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Abstract. Metric values can be used in order to compareesatliate software
entities, find defects, and predict quality. Fomsoprogramming languages
there are much more known metrics than for otHesgould be helpful, if one
could use existing metrics in order to find cantkdafor new metrics. A
solution is based on an observation that it is iptesso specify abstract syntax
of a language by using a metamodel. In the paperetrics development
method is proposed that uses metamodel-based atians| In addition, a
metamodel of a language helps us to find the exibatset of metrics in terms
of that language. That allows us to evaluate thersof the core of a language
and to detect possible quality problems of a sehefrics. The paper contains
examples of some candidate metrics for objecticalat database design,
which have been derived from existing metrics.

Key words. Metric, Measure, Metamodel, UML, Object-relatiorddtabase,
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1 Introduction

Metrics, the values of which characterize softwdesigns, can be used in order to
compare designs, find defects, and predict qudtty. example, Choinzon and Ueda
[1] refer to 22 objectoriented design metrics that are presented in the research
literature. In addition, they define 18 new desigetrics. There are fewer metrics that
allow us to evaluate database designs. For exarRpdtini et al. [2] present three
table oriented metrics forelational databases. Piattini et al. [3] present twelve
metrics that help us to evaluate the design dflgactrelational database. Muller [4]
proposes to evaluate structural cohesion of tdidsed on their normal forms.
Metamodeling is a well-known activity in softwaraggneering that allows us to
specify abstract syntax of a language. Seidewitz\fies that a metamodehiakes
statements about what can be expressed in the wadidels of a certain modeling
language" If we use UML as a metamodeling language, tlzemgliage elements and
their relationships are presented by using claaigbltes (properties) and
attributes/relationships, respectively [6]. Is dsgible to use metamodels in order to
create and improve metrics? McQuillan and Power frite that definitions of
metrics should beeusable Researchers have usetttamodelsand ontologiesin
order topresentobject-oriented design metrics [8] and databasigdemetrics [9],
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respectively, as precisely as possible. For exemBiQL:2003 [10] is a large
international standard that specifies the datalmegramming language SQL. An
SQL:2003 ontology [9] is presented by using UML.eTbntology resembles a
metamodel. A difference with a metamodel of SQL2@0that the ontology follows
the principle of minimal ontological commitmefitl] and therefore covemnly the
most important parts of SQL:2003 instead of spé&uifghe entire language.

Baroni et al. [12] think that an SQL:2003 ontologyhich is a step towards a
complete SQL:2003 metamodel, helps us to prevenbiquity in metrics
specifications and automate the collection prooéssetrics values.

In this paper, we proposadditional means for using metamodels in the
development of metrics. We assume that metrics libling to a set M help us to
evaluate software entities that are created byguaifanguage L. Models, patterns,
and fragments of code are examples of softwaréesti

The first goal of the paper is to proposensetamodel-basethethod for creating
candidatemetrics. This novel method uses a metamodel-biaadlation and allows
us toreuseexisting metrics specifications. Such method cdaddused in case of any
software development language if a metamodel ofathguage is available.

The second goalof the paper is to propose rmaetamodel-basednethod for
calculating theextentof a set of metrics M in terms of a language LisTimethod
allows us to find concrete numerical estimateshaf size of the core of L as the
designers of metrics see it. A small extent of M isign ofpossiblequality problems
of M because M may be incomplete. For example, Mii&yuand Power [7] note that
existing UML metrics deal only with a small part aif the possible UML diagram
types. The existing metrics evaluation methodsl[, 14] do not take into account
whether all the metrics, which belong to a setedfted metrics, together help us to
evaluate all (or at least most of the) parts dffarsare entity.

The data model, based on which a database syst@M$Dis implemented, is a
kind of abstract language [15]. In this work, weastigate twambjectrelational data
model approaches as the examples:

1. The underlying data model of SQL:2003 (R [10].
2. The underlying data model of The Third Manife@@dRr,) [16].

We have found few metrics about @R database design and no metrics about
ORry database design.

The third goal of the paper is to use the proposed metamodetbasthods in
order to evaluate the existing @R database design metrics and to show how to
develop an OR-y database design metric based on agf)Batabase design metric.

