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Abstract: OTwoOmainOproblemsOarisellinOmodel lingOdatal lwarehousel]

structures.[T heffirst[éonsi stslinléstabli shinglan(adequatelriepresentation(of [

dimensionslinCorderfolfacilitatel@ndioltontrol (thelanal ysi sfoperations.]

Thelkecondrel ates tol themodel lingCof Dvari ous typesCbf Carchitecture. [

Researchlvork[tledi cated(olthelTirst[problemChasbeentonducted, @ndC]

adequate ol utions havebeenproposed.T he[secondproblemChasChot [

receivedsomuchiattention.CHowever, (therell sCla heedtoapprehend]

complex[structureslinterconnectingldi mensi onslandfactslinlVari ousiways. [

I nlthi sipaper, iivelproposelalmodel [throughhivhi chidi mensionslat [different

|evel sCtanbelshared[between(different[factsCandVariousliel ationships]

between(theseacts tanbeldescribed.[Wsingthistmodel ,lveThenldefinel]

thelfioti on(of wel | -formedivarehouselStructures. [

a
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1[Mntroductionl]
TheltasksCof [desi gnCandOmpl ementati on[of (e tlatalvarehouseltannotbelachieved
without(@dequatelihodel li nglof [dimensi onsland(fiacts. I
0  Concerningltheliodel li nglof [di mensions, [thelobj ectivelisofi nd@nldrgani zation
whichl¢orrespondsiiolihelanal ysi sLbperati onsiandiivhichprovidesistrictléontrol Cover
howthelaggregationstan[belmade.(0nparticular[itfismportanttolavoi dCtouble-
counti nglor [Summati on(of [hon-additiveldata. M anyStudi eslhavebeenldevotedfolthi sl
problem.OM ostCrecommendCorgani zi ngCtheldmembersCof Callgi venCdi mensi onCinto
hi erarchi esOwithOwhi chTheCaggregati onCpathsCcanChelkexplicitlyCdefined. O n]12],0
hi erarchi esl@reldefi nedBy heans(af [@dontai nmentfuncti on. (7], theldrgani zati onlaf
alldimensi onCresul tsOf romOtheIf uncti onal CldependencesOwhi chCexi stObetweenits[
members, CandCalmulti-dimensi onal Chormal (formQ sCdefined. (0 n 6], the(functional O
dependences(arel@l soluisedibldes gntheldi mensi onslandiblrel ate[flactsioldi mensions. [
In[]1],Mel ati onshi pshetweenlevel slin@hi erarchy @relapprehendedthroughfhePart-
Whol elSemantics. In[]I14], [di mensi onslarelorgani zed@roundthelnioti onlaf [@ldi mension]
pathOivhi chlis(@ $et[of [dirilling(tel ationshi ps.[T helinodel [is[¢entred[dn & parent-child[]
(oneliblthany) rel ati onshi pliype.[Adrilli ng (el ati onshi pldescribeshow fhelmembers(of [
al¢hildrenevel [tan[belgroupedlintolsetsiihat ¢orrespondiolmemberslof Thelparent]
level.dN[13], @ldi mensi onlislviewed@s[adlatti ce@ndBwolfuncti ons@nc@ndldesc@rel]
usedolperformiiheldol | [Wplanddheldrill [downloperations.I11] [proposesianiéxtended
multidimensi onal [dlatal model Divhi chlis[&l solbased[on[&Tatti cel$tructure,Landvhich
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provideslnon-stricthierarchies{i.e.[fnany{olmany [fel ati onshi psibetweentheldi fferent
level slinf@ldi mension).

O Modelinglof factslandthei rtel ationshi psthavelhot (iecei ved[$oluch@ttention. [
Factslarelgeneral ly[¢onsi deredlin&[$ mple(fashi on[vhich[tonsi stslintel atingafact ]
with[theltootslof (the[tlimensions.[However, therelisla heed[for[tonsideringCimorel]
sophi sti catedStructuresivherelfhelsamel$et [of [di mensi ons[@rel¢onnectedToldli fferent
fact[iypesl@ndiivherel$evera fact[fypes@relinter-connected.[T helinodel [dlescribedin]
[11] ipermitsiSomelpossibilitieslin(thisidirection. I

O  Apartfromiheselstudiesfitlisimportantfolmotelari ouslpropositions(]2,[3,[5,10] O
forCtubiclimodel sCiwherelthelprimary[bbj ectiveli s theltefinition[of CanCal gebral ford
multidimensional [@nalysi s.[Othersiorksimust[@l sobelrnenti oned. (4] ,[@Sol utionlik]
proposeditolderive[Jmultidimensional CstructuresCifromOE/ROschemas. Ol n[ 8] Cared
establishedhecessary[tonditi onsfor[$ummarizability GinCmulti di mensional [$tructures.[]
In[9] islSuggested@niormali sedrel ational [fhodel [for [datalwarehouses. [T

