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Abstract

This paperdealswith measuringthequality of conceptualdatabaseschemas.
Wespecifyametamodelfor definingandmeasuringqualityaspects.Wealso
definea processfor configuringreviews. Furthermore,we presenta couple
of criteriafor reviewing objectorientedconceptualschemasandsuggesthow
to measurethem. Thenwe list somecriterianot suitedfor reviews. We have
realizedasmallprototypefor documentingandadministratingreviews which
is sketchedbriefly.

1 Intr oduction

For building highquality informationsystemsthethreelevel approachhasbeenes-
tablishedin thecommunity(seee.g. [CBS98]). It startswith conceptualmodeling,
definedas the processof constructinga model of the information needed,inde-
pendentof all physicalconsiderations.After conceptualmodelingfollows logical
databasedesignby constructingamodelof theinformationbasedonaspecificdata
model,but independentof a particulardatabasemanagementsystemor any other
physicalconsiderations.The laststepis physicaldatabasedesign,the taskof pro-
ducingadescriptionof theimplementationof thedatabaseon secondarystorage.
Althoughrelationaldatabasesaremostwidespreadthesedays,ER (entity relation-
ship)modelingseemsnot to bethebestapproachfor conceptualmodelingbecause
thepostulationto beindependentof all physicalconsiderationsis violated,concep-
tualandlogicaldatabasedesignareoftenmixedin practice.As improvementdiffer-
entkindsof extensionsto pureERmodelshavebeendeveloped([Teo90,Tha00])as
well asobjectorientednotationsareusedto bereally independentat theconceptual
stageof developingdatabases.We areassumingobjectorientedmodelingat the
conceptuallevel for therestof thepaper.
According to ISO 8402quality assuranceis definedas ”all plannedandsystem-
atic activities implementedwithin thequality systemanddemonstratedasneeded,
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to provide adequateconfidencethatanentity will fulfill requirementsfor quality”.
Quality assurancecanbesubdividedinto constructive (all technical,organisational
andpsychologicalactionsto ensurequality features)andanalytical(all actionsfor
inspectingandevaluatingproductsduringsoftwaredevelopment)qualityassurance.
Constructivequalityassuranceis extensivelygivenbyusingthethreelevelapproach
asdesignmethodologyandits applicationleadsto a databaseimplementationthat
meetsthe technicalrequirementswell. But to really meetthe users’requirements
andto build asystembeingmaintainableanalyticalqualityassurancein termsof an
explicit review of theconceptualdatabaseschemais necessary.
In this paperwe presenta metamodelfor definingcriterionsandreviews for mea-
suringthequality of databaseschemasandwe describetheprocessof configuring
andperformingreviews. Furthermore,wepresentadocumentationtool implement-
ing thismetamodelandprocess.Moreover, welist someconcretecriteriafor object
orienteddatabaseschemasandmotivatewhy othercriteria arenot relevant in this
context.
The remainderof the paperis organizedasfollows: in section2 we describethe
metamodel for measuringdatabaseschemas.Section3 lists concretecriteria for
measuring.Theimplementationfor administratingmeasuresandreviewsis sketched
in section4. Section5 reflectsrelatedwork. Thepaperendswith a conclusionand
anoutlookto futurework in section6.

2 Conceptfor Measuring SchemaQuality

Our metamodelfor reviewsof databaseschemasis depictedin figure1.
Theratingof a schemais doneby criteria(objectsof classCriterion). A crite-

rion is definedby its name,adescriptionandametric.Eachcriterionis measuredby
a method(objectsof classMeasuringMethod). A measuringmethodhasa degree
of automation(yes, no, partly) and in caseof the valueyesthe attribute autoDe-
scription containsthe kind of automaticmeasuring.For every measuringmethod
the objectivitycanbe determinedby oneof the valuesobjective, quite objective,
subjectiveandquitesubjective.
Thecriteriacanbeusedasbasisfor configuringaReviewType, definedasaweighted
setof criteria. By settingtheminimumattribute,anoptionallythresholdcanbede-
fined for a criterion within a review type. If the valueof the criterion falls below
the thresholdvalue then the whole review fails, i.e. this criterion is a K.O. cri-
terion. Thesevaluescanbe found in the associationclassReviewTypeCriterion.
Furthermore,thismetaclasscontainstheattributemetricswhichputsthemetricsin
concretetermsfor this review type.
OneReviewTypecanserveasbasisfor many Reviews. Thevaluesdeterminedduring
suchareview arestoredasobjectsof theclassMeasuredValue. Theself–association
of metaclassReview allows to defineasequenceof reviews.
Subjectof areview is aconceptualdatabaseschema(instancesof metaclassDatabase-
Schema).
Theprocessof working with this metamodelis depictedin figure2: the reviewer
or projectmanagercandefinea new review typeby usingexisting or definingnew
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ReviewTypeCriterion
weight : Integer
metrics : String
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Criterion