The rest of the paper is organized as follows. i&e@ analyzes how we can use
metamodels of languages in order to create andia&eaimetrics. In Section 3, we
present examples. Firstly, we evaluate somgdpRatabase design metrics in terms
of an ORg_ metamodel. Secondly, we design some candidatg\Dffatabase design
metrics based on a set of QR database design metrics. Thirdly, we find the mixte
of some sets of metrics. Finally, Section 4 sumeearthe paper.
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2 On Using Metamodelsin the Development of Metrics

Piattini et al. [3] and IEEE Standard for a Softev@uality Metrics Methodology [17]
describe frameworks of metrics development. Theyndbd propose theeuse of
existing metrics as one possible method how to daddidate metricsA candidate
metric is a metric that has not yet been approvedjected by experts.

We think that it is not always necessary to st@tetopment of a metric from
scratch. Instead, we could try to reuse existingrioge The motivation of this
approach is that it allows us to create quicklydidate metrics and experiment with
them in order to improve our understanding of a diomand get new ideas. In
addition, candidate metrics provide a communicabiasis for discussions among all
groups that are involved in the development of\& set of metrics. It is possible that
a candidate metric evolves and becomes acceptedvalithted metric or the
candidate metric is rejected after evaluation. Tpmposed approach should
complemenexisting methods of metrics development but nptaee them. Figure 1
presents the concepts that are used in the propaggamoach and their
interconnections.

0.1 ideally, the metamodel element represents
-referenced element [ {Aand B are
Language element from different
metamodels}
0..* 1.*
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Fig. 1. A domain model of the proposed approach.

Each language consists of one or more languageeealsmit is possible to
represent abstract syntax of a language by usimgtamodel. A language can have
different metamodels, which are for instance crdby different parties or are
presented with the help of different languages. &amodel, a software metric, and a
set of software metrics are examples of softwarniiesn Each software entity is
created by using one or more languages. For exarapteetamodel of UML [18]
consists of UML diagrams, OCL expressions, and-foeen English text. Another
example is that Ofy metrics [9] are presented by using OCL expressimsfree-



Erki Eessaar

form English text. A language can have associatetlics that can be used in order to
measure properties of the software entities thatcaeated by using this language.
Each metamodel consists of one or more metamoéehezits. There could exist
mappings between elements of different metamodtelsatilow us to create candidate
metrics by using metamodel-based translation. Aimebuld be calculated based on
values of other metrics.

Let us assume that the metrics that belong to &de¢lp us to evaluate software
entities that are created by using a language t.ukealso assume that there is a
language L', the corresponding metrics of whicltobglto a set M'. All the methods
that are proposed in this paper require the existefthemetamodelsf L and L' and
also the existence ofiappingof elements of L and L' metamodels. If UML is used
order to create these metamodels, then the elenteatsmust participate in the
mapping areclasses For example, a metamodel of UML [18] containsssks like
“class", "action", and "actor" and a metamodel &sQ [19] contains classes like
"data type", "constructed data type", and "dateetgonstructor'. We follow the
example of Opdahl and Henderson-Sellers [20], wwaluate a language based on
classes of a metamodel and do not use a mappingebetrelationships and a
mapping between attributes.

A pair of elements (that are from the different ambdels) exists in the mapping if
the constructs behind these elements have exdwlysame semantics or they are
semantically quite similar. Designers of L and htlausers of both these languages
are the experts who are the best suited to dedid¢her thesemantic similarityof the
underlying constructs of two elements is big enoumghbrder to place a pair of these
elements into the mapping or not. Ideally, thesppirays should bstandardized

The use of mapping of elements of metamodels ierot@ evaluate languages or
translate models is not a new idea. However, wethiseapproach in aew context
For example, ontological evaluation of a languagy@ icomparison of the concrete
classes of a language metamodel (language corstrudth the concepts of an
ontology in order to find ontological discrepanciesnstruct overload, construct
redundancy, construct excess, and construct ddf26}f Opdahl and Henderson-
Sellers [20] use UML metamodel in order to perfoam ontological evaluation of
UML by comparing it with Bunge—Wand-Weber (BWW) nebdof information
systems. Researchers have proposed metamodeldmaspdrison of ontologies [21].
It is also possible to compare two languages byguieir metamodels. For example,
researchers have proposed metamodel-based conmpafidata models [19, 22]. The
work of Levendovszky et al. [23] is an example tidy about metamodel-based
model transformations from one language to another.

