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Abstract

This paperdealswith measuringhe quality of conceptuatiatabasschemas.
We specifya metamodelfor definingandmeasuringjuality aspectsWe also
definea procesdor configuringreviews. Furthermorewe presenta couple
of criteriafor reviewing objectorientedconceptuakchemasndsuggeshown
to measurehem. Thenwe list somecriteria not suitedfor reviews. We have
realizeda small prototypefor documentingandadministratingeviews which
is sketchedbriefly.

1 Intr oduction

For building high quality informationsystemshethreelevel approachasbeenes-
tablishedn thecommunity(seee.g. [CBS9§). It startswith conceptuaimodeling,
definedas the processof constructinga model of the information needed,inde-
pendenif all physicalconsiderationsAfter conceptuamodelingfollows logical
databaseesignby constructingamodelof theinformationbasedn a specificdata
model, but independentf a particulardatabasenanagemensystemor ary other
physicalconsiderationsThe laststepis physicaldatabaselesign,the taskof pro-
ducingadescriptionof theimplementatiorof the databasen secondarytorage.
Althoughrelationaldatabasearemostwidespreadhesedays,ER (entity relation-
ship) modelingseemshot to bethe bestapproactor conceptuamodelingbecause
thepostulatiorto beindependentf all physicalconsiderationss violated,concep-
tualandlogical databaseéesignareoftenmixedin practice.As improvementiffer-
entkindsof extensiondo pureER modelshave beendeveloped([Te090,Tha00])as
well asobjectorientednotationsareusedto bereally independenatthe conceptual
stageof developingdatabasesWe are assumingobjectorientedmodelingat the
conceptualevel for therestof the paper

Accordingto ISO 8402 quality assurancés definedas "all plannedand system-
atic actvities implementedwithin the quality systemanddemonstratedsneeded,



to provide adequateonfidencehatan entity will fulfill requirementgor quality”.
Quality assuranceanbe subdvidedinto constructve (all technical,organisational
andpsychologicahctionsto ensurequality featureslandanalytical(all actionsfor
inspectingandevaluatingproductsduringsoftwaredevelopmentyjuality assurance.
Constructve qualityassurances extensvely givenby usingthethreelevel approach
asdesignmethodologyandits applicationleadsto a databasémplementatiorthat
meetsthe technicalrequirementsvell. But to really meetthe users’requirements
andto build a systembeingmaintainablenalyticalquality assurancen termsof an
explicit review of the conceptuatiatabasschemas necessary

In this paperwe presenia metamodelfor definingcriterionsandreviews for mea-
suringthe quality of databaseschemasindwe describethe procesf configuring
andperformingreviews. Furthermoreywe presenadocumentatiotool implement-
ing thismetamodelandprocessMoreover, we list someconcretecriteriafor object
orienteddatabaseschemasnd motivatewhy othercriteria are not relevantin this
contet.

The remainderof the paperis organizedasfollows: in section2 we describethe
metamodelfor measuringdatabaseschemas.Section3 lists concretecriteria for
measuringTheimplementatiorfor administratingneasureandreviewsis sketched
in section4. Section5 reflectsrelatedwork. The paperendswith a conclusionand
anoutlookto futurework in section6.

2 Conceptfor Measuring SchemaQuality

Our metamodelfor reviews of databasschemass depictedn figure 1.

Therating of a schemas doneby criteria (objectsof classCriterion). A crite-
rionis definedby its name adescriptiorandametric. Eachcriterionis measuredy
a method(objectsof classMeasuringMethoyl A measuringnethodhasa degree
of automation(yes no, partly) andin caseof the value yesthe attribute autoDe-
scription containsthe kind of automaticmeasuring.For every measuringnethod
the objectivity can be determinedby one of the valuesobjective quite objective
subjectiveandquite subjective
Thecriteriacanbeusedasbasisfor configuringaReviewType definedasaweighted
setof criteria. By settingthe minimumattribute,anoptionally thresholdcanbe de-
fined for a criterion within a review type. If the value of the criterionfalls belov
the thresholdvalue then the whole review fails, i.e. this criterion is a K.O. cri-
terion. Thesevaluescan be foundin the associatiorclassReviewTypeCriterion
Furthermorethis metaclasscontaingheattribute metricswhich putsthemetricsin
concreteermsfor this review type.