0  Ourldbjectivelihthi sipaper(isiblpropose@rnodel whichidanbeltiisedibl@pprehend
the[sharingLCof Cdi mensi onsCin[Various[WaysCandtol tescribeldifferenttel ationships]
betweenfactfypes.[Usi ng(ihi siinodel , ivelvil | (3l soldefi nelthelhoti onlof ivel | -formed
warehousel$tructures.CBuchltructuresihaveldesirabl e[properti esfor [appli cations.[Well
suggestCalgraphCrepresentati on[ForOsuchCstructuresCOiwhichCcanChel pCtheCusersCin
designinglandlrequesti nglaldatalwarehouse. [N

O ThelpaperfisCorganizedCasTollows: [sections[2And B tespectively[present[the[]
model lingCof (FactslandThelimodel li ngCof [l mensi ons; [$ecti on[4presents theltypical O
structuresiivelwant(@bodel ,[and(defi neslthelnoti onlaf wvel | -formed(structures; [Section
5Cshowsthelability Cof CourCmodel [toldescribelTealisticltases; [kection[BLdiscusses(]
relational [thapping.O

0

2[IM odellingfacts(IT
0

Fact[type.[AFactlislusedtoltecordCmeasureslor [statesl toncerningCanCevent[or[a]
situation. M easuresland(states{danbel@nal ysedthroughldi fferentldriterialorgani zedin{
dimensions.[]
0 Alfactypelis@structurel
O fact_name|(fact_key),[(ist_of reference_attributes),[{list_of fact attributes)]C
where[]
-0 fact_namelisthefiameloftheltlype;
-0 fact_keyOsCaistCof Cattri buteChames; [the€oncatenati onCof [thesel&ttributes
identifiesi@achlihstancelof thelfype; 0
-0 list_of reference_attributesisCalllistClof Oattri buteClnames; OeachOattributed
referenceslaimember [ih(aldi mensi onlor [@nother flact lihstance; [
-0 list_of fact_attributeslis(ai st[of [@ttri butehames, [@ach@ttri butelis@neasure]
forthelfact.0
0 ThelsetCRD[bf [referencedTdi mensi ons_compri ses the[dimensi onsCiwhichCare[d
directlyteferenced@hroughliheldist_of reference_attributes, [but[l soltheldimensions]
which(@relihdirectlyeferencedihroughldther [facts. [T
0 Eachlfiact[@ttributeldanbe@nal ysed@ ongleach(of [theldi mensi onsiof (RD.[Anal ysi s[]
i sClachi evedthroughtheltomputi ngCof Caggregatel functi onsCbnthelval uesCof [(this]
attribute.[A s[In(]6], wveldli stingui shthreelevel slof [Summari zability for [Efact (ttri bute
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relativetoal i mension: OSCwhichCimeansthat (ISUM CandChl  (thebther Caggregatel]
functionslarepossi bl e;[D{others) WhichCimeansihat[al | RhelBggregateunctionsare]
possi bl elé&xcept (BUM ; LCOWhi chCOmeans(that[only[theCCOUNT CfunctionCisCpossible.[]
I ndicatorsCof (Summarizability [@relplacedlin(parenthesesafter ihelhamelof (éachfact ]
attribute.C)

0 Therelmaybelholactattribute; [inthi sLcasel@fact[fecordsiheldccurrenceldf [an[]
event(or(alSituati on.Iin[Suchldasesl@nal ysi sldonsi stslinfdountingldccurrences(Sati sfying]
aldertainfdumber [6f [donditions.[]

0 Forlihelheedslof LanCapplication, [tlispossibl elfolintroduceldifferent[factypes
sharingldertai nldi mensi onsiandfavinglref erencesBetweenihem.

O AQactlattributelis[$ai d[tolbelbasi clif [itLcannot[belderivedFromthelother fact[]
attributes.O

0 Twoldimensions@relindependent(if therelisholrel ationshi pbetweenlamember [0f [
thelfirstiand@rhember(dfthelSecond.(]

0 Aldimensionlisidegeneratediin@fact fypelif itslreferencel@ttri butelisriepl aced by @]
val uelattribute.[In[dther livordsihel@nal ysi slilslachi eved by [di rect [liselof (thelVal uesiof [
thislattribute.

O

Definition[1[{well-for medact fype). A [Hact Fypelisiivel | -formed(if Therelis(at Meast (]
oneldi mension[{possibly[dlegenerated), [if (theltef erenced[di mensi onslarelindependent ]
of [@achlather, [if theflact[@ttri butesarelal | basi c,[and[if [@nal ysi slof [éach[Tlact [@ttri butelis[]
possi bl elthroughlany [of [thelref erenced(di mensions.[]

0

Examplell.I et[uisidonsi der fhelfiol lowi ngfact fypefor inemori zingfhelsal eslinlalSet (1
of[Stores.O]

([MTTTal eq] (ticket_number,[product_key),[{time_key,[product_key,Store key),O

O O [Qprice per_unit(O,0,0),[duantity(0,0,0))] 0D

0 Saedlis@vell-formedact@ype.[T helkeylis{ticket_number,[product_key).[This]
meanslihat fherelisanlinstancelof [(Bal esor [éachldi fferent [product [of (@i cket. [T herell
arelthreeldimensi onlreferencesCIiime_key,product_key,Store_key. T herel@refivofact]
attributesCIprice_per_unit,[quantity.Iindicatorsiof [Summarizability@reldl | [équal ToD.
O