2.1 New Means of Using M etamodelsin M etrics Development

In this section, we present some new means of usgtgmodels of languages L and
L' in order to create and improve metrics that bgldo the sets M and M/,
respectively. We will present examples of the Usth@se means in Section 3.

1. A metamodel of L helps us to find shortcomingghe specification of individual
metrics that belong to M. We have to make suredhdhe language elements that
are referenced in a specification of a metric @beof these language elements is



On Metamodel-Based Design of Software Metrics

X) have a corresponding element in a metamodel (@fie. set of all the metamodel
elements is Y; there is a total injective functioixX—Y) and X is the same in all
the different specifications of the same metrichHse conditions are not fulfilled,
then it shows us that the wording of a metric matybe precise enough. The result
of this investigation could be improved wordingtbé specifications of metrics or
the creation of new candidate metrics.

2. It is possible to develop candidate metricslfofthat belong to M") by translating
metrics that belong to M. This translation is baseda mapping of elements of
metamodels of languages L and L".

3. A metamodel of L helps us to evaluate the extém and find the elements of L
that are not covered by M. Thisaylead to the creation of new candidate metrics.

The quality of the results of the use of these medgpends on the quality of a
metamodel. For example, if a metric refers to glege elemerit(that belongs to L)
but a metamodel of L has no element that repredernten we will erroneously
conclude that the metric is imprecise (see the firsan) because an element of X has
no corresponding element in Y. This example stiesseimportance of evaluation
and standardization of metamodels.

2.1.1 Metamodel-Based Creation of a Candidate M etric

Let us assume that we want to translate a metfiom a set M in order to use it in
case of software entities that are created by usinyext, we propose a method that
allows us to develop metrics by usinghatamodel-based translation

1. Extractnounsfrom the text of a specification a.
2. Find all the elements of L metamodel that cqroesl to the nouns that are found
during step 1. It allows us to find language eletsebased on which a value rof

is calculated.
2.3.For each element of L metamodel that is found dustep 2, find a correspondind;

element of L' metamodeDiscrepanciesof the metamodels will cause some

problems:

0 If an element of L metamodel has more than oneesponding element of L'
metamodel, then it is not possible to perf@uatomatictranslation and a human
expert has to choosmecorresponding element of L' metamodel.

If at least one of the found elements (see stey R)metamodel does not have a

corresponding metamodel element of L' (theredsrestructdeficitin L), then it

is not possible to perfornautomatic translation. A human expert has to

investigate whether it is possible to use any metihelement of L'. If it is not

possible, then the process finishes. As you can #®e® bigger are the

discrepancies between two languages, the harietoitranslate a metric.

4. In case of each element ofrhetamodel (each class in case of UML) that is found
during step 3, check whether it is part of a spizaiion hierarchy.

0 If a metamodel elemerd' is part of a specialization hierarchy, then a hama
user has to evaluate whether ifristeadpossible to use some direct or indirect
supertypeof e' in order to construct a metric for L'. If the usiea supertype is
reasonable, then a metrics designer has to usesupisrtypeinsteadof €' in
order to construct a new metric. It ensures thatribw metric can be used in as
many cases as possible.
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5. Use the names of all the selected metamodelegiesnof L' (from step 3, 4) in
order to construct a candidate metrit
) "Initialism is an abbreviations formed from initifetters."[24] If m has an
initialism, then create an initialism of' based omm. Firstly, we have to identify
a phrase or name based on which an initialisrma$ created. Secondly, we
have to find the corresponding name or phrasm'irFinally, we have to use
initial letters of words in this phrase or namenimin order to construct an
initialism tom’.
6. Validate the new candidate metm¢formally and empirically in order to accept or
reject it. The validation procedure is not the sabjof this paper. However, there
are already a lot of studies about evaluation dfice[3, 13, 14].

If a metricm is a derived metric, the value of which is caltetabased on the
values of a set of metrics, then we firstly havdrémslate metrics that belong to this
set before we can translate

For instance, the proposed method could be usedder to translate metrics of
UML models [25] or OB, database designs to metrics that could be useds® of
Object-Process models [26] or @R database design, respectively. This would
allow us to quickly find some metrics and to sthsir evaluation.

A poblem is that if the quality of an initial metris low, then the quality of a
resulting metric will also be low. If an initial rre has associated tresholds of
undesirable values [1], then we cannot use themase of a new metric, without
extensive testing. It is also possible that a neatrimwill become less important than
the original, because languages L and L' could gitgntion to different things and
hence different parts of these languages are impbtd the designers. A new metric
might be about relatively unimportant part.

