, 1, URLggegSales.dateyuLL, NULL )
(yearid, TEXT, 1, URLggesSales.dateyuLL, NULL )

PointsOyear

Snow ak eDiagram ThesetSnow akeDiagramis constructedby creatingtuplesfor each
classparticipatingin thesnow ak e diagramin this case'fact”, “ec”, “class”, “customer”,
“country”, “day”, “week”, “month”, “quarter”, and“year”. The contentof thesetuplesis
the name the AttributeList andthe PointsT setsfor eachclass. Theresultingsnow ak e
diagramis the seenin Figure2. The diagramhasthreedimensionswith two or three
levelseachandthreemeasurespf which“pro t” is calculated.The precisecontentsof the

shav ak e diagramis speci ed below.



Snow akeDiagram= ( fact, AttributeList,ct, PointS™¢act ),
(ec,AttributeLiskc, PointsToec ),
( class AttributeList)ass POINtSO¢ass),
( Custome,rAttributel_istustomer Points-bcustomer),
( Country Attributel_ist;ountry, Points-bcountry),
(day; AttributeListjay, PointsOgay ),
(week,AttributeListyeek POINtSOyeek),
( month,AttributeListyonth POINtS®month),
(quarter AttributeListuarter, Points Oguarter ),
(year AttributeListear, PoiNtsOyear)

5. Conclusionand Futur e Work

Motivatedby the increasinguse of OLAP tools for analyzingbusinessdata,and XML
documentdor exchanginginformationon the Web, this paperdescribedan approacHor
specifying(virtual) OLAP cubeson XML data facilitatingthe useof XML andrelational
databy existing OLAP toolswithout requiringphysicalintegrationof data.

This paperproposeda multidimensionaimodel,the UML snow ak e diagram,enabling
a precisespeci cation of an OLAP DB basedon multiple XML and/orrelationaldata
sourcesThe UML diagrammingnethodwasusedfor describingandvisualizingthelogi-
cal structureof XML documentseasinghe designof the OLAP DB. The paperdescribed
how to handlethe specialconsiderationshat needto be taken whendesigningan OLAP
DB ontop of XML data. Also, an architecturefor integrating XML dataat the concep-
tuallevel waspresentedThearchitecturealsosupportedelationaldatasourcesmakingit
well suitedfor building OLAP DBswhicharebasedartly onin-houserelationaldataand
partly on XML dataavailableon the weh We improve on previous work on integration
of web-basedlataby focusingon dataintegrationat the conceptuatatherthanthelogical
level. Also, the dataintegration approachtakes special OLAP issues,suchas handling
dimensionswith hierarchiesandensuringsummarizabilityinto account.

Theimplementatiorof aprototypeusingtheapproachiescribedn thispapelis currently
in progressA veryimportantaspecbf theimplementations to investigateef cient query
processingechniquessuchas querytranslationsand datacaching. Storing higherlevel
summarief the datacan also speedup query processingconsiderably Furthermore,
if XML Schemaadwanceso a W3C Recommendatioit would beinterestingto consider
usingthisricherformalismfor describingKML datasourcesnsteacof usingDTDs. Other
aspectof XML, suchaswhethempreserationof documenbrderis of relevanceto OLAP
analysisshouldalsobeinvestigated.
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