name : String
description : String
metrics : String

MeasuredValue

value : [0..1]�

Review

reviewer : String
timestamp : Datetime
�
remark : String
/value : [0..1]
�
/passed : Boolean

AutomateType : {yes, no, partly}
ObjectiveType : {objective, quite objective,

            subjective, quite subjecttive}

MeasuringMethod

name : String
description : String
degreeOfAutomation : AutomateType
autoDescription : String
objectivity : ObjectiveType

Figure1: Metamodelof reviews

criteria andworking in his knowledgeaboutthe domainand the project (stepI).
This templateof reviewscanbeusedfor asequenceof reviews(stepII). In between
timesthequalityof theschemacanbeimprovediterativly (stepIII).

3 Criteria of SchemaQuality

In thissectionwepresentsomequalitycriteriafor conceptualobjectorienteddatabase
schemas.Thesecriteria are possibleinstancesof classCriterion from the meta
modelin figure1.
They aredescribedby their properties:

� Descriptiongivesabrief explanationof thecriterion

� Relevancedescribesthecriterion’ssignificancein theconcretecontext

� MeasuringMethodsuggestsamethodfor determinatingthevalue

� Metric is themeasurefor thecriterion

� Degreeof automationestimatestheability of automatingthemeasuring

� Objectivityratesthecriterion’sobjectivity
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Step II: Do a review

Review

Conceptual
db schema

Step III: Optimise conceptual
schema

Figure2: Processof defininganddoingreviews

Table1 shows the criteria; in the row metric the abstractterm aspectis used.An
aspectcan be any schemaelement(classes,attributes,connections),its concrete
granularityis determinedwhenconfiguringareview type(bysettingattributemetric
of metaclassReviewTypeCriterion). It dependson theconcretedemandwithin the
projector theorganisationthereview typeis configuredfor.

Criterion (Technical)correctness

Description Are all modelledaspectscorrectwith respectto therequirements
andtermsof thedomain?

Relevance Essentialfor any schema.
Measuring By review of anexpertwith deepknowledgein thedomain.
Metric Correcttechnicalaspectsin proportionto all technicalaspects.
Degreeof No.
automation
Objectivity Objective.
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Criterion (Technical)Consistency

Description Are all modelledaspectsfreeof contradictions?
Relevance Togetherwith correctnessthis criterion is very importantfor the

acceptanceof theschema.
Measuring By review of atechnicalexpert.Hehasto analyseeverymodelled

aspectsandto comparethesewith respectof technicalinconsis-
tenciessubsequently.

Metric Consistenttechnicalaspectsin proportionto all technicalaspects.
Degreeof No.
automation
Objectivity Objective.
Criterion (Technical)Relevance

Description Are technicallyrelevantall aspectsof theschema?
Relevance Significantwith respectto theusers’acceptance.
Measuring By review of a technicalexpert. He hasto determineall relevant

aspectsandto comparethemwith thosemodelledin theschema.
Metric Relevanttechnicalaspectsin proportionto all technicalaspects.
Degreeof No.
automation
Objectivity Objective.

Criterion Scope

Description Is thescopeof theschemaappropriate?
Relevance Criterionis significantwith respectto theusers’acceptance.The

scopeis relativewith regardto thegoalof theproject.E.g.,if the
goal of a project is a solutionfor only onedepartment,thenthe
requirementsarenotashighasin thecaseof definingareference
schema.

Measuring By review of a technicalexpert. He hasto determineall aspects
requiredwith regard to the projects’goal and to comparethem
with thosemodelledin theschema.