3IM odellingldimensions(II

M ember [0f [aldi mension. [T heldifferent(driteri alivhi chlarelheededfold¢onduct@nal ysi sl
along(aldi mensi on@relintroducedthroughliembers.[A [member [Is(aSpecifi c[@ttribute[]
(or@Lgrouplof Cattri butesCasCwelWill Cseelater) akinglitsival uesCon[alWwel | Cdefined
domai n.[ForCexampl e, (theldimensionr | M ELtanlincl udeCimembersCsuchCas[DAY [
MONTH,LY EAR,L.. LTAnal ysing@fact[attri butelA [&l ong[@member M ineanslthat ivel]
arelinterestedliiniéomputi nglaggregatefuncti onsloniheVal ueslof A Hor @ny [groupi ngC]
definedbythelVal ueslof (3. Iinthelpaper ivelwil | (&l soluiselthelnotati onM;; Hor thelj-th
member [0f [iFth{dimension.l

0

Or ganization[of (member s..CMembersLof (AL di mension[arelgeneral | y[organi zed[in[a]
hi erarchywhi chlis[aldonceptual [iepresentati on(of (thelhi erarchi eslof [thei rloccurrences. [
Hierarchy [0 n(dimensi ons[i sCal veryDusef ul Cconcept[that CcanChelused(toli mposel]
congtraintsLonmember [Wal uesland@olgui defhel@nal ysi s.[(Hierarchieslof (bccurrences]
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resultCfromVari ousltel ationshipsivhi chCeanCéxistlinthelteal (orl d: [tategorization, [
membershi plof @ 3ubset, (inereol ogy . [Fi gurel 1l ustratesypi cal [Si tuati onsiivhichléan]
occur. [Cases[{a)[and[{b) (tepresentsthelsamelinembersbut (organizedCdlifferently.[InC]
casel(q)therelarelhi erarchi cal [fiel ati onshi psibetweenfime_key@ndmhonth@ndbetween]
month@ndyear.[Time_key,[foréxampl e, lis@datelivhichléncodesthelday, Thelinonth(]
and(the[ear; [thelmonthChas[Vval uesCsuchCasFebruary/20000Wwhi chlidentifiesCeach(]
monthfrom(al | thelmonthslof [thelfbtal [peri od. Intheseldonditi ons,Thel@mount [0f [Sal es]
forlall ThelinonthsLof (&l [Thelyears,[islobtai nedWwithlalgroup_by[ustionthelinonth.In
casel{b) CmonthCandCyear CarelbothChierarchi callyCependent[of (time_key[butCare]
independent(of [@achldther [month, [for [éxampl e, [islaNal uelSuchlasJanuarylidentifying
a‘month(independently(Fromthelval uelbf Dyear). [T helexpression[bf [the[previous]
requestOwoul dCinow(invol veadgroup_byOonCmonth+year. [0Casel(c) Urepresentsiial]
hierarchyvherelthelfwolpathsisharelthelsameltioot [fypel{cust_key)@ndihel$Samelleaf ]
typel{region).LT hisCtonfigurationChaslpreci sel$semantics. [forALgivenLoccurrencelof [
cust_key,Whether Mthefiown[pathlorTheldlemozonepathislised, [dnelal wayslobtai nsC]
thelSameldccurrenceldf region. [

O Welwillimodel theseldifferent(dasesl@ccording(iol@hierarchical el ationship[(HR) O
whi chiinks[alehildlinember [M;; {i .. [Hown) Molalparenttember Mi kL{i .e. [degion) [nd]
welill Cuse(thelhotation[M ;% M. [ForthelFol lowingCiveltonsider Conly (& tuations[]
wherelalchildidccurrencelisli nkediblani quelparentdccurrencelin@iy pe.[However,[d
childi@ccurrence, [@slihldasel(b) [0r[{c), [GanhavelSeveral [parent(@ccurrencesbut@éachlaf [
differentCtypes.[CWelwill Tal soOsupposelthat (H R sCrefl exive, Canti symmetricCand)
transitive.[T hislki ndLof (fel ationship[toversithelgreat[iaj ority[of (teal [Situations]1].0
Existencelof [thisCHRC sCvery i mportant[sinceldtCimeansthat(theCimembersCof (il
dimensionldanBelorgani zedlintolkevel siandidorrect@ggregati on(of Fact@ttributelal ues]
alongllkevel sidanbelguaranteed. ]

0

Definition[2[{cover [graphCof Caldimension).CAtover[graphCof CaldimensionCisial]
mi nimal Ccover (For CthedirectedgraphdefinedChy [thel H RCbetween[theCmember
attributes(of [thi sSildimension. [l