OneReviewTypecanseneasbasisor mary Reviews Thevaluesdeterminediuring
suchareview arestoredasobjectsof theclassMeasued\alue Theself—association
of metaclassReview allowsto definea sequencef reviews.

Subjecof areview is aconceptuatlatabasschemdinstance®f metaclassDatabase-
Sdhema.

The processof working with this metamodelis depictedin figure 2: the reviewer

or projectmanagercandefinea new review type by usingexisting or definingnew



DatabaseSchema

name : String

+schema |1

ReviewType

+review | 0..*

name : String

+reviewTypes | 0. +type[1 Review
reviewer : String +predecessor
; - timestamp : Datetime 0.1
ReviewTypeCriterion 0..+| remark : String
weight : Integer + reviews | /value : [0..1] 0.1
metrics : String Ipassed : Boolean rsuccessor
minimum : [0..1]
+criterions | 1..*
Criterion +values | 1..*
name : Strings ] MeasuredValue
escription : String
metrics : String <]— value : [0..1]
1 [ +criterion
+measure |1
MeasuringMethod

name : String

description : String AutomateType : {yes, no, partly}

degreeOfAutomation : AutomateType ObjectiveType : {objective, quite objective,

autoDescription : String subjective, quite subjecttive}

objectivity : ObjectiveType

Figurel: Metamodelof reviews

criteriaandworking in his knowledgeaboutthe domainandthe project (stepl).
Thistemplateof reviews canbe usedfor asequencef reviews (stepll). In between
timesthe quality of the schemacanbeimprovediteratwvly (steplll).

3 Criteria of SchemaQuality

In thissectionwe presensomequality criteriafor conceptuabbjectorienteddatabase
schemas. Thesecriteria are possibleinstancesof classCriterion from the meta
modelin figurel.

They aredescribedy their properties:

Descriptiongivesa brief explanationof the criterion

Relezancedescribeghe criterion’s significancan the concretecontext

MeasuringMethoduggesta methodfor determinatinghevalue

Metric is the measurdor thecriterion

Degreeof automationestimateghe ability of automatinghe measuring

Objectivityratesthe criterion’s objectvity



Project and
domain knowledge

| Step |: Configure review type |

Step Il: Do a review

Step Ill: Optimise conceptual
schema

Conceptual
db schema

Figure2: Proces®f defininganddoingreviews

Table 1 shows the criteria; in the row metric the abstracterm aspectis used. An
aspectcan be any schemaelement(classesattributes, connections)jts concrete
granularityis determinedvhenconfiguringareview type (by settingattributemetric
of metaclassReviewTypeCiriterior). It depend®n the concretedemandwithin the
projector the organisatiorthe review typeis configuredfor.

| Criterion | (Technical)correctness

Description Are all modelledaspectgorrectwith respecto therequirements
andtermsof thedomain?

Relevance Essentiafor any schema.

Measuring By review of anexpertwith deepknowledgein thedomain.
Metric Correcttechnicalaspectsn proportionto all technicalaspects.
Degreeof No.

automation

Objectivity Objectve.




| Criterion | (Technical)Consisteng |

Description Are all modelledaspectdree of contradictions?

Relevance Togetherwith correctnesshis criterionis very importantfor the
acceptancef theschema.

Measuring By review of atechnicalexpert. He hasto analysesvery modelled
aspectsandto comparethesewith respeciof technicalinconsis-
tenciessubsequently

Metric Consistentechnicalaspectsn proportionto all technicalaspects

Degreeof No.

automation

Objectivity Objectve.

Criterion (Technical)Relevance

Description Are technicallyrelevantall aspect®f theschema?

Relevance Significantwith respecto theusers’acceptance.

Measuring By review of atechnicalexpert. He hasto determineall relevant
aspectandto compareghemwith thosemodelledin theschema.

Metric Relevanttechnicalaspectsn proportionto all technicalaspects.