The existence of this method makes it possible ttdeast partially automate
translation of metrics. It is not possible to fubyitomate it because sometimes a
human expert has to make decisions (see step$3, 4,

2.1.2 Metamodel-Based Calculation of the Extent of a Set of M etrics

It is possible that some elements of a languageelnat taken into account tany
metric in M. The percentage of the metamodel elémtrat are covered by at least
one metric in M shows us tlextentof M in terms of L. The extent of M (we denote it
E(M)) is a candidatenetric that helps us to evaluate M in termsamimpleteness
E(M) value is a percentage. The bigger the valuthesmore complete is M.

More precisely, let us assume that we use UML tfeoto create metamodels. If
we calculate the value of E(M), then we have teetako account a mapping MA
between metrics that belong to M and classes iremodel of L. MA contains a
pair of a metriom and a class, if the calculation formula ofn takes into account a
language element that is presentea.by

We can calculate E(M) based on the formula (1) eher

0 a is thetotal numberof different classes of a metamodel of L, whicltipgate in
at least one pair in MA, and their direct or indirsubclasses. We should not count
any class more than once. For example, if two elR$s the mapping have the
same subclass, then we have to count this submtdg®nce.

[1 b is thetotal numberof all classes in a metamodel of L.
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E(M) =a*100/b . 0

All the elements of a metamodel of L that do nottipgoate in any pair in MA
represent the parts of L that are not covered bynthtrics in M.

We try to measureompletnessf a set of metrics by using this metric. We htave
use matching of metrics and metamodel elements amalinting of matches and
metamodel elements in order to calculate this metris metric can be used within
and across projects and workgroups that deal vii¢ghdevelopment of metrics or
decide the use of particular metrics in a particptaject.

Firstly, if we assume that metrics should pay dibenonly to the most important
elements of L, then E(M) shows us the extent ofdbee of L as the designers of
metrics see it. If this core is small, then it emisa question whether L containts
unnecessary elements. If a set of metrics M hadl $6(lsl) value, then it does not
necessarilymean that this set has quality problems. Diffeneatts of a language
could contribute differently to the overall quality a software entity, that is created
by using L. However, a small E(M) value points e possiblequality problems of
M, because M might be incomplete and thereforetaxhdil investigation is needed.

A language could have more than one metamodel.ekample, they could be
created by different parties or by using differkamguages. It is possible, that:

1. different metamodels specify different sets afiguage elements. For instance,
CIM (Common Information Model) is a conceptual infation model that
specifies different areas of information technologyanagement. Part of CIM
Database Model [27] is a model of SQL Schema.dsents only eight classes that
correspond to the constructs that are specifiethéenSQL standard [10]. On the
other hand, the OR. metamodel [19] contains 110 classes.

2. in one metamodel a relationship between langedgy@ents is presented with the
help of an association class but in another metaiimg using an association. For
instance, Baroni et al. [12] use associations @epto model relationships between
classesReferential constraintand Column On the other hand, the QR
metamodel [22] contains association clagRegerencing columand Referenced
columnin order to specify these relationships.

3. in one metamodel a language element is presaritedhe help of an attribute but
in another metamodel by using a class. For insta@t& Database Model [27]
contains clas§glDomainthat has attribut®ataType There is no separate class
DataTypein CIM Database Model. On the other habdta typeis a separate class
in the ORo. metamodel [22].

There could also be similar differences betweefedifit versions of the same
metamodel. Therefore, we can find different E(Mlueafor the same set of metrics if
we use different metamodels. It means that each)B{@ue should always be
accompanied with the information about the metar@deluding its version) based
on which it is calculated. If a language has mbantone set of metrics and we want
to compare these sets in terms of E(M), then wee avuse the same metamodel
version in order to calculate E(M) values.
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A possible negative side efect of the use of thigrimis the creation of simplistic
and unuseful metrics in order to increase the vafug(M).

Empirical validation of a metric should involve eastudies [3]. The next section
contains a case study about the use of E(M).

3 Case Study: Object-Relational Database Design Metrics

In this section, we demonstrate and analyze thetisetamodel-based methods that
allow us to develop and analyze metrics. We intcadithem in Section 2.