O

DefinitionBL{well-for meddimension).CA [di mensionCisCvel |-formedCiel ativeliolall
cover(graphiwhentthi sigraphlhasiauni queldonnectedidomponent@ndlisacyclic. I

O

Examplel2.[L et[uisidonsi der [agai n(theldi mensionslil ustrated(in{figure1.(T heylarela | O
well-formed(sinceltheirtover CgraphsChavela unique tomponentCandCarelacyclic.O
Restrictingltheldover[graphiolauni queldomponent(isireryimportantihipractice.If fthel
graphléompri ses,[foré&xampl e, Bwoltomponents, [theldi mensi onmust beldividedinto
twoldistinctdimensions. T

0

Aqggr egationllevel slin[Anlvel |-for medLdimension. ISi ncelfhelcover [graphlof @hvel |-
formed(di mensi onliks&cyclic, [tlspossi bl efoldi stri butelitsimemberslintodevel s.[Each]
|evel [fepresentsiallevel [0f [Aggregati on.[Each(fi melivelfiol | ow@ldi rected(édge, thellevel O
increases[{bylonelor [moreldependi nglonthellised[path).[T his&cti ondorrespondsiola]
ROL L UPCobperation{ correspondingltolthe[semanticsCof [the[HR) Candthe[bppositel]
operationfolaDRIL L IDOWN.$tartingfrom{thelref erencelfolaldi mensi onD [in[@fact ]
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typelF, Weldanthen(rol | Wplihthelhierarchy(df [di mensi onlID By fol | owi nglalpathof fhe[
cover[graph(ofD.[]

O

Entriesiand(dootslihaldi mens on.Eachmember0f [@dimensionlcanbe@anéntryfor
thisCdimension(].e.CcanChel Teferenced[(from Tact[type. 0T hisCpossibility (i sCvery
important(si ncelit[meansthat[di mensi onsbetween[Several actfypesldanbelsharedin(]
variousivays.[In[particul ar, [it[ispossi bl efolnef erencel@ldimensi on&t dli fferent[Tevel sO
of [granul arity.[A [di mensi onlfootfepresentsialstandardientry. [For fhelthreeldi mensions]
inffigure1,hereliklasi ngl elfoot. [However, [definition3@uthorizesiSeveral [foots. [T

O O [ [{12/Jan/98) I{18/Jan/98) [IR3/Feb/98) {11/ Fe/99) I
0 0 tkyO K [IIIIIK,MID IR,
0 - 0 0 0 0 0 0 0
O [0 [T O O
)0

o p| Mot g January/98TFebruary/98L. .. [February/99L...

u g u g

I S = e o I

year[]
g ol r 0 0 (MM 99801 MM 999 ...
o o
o o—— = g tkeO  thoO  thkeO  thyD...0
0 D[ time_keyO ] 0 0
)0 : 7
g | monthd yearl | manuaryMIFebruary(l...[19980 [1999ML....0
— [ |:|
m O O 0 0 m | |
O O (IIIIIBK, .0
0 cust_keyO

O townO }][ demozoner] I yonIFeyzinTMicel. .. .[MRhonellV ar[IL...[]

- ; ) /

: 0
0 o g | regond [MIRhone-Alpesil  [IBrovencell...00
0
0
Fig.[1.Different(Hierarchi eslihldimensions]
0
0
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Propertyattributestinf@idimension. CAslinCother [$tudies]6], iveltonsider [(property ]
attributeslin(aldi mensi onhivhi chlisllisedfoldescribefhelembers. (A [property @ttributel]
i slTi nked(iblitsihember throughl@functional [dependence, [But[doesmotlihtroduce@ew]
member CandCahew(evel Cof Caggregati on.[For Cexampl e[ theCmember townCinthed
customer [dli mensi onlinay (havelproperty[attri butesisuch@spopul ation, admini strativel
position,].. OCBuchlattributes[¢anbellised[inihel3el ection[predi cateslof [(fequestsiol]
filter@ertainigroups.T
O
M ember [ype.[(IWelhowldefi ne[thelhoti onlof Cmember [fype, (lvhi chlincorporatesihe
differentfeaturesipresentedidbove.l
0 Almhemberypelis@structure:[]
0 member_name[(member_key),[dimension_name,[{list_of reference attributes),]
(list_of property_attributes)] ]

where(J

-hember_namelisithefamelof theltlype;
O -Omember_keylistaistlof (attributelhames, [Theltoncatenati on[of (theselattributes]
identifiesl@achlihstanceldf [thelfype; [
0 -[dimension_namelisfhelfiamelof [theldi mensionfbiwhi chithelfypebel ongs;
O -Oist of reference_attributeslis@i stlof [@ttri butelhamesivhereléachl@ttri butelisal
reference(*othelJsuccessorsof [theCimember [ nstanceli nCthelcover CigraphCof [thed
dimension;
O -Mist_of property attributesliisialistlof [@Ettributelhamesiivhereleachlattri butelisia™]
propertyforthelember.(]
0 Onlylfheimember_key@ndtheldimension_namel@relmandatory. Il
0
Example[B.[TUsingthisCmodel ,[thelTepresentati onCof [theCmembersCof Cdimension[
customer [ih(fi gurel1[isthefollowing: O
cust_root[(cust_key),[Bustomer,[(town_name,[Zone_name),{()]C
town[(town_name),Bustomer, [{region_name),[(population,@irport_type)] 0
demozone[ (zone_name),[dustomer,[(region_name),[{)]C
region[(region_name),[dustomer, [{)),[(popul ation) ] O
Herelislanldccurrenceldf fown]
town({Lyon),Bustomer, (Rhéne-Alpes),{11200000)] O