Degreeof No.

automation

Objectivity Objectve.

| Criterion | Scope |

Description Is the scopeof the schemaappropriate?

Relevance Criterionis significantwith respecto the users’acceptanceT he
scopeis relative with regardto the goalof the project.E.g.,if the
goal of a projectis a solutionfor only one departmentthenthe
requirementgrenotashigh asin the caseof definingareference
schema.

Measuring By review of atechnicalexpert. He hasto determineall aspects
requiredwith regardto the projects’goal andto comparethem
with thosemodelledin theschema.

Metric Modelledaspectsn proportionto all aspectsequired.

Degreeof No.

automation

Objectivity Objectve.




| Criterion | Level of detail |

Description Is thelevel of detailof the schemappropriate?

Relevance Criterionis relevantwith regardto users’acceptance.

Measuring By review of a technicalexpert. He hasto determinethe de-
sired level of detail for every aspectandto comparethemwith
theschema.

Metric Aspectanodelledn therightlevel of detailin proportionaspects

Degreeof No.

automation

Objectivity Objectve.

| Criterion | Completeness |

Description Is the schemacomplete(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 Objectve.

| Criterion | Minimality |

Description Is the schemamodeledcompactlyandwithoutredundancies?

Relevance Importantbecauseonceptuabchemashouldbe precise.

Measuring By review of atechnicalexpert. He hasto checkwhetherthere
areaspectsnodelledmorethanonce.

Metric Redundanaspectsn proportionto all modelledaspects.

Degreeof No.

automation

Objectivity Objectve.

| Criterion | Ability of integration |

Description Is the schemasuitedfor organisatiorcomprehenske standardiza
tionsor modelings?

Relevance Dependn the context of the projector organisation.The more
anenterprisas involvedin aneconomicahssociatioror themore
its internationalorientation the morerelevantis the ability of in-
tegration.

Measuring Determining,whetherthe namesof aspect@arecommontermsin
thebranchor wetherthey areinternationallyaccepted.

Metric Commonaspectsn proportionto all modelledaspects.

Degreeof Partly, e.g. by usingathesaurus.

automation

Objectivity Objectve.




| Criterion | Readability

Description Are explainedall termsusedin theschema?

Relevance Veryimportant,especiallyfor the dialoguewith technicalexperts
andfor peoplecomingalongto the projectlater.

Measuring Review of documentationDetermining whetherfor every aspect
existsa meaningfulannotation.

Metric Rateof annotatedispectsn proportionto all modelledaspects.

Degreeof Partly, with regardto existenceof annotationghe

automation measuringcanbe doneautomatedwith regardto quality of anno-
tationshumaninteractionis necessary

Objectivity Quiteobjectve.

Tablel: Criteriafor reviews of objectorientedschemas

As a conclusion,we canemphasise¢hat measuringof mostcriteriacannot be
automatedOn the otherhandall the mentionedcriteriaareatleastquite objectie.
At this point we assumehatthe reviewer hasdeepknowledgeandheis not preju-
diced. As a consequenceonstructve methodshowthe experthasto do his review
canbegiven.

Table 2 turnsthe attentionto somequalitity aspectdeingrelevantto the database
developmentprocessbut not suitedfor reviews. The reasonis givenin the right
columnof thetable.



Criterion

Why not suitedfor a review?

Extensibility

(Can new re-
quirementshe
integratedinto
the
easily?)

schema

Very relevant for every schemabecause80% of the costof an

information systemare maintenanceost. Neverthelessxtensi-
bility canrarelybedeterminedor aconceptuaschemaWe only

canstatethatobjectorientationasdatamodelfor the conceptual
levelis agoodbasisfor extensibility.

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

Although reusabilityis very importantto probablysave effort in
later projectsit is notappropriatdor reviews. Similar to extensi-
bility, objectorientationasdatamodelfor the conceptualevel is
agoodbasisfor reusability

Schema man-
agement (Are
well ordered
administra-

tion, use and
update of
the
possible?)

schema

Schemamanagemenis very relevant, especiallywith regardto
comprehensibilityof development.It shouldbe provided by the
modelingtool or its repository During a review only the correct
useof versionnumberscanbechecled.