The concept "data model" has different meaningslifferent contexts. In this
paper adata modelis an abstract, self-contained, implementatiorepehdent
definition of elements of a set of sets {T, S, Q,tkdat together make up the abstract
machine with which database users interact. Indage: T is a set of data types and
types of data types; S is a set of data strucimdstypes of data structures; O is a set
of operators and types of operators; C is a sebo$traints and types of constraints.
This is a revised version of the definition thatpisesented by Date [15] and our
previous definition [19]. Relational and objectatnal data model are examples of
this kind of data models. These data models arraabdanguages [15] and we can
use the methods that were presented in SectioroBdir to create and improve their
corresponding metrics.

In this section, we investigate the object-relaiofOR) data model. This model
should combine the best properties of the relatidaga model and object-oriented
programming languages. Currently there is no com®® data model yet. The
work of Seshadri [28], 3rd- generation DBMS martide29], The Third Manifesto
(ORrrm) [16], the work of Stonebraker et al. [30, 4], €@QL: 2003 (ORg.) [10] are
all examples of different OR data model approachiesvever, they have significant
differences. For example, all the approaches frbenget of previously mentioned
approaches support the idea of an abstract datastygtem that allows designers to
construct new types. However, there are differgmimions about the exact nature of
this system. For example, only 3rd- generation DBkhifesto [29] and SQL: 2003
[10] propose the use of array type constructortti@nother hand, only Stonebraker et
al. [30, 4] and SQL: 2003 [10] propose the useefdénence type constructors. Eessaar
[22] presents metamodels of @R and ORry and their metamodel-based
comparison.

More precisely, in this section we investigate QRand ORty database design
metrics. Piattini et al. [3] propose twelve metricorder to evaluate Qfg, database
designs. We denote the set of these metrics @gdyl We are not aware of database
design metrics, the specification of which usesr@Rerminology and which are
created specifically for ORy. Therefore, a task of this section is to invesdgaow
to create candidate QR, database design metrics.

3.1 On Evaluating the Wording of Existing ORsg. Database Design Metrics

A metamodel of a language (a data model in thig)cakows us to find shortcomings
in the specifications of metrics. A metamodelnigtiis case a kind of aiding tool.
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A metrics designer has to check, whether all theglage elements that are
referred in various specifications of a metric haxactly one corresponding element
in a metamodel of the language or whether thereir@nsistencies. For example,
some specifications of the metrics that belong txdd, refer to “complex columns".
The ORg. metamodel [22] does not have a class "complexnwaluand ORq.
specification [10] does not refer to this concéptaddition, Piattini et al. [3] do not
give exact definition of "complex column”. Barort &. [9] write that a complex
column has a structured type. However, a user-eéftype is a structured type or a
distinct type in ORg.. In addition, ORy, allows us to useonstructed type@nultiset
type, array type, row type) as declared types bfros. Both base and viewed tables
can have columns, the declared type of which isarmedefined data type.

A metrics designer has also to check, whethempaitidications of the same metric
refer to exactly the same set of metamodel eleméntsexample, informally, a value
of metric PCC(T) is "percentage of complex colunofi@ table T" [3]. Based on a
metamodel of OB, [22], we can see that a table is a base tabl@naignt table or a
derived table (these classes form a specializéi@rarchy). A viewed table (view) is
a derived table. However, Piattini et al. [3] dd imalicate, whether PCC(T) considers
only base tables or also viewed tables. They atie $thema objects. Baroni et al. [9]
presents PCC(T) more formally by using OCL and shdlat a PCC(T) value is
calculated only based drase tables

These examples illustrate that (1) informal speatfons metrics should be more
precise and (2) we need additional metrics thatldvtake into account viewed tables,
distinct types and constructed types.

3.2 On Designing ORt1y Database Design Metrics Based on Existing Metrics
Table 1 presents mapping of soolessef the metamodels of Q. and ORyy.

Table 1. Mapping of some classes of the metamodels ofBNd ORqy.