Oooooogono

Similaritiesibetweenfact [andmember .[IA (act [Bypelhas@Vvery [$imilar [Structurelfiol]
that [of [Ainember [{lype.[M oreover, [property @ttri butesiof [Almember [danbelSeen@sfact [
attributeslandéanbelanal ysed(@ onglthelSuccessorslof [thi siinember [Ecti ng@slfootsiof [
partial [di mensi ons.[FFor[éxampl e, [in(thel¢aselof [theldi mension[dustomer [{cf [éxampl e[l
3),Thelattri butelpopul ati onlaf Howntanbel@nal ysedal ongfhelsuccessor Megion: [dnel]
can(dal cul atelaggregatesion(popul ationWwithlgroupi ngsionegion_name.MNotelthatthell
resultlis{motmecessarilyeéqual Hofhelval uelof [popul ationliniegion(since@ | theflownsO
of [thelregion@renotfecessaril ystoredlihfheldatalwarehouse. [

O

AMNell-formed(structures

i
I nCthi sCOsecti onCweOexplal nNChowthef act CtypesOandCOtheOmember Oty pesCicanCbed
interconnectedlihldrder folhodel \ari ousiwarehouselstructures.[
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O  First,[afactCcandirectlyCreferenceCany Cmember Cof Caldimension. LU sual |y Tl
dimensionlisfef erencedfhroughloneldf [tsfoots{asivelSaw@bove, [@di mensiontan]
havelSeveral [foots). B ut(it(isa solihteresti ng@ndisef ul fohavelref erencesibihembers]
otherfhan(hefoots.[T hislineans(that[aldi mensi on[¢anbelised by [di fferentHactshwvith(]
differentlgranularities.[Forléxampl e, [@fiact[¢anldirectlyreferencelfownlintheldustomer (1
dimensionCandCanother [tanCdirectlyCteferenceltegionlin[the[sameldimension.[This[]
secondreferenceldorrespondsiiblaldoarser[granul elof [@nal ysi sithantheffirst. [T

O Moreover,[alfact[F, [tan(teferencelany[otherFact[F,.[T hisiypelof (feferencelis]
necessaryfoltnodel [¢ertai n[dituati onsl{seel$ection).T hi siineansihat [Aflact [Ettri butel]
of [, [¢an[bel@nal ysed by [lisi ngihelkey [of (F,[{actinglasihelgroupi ngLattri butelof (A
normal [hember) [@nd(a sobyusi ngltheldi mensi onslreferenced By [F,.[]

0 Toformaliselfhelinterconnecti onbetweenfactsiandldi mensi ons, ivelthusisuggest
extending(iheHR[tel ationshi pLof [$ection[Biolthe tepresentation[of [Thel@ssociations]
betweenfact [ty pes andihelassoci ati onslbetweenfact[typesandmember [ypes.(Well
imposelthel3amelproperties{reflexivity, @nti-symmetry,[fransitivity).[Welal soflorbi dCI
cycliclinterconnections.[T hisgivesidiery[uniformirodel [S ncefact(fypesiandimember]
typeslareldonsideredléqual ly.[T olrnai ntai n[@iraditi onal (Wi si on(of (theldatalvarehouses, [
welal soleénsurelfhat thelmembersiaf [Aldi mensi onldannotreferencelfacts.0]

F,0 F,0 [ FlD]

N /

Dooog
=~

ol

(a)l

F.0

(d)C

OoOooOoooooooOoogod
—
T
=
|
—
)
T
N}
|
—

Fig.2.0ypical Wwarehouselstructuresd

O

O FigureRllustrateshelfypical [Structuresiivelantfolmodel . [Casel{a) [dorresponds]
tolthelsi mpl el¢ase, [A solknownlassStar[Structure, Wherelfherelils[aini quelact fypel; [
andCseveral [separateltimensionsD4,[D,, . . O[Cases[{b)[and{c) Ctorrespondiolthel]
noti onlof Factslof fact.[Cases{d),[{e) (And{f) [¢orrespondiolthelshari nglof (Thel$amel]
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dimension. IIn[Gasel{f) fhereldanbefwoldifferent[pathsistarti nglat [, [@ndHeachi ngfhell
samelfinember [M [of [EhelSub-di mension(ID,;.[$olanal ysi siuisi ngthesefwolpathsi¢annot ]
givelthelSamelresul tshivhenleachi ng®. [T olposelthi slproblemivelintroducethelDWGL
and(thelpathldoherenceldonstraint.[]