Transformabili
(Is it possible
to transform
the
to the logical
layer?)

schema

[yTransformabilityis importantbecauseconceptualchemasonly
malke sensevhenbeingtransformable A generictransformation
algorithmshouldbe partof theunderlyingmethodology

Normalisation
(Does the
schema fulfill
normalisation
rules?)

This criterion is very relevantin the relationaldatamodel. So
whenusingthe ER model or an extensionas conceptuaimodel
checkingof normalisationrules shouldbe part of a review. But
it is not relevantto objectorientedschemaspecauseheredo not
exist arny commonlyacceptedhormal forms for objectoriented
databasschemas.

Table2: Criterianot suitedfor reviews




4 Implementation

Thearchitecturef theimplementations shavnin figure3 whereathegrey coloured
componentsirealreadyrealised.The metamodelfrom figure 1 is implementedas
repositorydatabaseA persistencéayerencapsulatethe methoddor creatingand
manipulatingobjects. On top of this thereis a graphicaluserinterface providing
dialoguedor the reviewer to definecriterions,review typesanddocumenteviews
(seefigure 4 for an example). Moreover, documentedeviews canbe exportedas
HTML documentgseefigure5 for anexample).

Thearchitecturdas open:the middle layer offers aninterfaceproviding the manip-
ulation of objectsto external systems.Theseexternal systemscanrealize (semi—
)automatedneasurings.

HTML

GUI
export

External system:
(semi-)automated
measuring

| Logic: manipulating objects |

[}
Q
<
g
=4
)
s
=]

| Persistence layer |

Repository of Repository of

review db reviewed

schema

Figure3: Architectureof implementation

B3 ODAWA : Review : Criterion M= 3
Criterioniame |(Tec:hnic:a|) correctness
Description Are all modelled aspects correct with respect to the
requirements and terms of the domain?
Metrics (Correct technical aspects in proportion to all technical
sspects.
Measures Review Types
Criterion iz uzed in the following review types:
Mame Mame Meazure ‘Weight  Minimum «
P [Standard Review Measuiing canectness by an ex| 1 0,95
*] I | |
=
> ‘ Mo x| | It |

Figure4: GUI of thetool



7 RepoReview - Netscape

Edit View Go Communicator Help

« ¢ 3 F a2 < & @ @
Back Fopward  Feload Home Seaich  Metscape Frint Security Shop Stop
w‘ " Bookmarks . Location: IfiIe:."x’z'DI./‘FleviewaDAW'AFleview.htm

v ﬁ\nstantMessage Internet Neuigkeiten Interessantes Mitglieder Werbindungen Marktp

UURTVA
= - SchemaReview
Schema name: Sales Analysis
Date of review: 9.4.2001
Marme of reviewer: it
Remark: The review was guite successful. The deficits with
regards to completeness and documentation has been
removed since the review lastweek
Walue: 0,96
Passed: es
Fredecessor: Review from 3.4.2001
Measured Values
Criterion (Technical) consistency
Value 0,95
Metri Consistent technical aspects in proportion to all technical aspects.
rics -
Aspects are attributes, classes and roll up pathes.
Measuring Listing e_lll aﬂributeg‘_classes and roll up pathes ofthe schema; check for
each of it, whether itis ok.
Criterion (Technical) correctness
Value 0,88
Metri Correcttechnical aspects in proportion to all technical aspects. Aspects
rics
are all schema elements.
Measuring Listing all scherma elements; check for each of it, whether it is correct.
Criterion (Technical) relevance
Value 0487
Metrics Relevant technical aspects in proportion to all technical aspects.
Aspects are fact attributes, dimensional levels and roll up pathes.
Measuring Listing all fact attributes, dimensional levels and roll up pathes ofthe
schema; check for each of it, whether itis relevant to the specification.