Metric Modelledaspectsin proportionto all aspectsrequired.
Degreeof No.
automation
Objectivity Objective.
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Criterion Level of detail

Description Is thelevel of detailof theschemaappropriate?
Relevance Criterionis relevantwith regardto users’acceptance.
Measuring By review of a technicalexpert. He has to determinethe de-

sired level of detail for every aspectand to comparethemwith
theschema.

Metric Aspectsmodelledin theright level of detailin proportionaspects.
Degreeof No.
automation
Objectivity Objective.

Criterion Completeness

Description Is theschemacomplete(with regardto therequirements)?
Relevance Criterionis relevantwith regardto users’acceptance.
Measuring Canbe derived from the two former criteria scopeand level of

detail.
Metric Minimum of thevaluesfor scopeandlevel of detail.
Degreeof No.
automation
Objectivity Objective.

Criterion Minimality

Description Is theschemamodeledcompactlyandwithout redundancies?
Relevance Importantbecauseconceptualschemasshouldbeprecise.
Measuring By review of a technicalexpert. He hasto checkwhetherthere

areaspectsmodelledmorethanonce.
Metric Redundantaspectsin proportionto all modelledaspects.
Degreeof No.
automation
Objectivity Objective.

Criterion Ability of integration

Description Is theschemasuitedfor organisationcomprehensivestandardiza-
tionsor modelings?

Relevance Dependson thecontext of theprojector organisation.Themore
anenterpriseis involvedin aneconomicalassociationor themore
its internationalorientation,themorerelevantis theability of in-
tegration.

Measuring Determining,whetherthenamesof aspectsarecommontermsin
thebranchor wetherthey areinternationallyaccepted.

Metric Commonaspectsin proportionto all modelledaspects.
Degreeof Partly, e.g.by usinga thesaurus.
automation
Objectivity Objective.
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Criterion Readability

Description Are explainedall termsusedin theschema?
Relevance Very important,especiallyfor thedialoguewith technicalexperts

andfor peoplecomingalongto theprojectlater.
Measuring Review of documentation.Determining,whetherfor everyaspect

existsameaningfulannotation.
Metric Rateof annotatedaspectsin proportionto all modelledaspects.
Degreeof Partly, with regardto existenceof annotationsthe
automation measuringcanbedoneautomated,with regardto qualityof anno-

tationshumaninteractionis necessary.
Objectivity Quiteobjective.

Table1: Criteriafor reviewsof objectorientedschemas

As a conclusion,we canemphasisethatmeasuringof mostcriteria cannot be
automated.On theotherhandall thementionedcriteriaareat leastquiteobjective.
At this point we assumethatthereviewer hasdeepknowledgeandheis not preju-
diced.As a consequenceconstructivemethodshow theexperthasto do his review
canbegiven.
Table2 turnstheattentionto somequalitity aspectsbeingrelevant to thedatabase
developmentprocessbut not suitedfor reviews. The reasonis given in the right
columnof thetable.
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Criterion Why not suited for a review?
Extensibility
(Can new re-
quirementsbe
integratedinto
the schema
easily?)

Very relevant for every schema,because80% of the cost of an
informationsystemaremaintenancecost. Neverthelessextensi-
bility canrarelybedeterminedfor aconceptualschema.Weonly
canstatethatobjectorientationasdatamodelfor theconceptual
level is agoodbasisfor extensibility.

Reusability
(Can(partsof)
the schemabe
used for new
schemas?)

Although reusabilityis very importantto probablysave effort in
laterprojectsit is not appropriatefor reviews. Similar to extensi-
bility, objectorientationasdatamodelfor theconceptuallevel is
agoodbasisfor reusability.

Schema man-
agement (Are
well ordered
administra-
tion, use and
update of
the schema
possible?)

Schemamanagementis very relevant, especiallywith regard to
comprehensibilityof development.It shouldbe providedby the
modelingtool or its repository. During a review only thecorrect
useof versionnumberscanbechecked.

Transformability
(Is it possible
to transform
the schema
to the logical
layer?)

Transformabilityis importantbecauseconceptualschemasonly
make sensewhenbeingtransformable.A generictransformation
algorithmshouldbepartof theunderlyingmethodology.

Normalisation
(Does the
schema fulfill
normalisation
rules?)

This criterion is very relevant in the relationaldatamodel. So
whenusing the ER modelor an extensionasconceptualmodel
checkingof normalisationrulesshouldbe part of a review. But
it is not relevant to objectorientedschemasbecausetheredo not
exist any commonlyacceptednormal forms for object oriented
databaseschemas.