Class in the metamodel of QiR[22]

Class in the metamodel of Qg [22]

Base table

Real relvar, Relation

Typed base table

Structured type

User-defined scalar type

Base table column

Relvar attribute

Predefined data type

Built-in scalar type

Attribute Attribute
SQL-invoked method Read-only operator, Update operat
SQL-schema -

Referential constraint

Referential constraint

Referencing column, Referenced column

Column 'Class in the metamodel of @R' contains names of classes from the
ORsq. metamodel [22]. Name of a class exists in thisiewl, if specification of at
least one metric from the setdisg refers to a language element that has this
corresponding class in a metamodel of§QRColumn 'Class in the metamodel of
ORrv' contains names of the corresponding classesi®Ry metamodel [22]. A
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pair of classes from the metamodels offgRand OR+y exists in the mapping, if
these classes represent language elements thasemnantically equivalent or
significantly similar.

Next, we present examples of manual resolutionoofstruct deficitproblem that
was described in step 3 of the algorithm in Sec®dnl. The Third Manifesto argues
explicitly against pointers at thegical database level and typed tables (including
typed base tableg in the section "OO Prescriptions"[16]. Thereforge cannot
completely translate metritable size of a table that belongs to MksaL.

Schema Sizis a metric from Mgrsq.. A database is a named container of database
relational variables (relvars) in @R, [16]. ORsqL, on the other hand, does not use
the concept "Database". Instead it uses concep@l-$8hema", "Catalog" and
"Cluster”, which are all collections of objects. Abject is a cluster, a catalog, a SQL-
schema, or a schema object. The sgRmetamodel class "SQL-schema" has no
corresponding class in the @fg metamodel. We think that in case of R we
could instead calculateatabaseSize(DS) instead of Schema Size. DS is sum of the
size of every relvar in a database (a metric fanmeging the size of a relvar must also
be translated from OR)).

Depth of relational tree of a tableRT(T) is a metric from Mgrso. that shows us
"the longest path between a table and the remaiaibigs in the schema database"
[9]. We have created classBeferencingColumn and ReferencedColumnin the
ORsq. metamodel in order to model associations betwBase table columrand
Referential constraint ClassesReferencingColumn and ReferencedColumn are
necessary in the Qg metamodel because @R pays attention to the order of
column names in a referential constraint specificaind we need a place for the
attribute ordinal_position It is possible (but not necessary) to createesponding
classes in the ORy metamodel. However, these classes would not hawe a
attributes (includingordinal_position because ORy does not pay attention to the
order of attribute names in a referential constrgpecification). In addition, metrics
in MorsqL do not take into account the ordinal position Hretefore we conclude that
it is possible to find corresponding metrics for OR) in OR despite the construct
deficit.

3.2.1 An Example

Next, we demonstrate how to create candidaterfp®Ratabase design metrics based
on the ORq. metrics by using the algorithm that was introdute8ection 2.1.1. We
investigate metrics NFK(T) and RD(T) that belonghe set Mrsq. [3]. Baroni et al.

[9] present specifications of NFK(T) and RD(T) hetfollowing way:

[0 "NFK (Number of Foreign Keys): Number of foreigeyls defined in a table.
BaseTabl e:: NFK(): Integer= self.forei gnKeyNumber ()

[0 RD (Referential Degree): Number of foreign keysiitable divided by the number
of attributes of the same table.

BaseTabl e:: RD(): Real = sel f.NFK() / (self.all Colums()
-> size())"
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These specifications consist of a natural langyzagé and are also presented by
using OCL, which arguably makes them more formald amnderstandable.
Unfortunately, Baroni et al. [9] do not specify @fions that are used in the OCL
specification. We note that tables haa@umnsand structured types haedtributes
according to the O metamodel [22]. As you can see, analysis withtibig of a
metamodel may help us to improve the existing waydif metrics.

RD is an example of a metric that depends on anatiedric (NFK) and therefore
we have to firstly translate NFK. We also note thatric Referential Degree of a
table T(RD(T)) has different semantics in the studies iettii et al. [3] and Baroni
et al. [9] and it causes confusion. Piattini et[8]. defines RD(T) metric as "as the
number of foreign keys in the table T". The cormgting metric in the work of
Baroni et al. [9] is nameNumber of Foreign Keys

Steps 1, 2Relevant classes of the @ metamodel [22] areBase table Base
table columnReferential constrairisee Table 1). We can find them by investigating
nouns in the existing specifications of metrics.