Figure5: HTML outputof thetool

We have usedthe methodandthetool within the scopeof our researctproject
ODAWA (OFFIS Tools for Data WarehousingJHer00, HerO1]. For conceptual
modelingwe areusingMML (MultidimensionaModelingLanguagej)HH99, HHOO],
alanguageroviding objectorientedaswell asmultidimensionamodelingaspects.
We have composed specialkind of review typeby selectingsomecriteriafrom ta-
ble 1. To putaspectsn concretdormsasgranularitywe have selectedhe schema
elementdact attributes dimensionalevelsandroll up patheswhich areall very
importantin the contet of datawarehousesThe metricfor technicalcompleteness
is calculatedoy

cni( fact attributes)+ent(dimensional levels)+cent(roll up pathes)
cni(relevant fact attributes)+cent(relevant dimensional levels)+cnt(relevant roll up pathes)

wherecntis afunctioncountingthe numberof namedaspects.

As practicalprocedurehe expertdid a brainstormingof all relevantfactattributes,
dimensionalevelsandroll up patheswith regardto the scopeof the projectandhis
domainknowledge.

By doing suchreviews someinaccuracie®of the conceptuablesignhave beende-
tectedin threeiterationsof stepll andsteplll in the processmodelin figure 2.
Especiallythe designof roll up pathesbeingrelevantfor dataanalysisin thefuture
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have beenrefinedduringthis process.
We think thatfinding theseerrorsat a very early stageof informationsystemdevel-
opmentcanimprove the conceptuatchemandsare muchdevelopmentcost.

5 RelatedWork

Therehave beensomeapproachesoncerningwith quality of databaseschemasn
thepast,anoverview is givenin [Bur98§].

Onefamouswork is [BCN92] (adoptedoy mary otherse.g.[Ris92,Ris93). Some
criteria that mustbe fulfilled to call a databaseschemabeingof high quality are
listedin the publications.Eachof thesecriteria (completeness;orrectnessmini-
mality, expressvenessreadability self explanation,extensibility andnormality) is
describedyy prosaandsomeexamplesaregiven.
[Bru9l,RG94]enumeratepecificrulesfor developinghigh—qualityrelationaldata
models. Focusof theseworksis the practice,someproceduraimethodsor devel-
opingdatamodelsareincluded.

In [MS94] quality aspectaredefinedthatshouldbe measuredby metrics.To com-
paredifferentdatabasechemashemeasuredaluescanbeweighted.Theaimisto
find the bestsolutionby evaluatingalternatve solutionsfor a task. The aspectof
quality are simplicity, completenesd]exibility, integration,understandabilityand
implementability

In software engineeringreviews are known astaskfor checkingdocumentsro-
ducedduring the software developmentprocesqseee.g. [GG93,Som0Q). The
goalof areview is to detectstrengthsandweaknessesf the revieweddocument.
[CMOO] lists somequality criteriafor databaseschemasndpostulatesan explicit
review, but it is restrictedo the ER model.

All the listed approacheslo not allow to definenew review typesby putting to-
gethercriteriaor addingnew ones.Moreover, mostof themarenottool-supported.
Thecited contritutionsaresummarizedn table3.

Quality | Measuring/| Reviews | Tool | Database
criteria | Metrics model

Bruce,Reingruber
andGregory ° o o o ER
[Bru9l,RG94]

Bataniet. al. [ BCN92] ° o o o ER
Rishe[Ris92,Ris93 ° o o ° ER
Moody/ShankgMS94] . ° (o) o ER
Claxtonand . o ° o ER
McDougall[CMO0Q]

This papers approach . ° ° (¢) | ER/OO

Table3: Comparisorof relatedwork
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6 Conclusionand Future Work

In this paperwe have motivatedwhy an explicit review of the conceptuakchema
is usefulduring databaselevelopment.We have shavn a metamodelfor criteria,
review typesandreviews. Thenwe have listed criteria being relevant for object
orienteddatabasschemasndwe have shovn how userscanbuild review typesby
usingthesecriteria. After sketchingtheimplementationyve briefly reflectedelated
work.

As future work, we wantto designandimplementmorealgorithmsfor automated
measuringFurthermorethetool shouldbeimprovedto supportthereviewerwhen
measuringquite) objective values.
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