0

Data W ar ehousel0Graph[(DW G).OT olrepresent (datal warehousestructures, Cweld
suggestuisinglalgraphliepresentationldalledIDW G{datalwarehouselgraph). It [donsists[]
i n[epresenti ngléachypel(fact [y pelor inember [y pe) by [Ahodeldontai ningthelain(]
informati on(@bout[thi sty pe, [@ndlrepresenti ngléachreferenceDy@ldirectededge. T

O

Pathldoher enceldonstr aint.[ISupposelthatintheDWGIdraph, fherelarefwoldifferentd
pathsP, [andP,[Startingfromihelsamelfact [Ty pellF, [Andteachi ngihe[sameliember ]
typelM.[WeltanCana yselinstances bf (FCby[usingP, Cor[P,.[T he[path[toherencel]
constraint(ik(Satisfied(if Wwelobtai n[the[Samelresul tsivhenreachingi . (]

0  Notelthat(this(problemlisthelSamelas(that [di scussedliniSection(3[¢oncerni ngiwol]
different[pathslin{ihelhierarchy[of [&Ldli mension(vith(ihe[$amel$tartingthodelandihe[]
sameléndingmodel(Figurell({c)).0]

0 Welarelfowlableffblintroducelfhelnotionlof el l-formedIstructures.[]

O

Definition[4{well-for medlvar ehouselstr uctur es).[TA Dlvarehousel$tructurelisivel -
formedihendheDW Glisacyclic, Hact[fypesarelivel |-formed, [di mensi ons arelivel | -
formed, member sldolnot [fef erencelfiacts, [@ndthelpathldoherenceldonstrai ntlis(satisfied [
for@nydoupl eldf [Pathsihavi nglthelSamelstarti ngihodel@ndiheSameléndinghiode.[]

0

O AQOwell-formediarehousel$tructurelcanthusthavelseveral (foots.[Theldifferent]
pathsfrom(thelfiootsidanbelal waysldividedlintofiwolsub-paths: theffirstionelwithionl y
factlfodes@ndthelSeconddnelwithidnlyimemberModes. [Solrootsiarefiact fypes. [

0

500 lustratingCtheCimodel ling[Cof [ ealisticllcasesCwith Cwell-for med O

structures’]
O
InCihi sCsectionfivelshowhowdifferentCrealisti cCeasesltan[beltescribedWwithCvell -
formed(structures.O]
O
Star [@ndSnowflakelstructur es.[WVelhaveldstar [dr[SnowflakelstructurelwhenI]
-therelik@Lniquefactfype; O
-[each(dimensi onfhas@luni quelrioot; [
-Ceachireferencelinlthelfiact iy pelpoi ntsifbwardslthelroot(df [@dimension. [
0 Ourlinodel [doeshotdifferenti atelstar [$tructuresromisnowflakelstructures.[Thell
differencelill [Appear (withthelinappi ngfowardstheltel ational (todel [{seelSection(®).]
ThelDWGIof(alstar-snowflakelStructurelisiiepresentedini gurel3.T hi siiepresentation]
i shivell-formed.[Buch@tepresentation[canbeVeryliseful (lola UserForFormul ating]
requests.[FFactsCareldl earl y[dii fferentiated@romimembers, [feferencefoldi mensionsZrel]
shownlexplicitly,lindicatorsiof [Summari zability [areloutli ned, [di mensi on[organi zation
appearsiimmediately.[
O

O
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[MMTguantity[{O,0,0),Brice_per_unit{O,0,0)]0

L

time_root ( product_root[] cust_root0]
[(time_key),[l..]10 [(product_key),[1..10 [(cust_key),0l..10
-
J

N

;_ Ve ~N
day0 category[] town( demozone
[(day_no),...]O [(category_no),[J..]00 [(town_name),...JO [(zone_name),L1.]00
i \__ y, - \l/

[ sales(sales _key),[time_key,product_key,[dust_key),[] }

NOOooogo

O
O year[] e ~ _
0 [(year_no),...]10 familyO region]
0 i [(family_name),...]0 [(region_name),...]O
O \__ J C
d
Fig.[3.[TheDWGIof [@star-snowflakelstructure
g
O

saled(sales key),[(time_key,product_key,
cust_key),[quantity(O,0,0),0
price_per_unit(0,0,0))]L

o

time_root] [ cust.rootr] 1 [demography[(demo_key),ﬂ]] 1

product_root[] [(cust_key),...]0 (zone_name,Gat_name),[(humber(S,9))]!