Table2: Criterianot suitedfor reviews
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4 Implementation

Thearchitectureof theimplementationis shownin figure3whereatthegrey coloured
componentsarealreadyrealised.Themetamodelfrom figure1 is implementedas
repositorydatabase.A persistencelayerencapsulatesthemethodsfor creatingand
manipulatingobjects. On top of this thereis a graphicaluserinterfaceproviding
dialoguesfor thereviewer to definecriterions,review typesanddocumentreviews
(seefigure 4 for an example). Moreover, documentedreviews canbe exportedas
HTML documents(seefigure5 for anexample).
Thearchitectureis open:themiddle layeroffersaninterfaceproviding themanip-
ulation of objectsto externalsystems.Theseexternalsystemscanrealize(semi–
)automatedmeasurings.

GUI

Logic: manipulating objects

Persistence layer
In

te
rf

ac
e External system:

(semi-)automated
measuring

Repository of
reviewed
schema

Repository of
review db

HTML
export

Figure3: Architectureof implementation

Figure4: GUI of thetool
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Figure5: HTML outputof thetool

We have usedthemethodandthetool within thescopeof our researchproject
ODAWA (OFFIS Tools for Data Warehousing)[Her00, Her01]. For conceptual
modelingweareusingMML (MultidimensionalModelingLanguage)[HH99,HH00],
a languageproviding objectorientedaswell asmultidimensionalmodelingaspects.
Wehavecomposedaspecialkind of review typeby selectingsomecriteriafrom ta-
ble 1. To put aspectsin concreteformsasgranularitywe have selectedtheschema
elementsfact attributes, dimensionallevelsand roll up patheswhich areall very
importantin thecontext of datawarehouses.Themetricfor technicalcompleteness
is calculatedby

� � � � � 	 � � 	 � � 
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 � � �  ��� 	 � � � � �
� � � � 
 � � � � 	 � � � 	 � � 	 � � 
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 � � � � 	 � � � � ��� � � � � � 	 � � � � � � � � ��� � � � 
 � � � � 	 � � 
 � � �  ��� 	 � � � � �

wherecnt is a functioncountingthenumberof namedaspects.
As practicalproceduretheexpertdid a brainstormingof all relevantfactattributes,
dimensionallevelsandroll uppatheswith regardto thescopeof theprojectandhis
domainknowledge.
By doing suchreviews someinaccuraciesof the conceptualdesignhave beende-
tectedin threeiterationsof stepII andstepIII in the processmodel in figure 2.
Especiallythedesignof roll up pathesbeingrelevantfor dataanalysisin thefuture
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havebeenrefinedduringthis process.
Wethink thatfinding theseerrorsataveryearlystageof informationsystemdevel-
opmentcanimprovetheconceptualschemaandsavemuchdevelopmentcost.

5 RelatedWork

Therehave beensomeapproachesconcerningwith quality of databaseschemasin
thepast,anoverview is givenin [Bur98].
Onefamouswork is [BCN92] (adoptedby many otherse.g.[Ris92,Ris93]). Some
criteria that mustbe fulfilled to call a databaseschemabeingof high quality are
listed in thepublications.Eachof thesecriteria (completeness,correctness,mini-
mality, expressiveness,readability, self explanation,extensibility andnormality) is
describedby prosaandsomeexamplesaregiven.
[Bru91,RG94]enumeratespecificrulesfor developinghigh–qualityrelationaldata
models.Focusof theseworks is thepractice,someproceduralmethodsfor devel-
opingdatamodelsareincluded.
In [MS94] qualityaspectsaredefinedthatshouldbemeasuredby metrics.To com-
paredifferentdatabaseschemasthemeasuredvaluescanbeweighted.Theaimis to
find thebestsolutionby evaluatingalternative solutionsfor a task. Theaspectsof
quality aresimplicity, completeness,flexibility , integration,understandabilityand
implementability.
In softwareengineering,reviews areknown astaskfor checkingdocumentspro-
ducedduring the softwaredevelopmentprocess(seee.g. [GG93, Som00]). The
goalof a review is to detectstrengthsandweaknessesof therevieweddocument.
[CM00] lists somequality criteria for databaseschemasandpostulatesanexplicit
review, but it is restrictedto theERmodel.
All the listed approachesdo not allow to definenew review typesby putting to-
gethercriteriaor addingnew ones.Moreover, mostof themarenot tool–supported.
Thecitedcontributionsaresummarizedin table3.