/ l

town demozoneld ( category(]
[(town_name),...]O [(zone_name),...]0 [(cat_name),...]10

J/

OOr YOO

( 2\
region(] 0 typeld

0 [(region_name),...]O [(type_name),...]O
- J

t

t

Fig.[4.[TheDWGHor(aldonstel | ationiwarehouse[
t
t
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O
SharingCof JalldimensionC(constel lationCstr uctur €).00Thellconstel lationCistructurel]
appearsiwhenCIIT

-therel@relatTeastfivoldifferentfact fypes;

-Ctwoldifferentflact [Ty pesisSharelthelSameldi mension; (I

-[Afact fypeldoesnot ref erencel@nother factfype.[]
O  Usinglhelhotionlof (DWG, i gurel4shows anléxampl elwithihe[actfypel$al es]
from(di gure[3@nd&mewFact[ypeldemographylinemorizi ngldemographi c[actsfor &
givenltategorylin[a demographiclzone.Demographyhasialieferencefolthelinember]
demozonelof [Theldli mensi onCeustomer.[Bo, [theldi mensionCtustomer [isCshared[partly[]
between(thefvofactfypes.O]
0 ThelDWGLtlearlylshowshowIhefwolactfypes ¢anbeléxploited3eparatel yLor]
simultaneously.[Wel¢anlexpl orelfhelgraphromonelof ftswolfootslandliselit[Asa]
singlelrootedgraph.(Weltan[&l sols multaneous y[exploit[the[twolfact[types.[For[]
example,[tolthe[hodeldemozone,[bneltanCassociate[ tifferentCaggregates fromthel
demographyloccurrenceslandlLise[themFor[thelanal ysi s[of [the[$al es(facts,[or[Vice-
versa[]
O
Fact slaf flact . [Bometi meslonelfiact [y pe, [dal | ed[pri mary fact [y pe, [danbeldharacteri zed [
by[several [dther{actfypes,¢all ed[Secondaryfact(fypes.[L et(lisl¢onsi der [for [éxampl e]
thel¢aselof [aMedi cal [operation. itlis[¢haracterized by [pri mary [fact [@ttri butes such@s[]
quotation,duration,]..CJFollowing(thi sLoperation, Al prescriptionCincludingevera [
drugsl¢anelinadelout.[Secondaryfact [@ttri butes@relassoci atedfoléachldrugsuchas]
thellumber [of [fi mes(it[Shoul dbelfakenper [day, [or Thehumber [of [daysiconcerned iy [
thelprescription. dt[Isot[Adequatefolmemorizefhesel$econdary [factslinfhelprimary [
type(thereld sCaimany-to-many[lassoci ation[betweenoperati onsCanddrugs) . [IOne]
solutionldonsi stslin(pl aci nglthemlin@Secondary [fact [fypelteferi ngfothelprimaryfiact
type.[©urinodel [dater sifior [theldescri pti onlof [Suchl@lSol ution. Mit[donsi stslinlSpecifying ™
twoldli fferentFact [y pesprescriptionlandloper ation, [andlinstal linglin[prescription&]
referencetoloperation{figure[n).0t[shoul dCA solbehotedthatCprescriptionChasCall
normal Oreferencetothelroot Cof Ctheldr ugCdi mensi on. AT hereli sCanCinstancelof [
prescription(for@achldifferent[druglih@lprescription.

prescription[(presc_key,[drug_name),[{drug_name,[]
oper_key),[number_of days(0,0))]

[(drug_name),1..10 (quotation(O,0),[duration(O,0))]0

Lo

0 [mm O [Mfime_rootI8urgeon_root]

drug_root[ 1 [operation[(oper_key),[Ctime_key,@rgeon_key),D }

ogoonor Y OOOOoo

Fig.[3.0M odel lingfactsiof fact ]

O
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0 Forlihel$econdaryfact@ype, Thelpri mary factfypelactslasamnul ti-dimension.[$o, ]
all thedi mensi onsCbf (helpri mary [typeltanbel &l soused s dimensionsCbf (thel
secondaryype.[T his(¢learl y[appearslinihe[DW GLof [Ehelgl obal (tructurel{figure®).
ForCexampl e, [fuotati onCandCdurationLcan[belanal yseduisi ngthelii melandsurgeon]
dimensionslandiumber _daysldanBel@nal ysed(tisi ngldr ugldimensionbut @ soltime@nd(]
surgeonldimensions.[T hislast [fact [¢an(2l sobelanal ysedilisingloper_key[@lonelacting]
asl &l tlegenerated[dlimensi on.[For[&xamplelwel tanltal cul atelthelaveragelhumber [of (]
drugslper(dperation.(]

O

6[IM apping(iolfhelelational [hodel [
0

Onelway [fblimplementiwarehouseslisibluselrel ational [DBM S.[Solitlikihecessary folbel]
abl elfolmaplourfivel |-formedistructureslinlaccordancelWithltheldel ational [Structure. N[
thi s[Secti onlwelprovideladertai number [0f [Gui deli nesfor thi sithapping. [

O

Relational (mappingwith($plit [dimensions.T his[$ol ution,whi chlisStrai ghtforward, [
consistsCinCmappingCeachtypel P, [{factCorCmember)CintoC& tabl e[T;.[Thelkey[of (P[]
becomesthelprimarykey[of [TT;. CReferences betweentypesCarelimplementedviall
forei gnlkeys.[T hisiSol utionloffersi@lsi mpl elway [{olmemori zelprecal cul atedlaggregates]
by [addingCsuppl ementary Cattri butesCinCimember (types. OtsCtrawbackOsOvel I-known: [
navigati ngdthroughCdi mensi onsCnecessitatesmany Uj oi nsCiwhi chCOcanOburdenCtheD
performances. [For(astructurellikelthat [describedin(i gurel3, [thi slsol utionleadsiothe
rel ational [Snowfl akelwarehouselStructure. [T

O

Relational mappingwithlegr ouped(dimensions. T hisSol utionldonsi stslinlapping
eachflact [y pelintolaSpecificliablelandolgroupla | thelmember [y pesiof [@ldi mension[]
i n[alini quelfabl e.[T hi s[Sol utionfiklonl y[possi bl elihen(fheldi mensi onhas(altni queioot ]
andivhenlieferenceslarelonlyinadefolthi slroot. (For [astructureli kefhat [describedinC
figure3,thiskol utiond eads[toltheltel ational Cstar Cvarehouselktructure. OViththis
mappi ngthelstructurelof theldi mensi onhi erarchi eslarelémbeddedihtofheldata. [T

0

Hybrid@elational (Mapping. T helprevioudydescribedfappi nglisotpossi blelivhen
several [éntriesfarelUsed(infaldi mensi on, Whether [theselentri eslarelrootslor mot. T his{isC
becauseleachCentrymust[belthelkeyof Ca tablelinlbrder(tolinstall (thelreferences]
correctly.[T helhybridCmappi ngthusleonsi stsCinCinserti ngLéachCimember [éntryintol&]
specificliiabl e.M embersiihi chl@re@ccessi bl elonlyfromldneléntrydanbelstoredinihe
tabl elof [thi sleéntry. [DthersifustBelstoredlinSeparatebbles.(0

O Forlthelstructureldf i gureld, thi sihappingldi vesthelfol | owi ngiabl esi(primary
keys@relharkedlihbold,foreignkeysihlitalics):[

O sales(sales key,fime_key,[product_key,dust_key,[quantity,[price_per_unit)C

O demography(demo_key,[Zone_name,[@at_name,[@dumber)]
Otime(time_key,[..)O

O product(product_key,[1..)0

O cust_root(cust_key,...,[Hown_name,...,[fegion_name,[Zone_name)[]

0 demozone(zone_name, ..., [degion_name)]

O region((region_name,...)O

O category(cat_name,...,[fype _name,...)O

Ooooogoood
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0 Notelthatthelinemberfypesfownl@andypelhavelbeeniéncapsul atedlintothelfabl es]
cust_rootl@nd(dategorylriespectively.(l

O

7[ITonclusion]

O

InCxhi sCpaper Owelproposelal imodel Cwhi chCcan[describelvari ous data warehouse[
structures. [ tCextendsCexi stingCmodel s[Tor [sharingCti mensi onsCandfor Ctepresentingd
rel ationships] betweenI facts.(l It0 allowsO forO differentd entriesd in( all dimension]
correspondingtoldifferentCgranularities. A Ctimension[tan[Al soChavelseveral (Foots[]
correspondingfoldi fferentVi ews@ndlises. [Tt[ispossi bl elfol@pprehendtheld¢oncept [of ]
factslof (factwhi chlisireryfrequently [eéncounteredlinlthelreal orl d. Wsinglthi siinodel,
weldefinelthelmoti onlof el l-formediwvarehouselstructuresiivhi chiguaranteesidesirabl e
properties.[]

0  WelhavelHd so[proposedtheconcept[of (Datal Warehouse[O0Graph[{DWG) [to[]
representlivel|-formed$tructures.[T heDWGLgathersihelai nfinformationfromdhed
structurelof [thelwarehouse. Tt[danBelery sef ul [flusersfor formul ati ngdequests.(Wel
believelthatfhe[DW Gleanbellised[aslan(éfficient[Supportfior (A graphical [interfacelfo]
mani pul atelfhul tidimensi onal [structuresithroughl@lgraphical Tanguage. [

0 Welbavel@ solshownhowlvel |-formedStructuresidanbelinappedibthelrel ational [
model [in[differentlivays.[T olfepresent [thelfef erencelivelhavellisedVal uesiof (Heferencel]
attributes. [Instead, (vel¢anadopt @nlobj ect-orientedinodel . [identifiers@nddef erences]
woul dthenCbeltepresentedthroughCOI Ds.TT hisCwoul dCimakelitCpossible(toltefine
mappi ngfofhelobjectfel ational (tnodel . [Tt[@ppearsthat(thi siinodel has@mhatural [place
between(theldonceptual [Schemalaf [Thelappli cation[@ndlael ational [Implementati on[of (]
thelivarehouse. it [Ganfhus(Servelasialtel pi nglsupportfor Theldes gnlof (el ational [datal]
warehouses.[]

0 Forlthefuture,velplantolihcorporatelfhelfotionlof (general i zati onl/[Specialization
intoLourCmodel.[T helhotionCof Cfole[for [ dimensionltel ativeltolATact (Wil | (bel&l so]
useful.O]

0
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