Quality Measuring/ Reviews Tool Database
criteria Metrics model

Bruce,Reingruber
andGregory � � � � ER
[Bru91,RG94]
Bataniet. al. [BCN92] � � � � ER
Rishe[Ris92,Ris93] � � � � ER
Moody/Shanks[MS94] � � ( � ) � ER
Claxtonand � � � � ER
McDougall[CM00]
Thispaper’s approach � � � ( � ) ER/OO

Table3: Comparisonof relatedwork
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6 Conclusionand Futur e Work

In this paperwe have motivatedwhy an explicit review of theconceptualschema
is usefulduringdatabasedevelopment.We have shown a metamodelfor criteria,
review typesand reviews. Thenwe have listed criteria being relevant for object
orienteddatabaseschemasandwehaveshown how userscanbuild review typesby
usingthesecriteria.After sketchingtheimplementation,webriefly reflectedrelated
work.
As futurework, we want to designandimplementmorealgorithmsfor automated
measuring.Furthermore,thetool shouldbeimprovedto supportthereviewerwhen
measuring(quite)objectivevalues.

References

[BCN92] Carlo Batani,StefanoCeri, andShamkantNavathe. ConceptualDatabaseDesign.An
Entity–Relationship–Approach. RedwoodCity, 1992.

[Bru91] ThomasA. Bruce.DesigningQualityDatabasesWith Idef1XInformationModels. Dorset
HousePublishing,1991.

[Bur98] William C. Burkett. Databaseschema design quality principles. http://www-
scf.usc.edu/wcb/dmq/dmqmain.html, 1998.

[CBS98] ThomasConnolly, CarolynBegg,andAnneStrachan.DatabaseSystems. AddisonWes-
ley, 2. edition,1998.

[CM00] JohnC. ClaxtonandPeterA. McDougall. Measuringthe quality of models. TDAN –
www.tdan.com, 3(14),2000.

[GG93] Tom Gilb andDorothyGraham.Software Inspection. Addison–Wesley, 1993.

[Her00] Olaf Herden.A DesignMethodologyfor DataWarehouses.In AnnikaHinzeandBart-Jan
Hommes,editor, Proceedingsof the7th Doctoral Consortiumon AdvancedInformation
SystemsEngineering, pages13–23,Stockholm(Sweden),June2000.

[Her01] Olaf Herden.HomepageODAWA. http://odawa.offis.uni-oldenburg.de,2001.

[HH99] Arne HarrenandOlaf Herden. ConceptualModeling of DataWarehouses.In Proc. of
DemonstrationandPostersE/R99, Paris(France),November1999.

[HH00] Olaf HerdenandArneHarren.An ExtensibleLanguagefor ConceptualModelingof Data
Warehouses.In PosterCAiSE’00, Stockholm(Sweden),June2000.

[MS94] DanielL. Moody andGraemeG. Shanks.WhatMakesa GoodDataModel?Evaluating
theQuality of Entity RelationshipModels. In PericlesLoucopoulos,editor, Proceedings
13th Intl. Conferenceon Entity RelationshipApproach (ER94), pages94–111,Manch-
ester(GreatBritain), December1994.Springer.

[RG94] Michael ReingruberandWilliam W. Gregory. TheData ModelingHandbook:A Best–
PracticeApproach to Building Quality Data Models. JohnWiley andSons,1994.

[Ris92] NaphtaliRishe. DatabaseDesign: TheSemanticModelingApproach. Mc Graw–Hill,
1992.

[Ris93] NaphtaliRishe. A MethodologyandTool for Top–Down RelationalDatabaseDesign.
Data andKnowledgeEngineering, 10(1):259–291,1993.

[Som00] Ian Sommerville.SoftwareEngineering. Addison–Wesley, 2000.

[Teo90] Toby J. Teorey. DatabaseModeling and Design: The Entity-RelationshipApproach.
MorganKaufmann,1990.

[Tha00] BernhardThalheim.Entity–RelationshipModeling. Springer, 2000.

12