Step 3 Table 1 presents classes of thefg@Rmetamodel that correspond to some
classes of the Q. metamodel. Firstly, some elements of thes@Rmetamodel
have more than one corresponding element in then@RetamodelBase tablehas
two corresponding classes in the iR metamodel -Real relational variablgReal
relvar) and Relational value (Relation)ORy clearly distinguishes the concepts
"value" and "variable". A variable has at any motneme value, but it is possible to
change this value. In QRgy, the concept "table” means "table value" as welltable
variable". The next definition is an example ofttH& table is a collection of rows
having one or more columigl10] It is an example otonstruct overload20] in
ORsq. because a construct in @R corresponds to several not-overlapping
constructs in OR. Date and Darwen [16] write that referential comisits apply to
relvars. Therefore, we decide that the corresponding ¢taBsse tablés in this case
Real relvar

Step 4 We identified the concept "real relvar" during thtep 2. Date and Darwen
[16] write: "Referential constraints are usually thought of aplging to real relvars
only. In the Manifesto, by contrast, we regard thesmapplying to virtual relvars as
well." Real relvar and Virtual relvar are subclasses dRelvar in the ORy
metamodel. Therefore, in this case we can use &abgr instead of clasfkeal
relvar.

Step 5 Now we can create specifications of two candidatdrics for ORyy by
replacing ORg. concepts in the specifications with @R concepts. The
specification consists of an informal natural laage specification and a specification
that is written in OCL. The level of precision bEtspecifications is analogous to [9].

[0 NRC (Number of Referential Constraints): Numbereférential constraints where
a relvar is the referencing relvar.

Rel var:: NRC(): Integer=
sel f.referential Constrai nt Nunber ()

[0 RD (Referential Degree): Number of referential stosints where a relvar is the
referencing relvar divided by the number of atttédsuof the same relvar.
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Relvar:: RD(): Real= self.NRC() /(self.allAttributes()
-> size())

We created initialisms NRC and RD based on the saliNember of Referential
Constraints" and "Referential Degree", respectively

We also note that we can translate some metri¢satieanot intended to database
design, in order to find candidate database desigimics. For example, Habela [31]
presents anetamodebf an object-oriented database system. Date [#plais that
classes in object-oriented systems correspondalarsdata types in Ofgy databases.
An attribute in a class corresponds to a componéiat possible representation of a
scalar type. A method of a class corresponds tapanator that has been defined in an
ORry database. Therefore, it is possible to translameesOO design metrics [1] to
candidate OR, database design metrics. For examplember of Attributes (NOA)
[1] becomes tdNumber of components in a possible representatfoa given type
and Number of Methods in a Class (NONbecomes toNumber of read-only
operators, the return value of which has a giverety

3.3 On Evaluating the Extent of Sets of Database Design M etrics

We could create a set of metrics for fpRby translating all the metrics in ddsqL.
We denote this set asddrry. In this section, we evaluate the extent of thériggin
MorsgLand Mprrrv based on the formula (1) (see Section 2.1.2).

The ORg. metamodel contains 110 classes [19]. Table 1 sediectly to 11
classes of the metamodel. These classes have caddlit?O different subclasses.
Therefore, the extent of dsoL is: E(Morso)=((11+20)*100)/110=28.2%. As you
can see, more than two thirds of Rconstructs are not covered by these metrics.

UML [18] allows us to use packages in order to gronodel elements and manage
complexity. According todefinition (see Section 3), a data model hemur
components. Eessaar [19, 22] proposes to createdoresponding packages in order
to manage the complexity of a metamodel of a daidaithat is presented by using
UML: Data typesData structuresData operatorsandData integrity

Ideally, each metamodel element should belong &tk one of these packages.
However, Eessaar [19, 22] has found 3 classesedd®, metamodel that cannot be
classified to any of these packages. Table 2 pteska extent of MrsgL in terms of
each of these packages. It shows us, how muchas@trivbrso, pay attention to the
different aspectsf ORsq, data model.

Table 2. The extent of Mgsq. in terms of the different data model components.

Data model| Amt. of classes angTotal amt. of classes in aE(Morsaql

component their subclasses in the package (b) [19] (a*100)/b
mapping (a)

Data types 11 38 28.9%

Data structures 14 26 53.8%

Data integrity 3 16 18.8%

Data operators 3 27 11.1%
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Table 2 shows us that metrics in,pdoL pay attention mostly to treructural part
of ORsq.. This is in line with the claims of the authorsroétrics in Myrso, Who see
these metrics astructural metrics. The biggest advantage of OR data modgels i
possibility to create new types and operators [Hswever, existing Oy, metrics
should pay more attention to types and operators.cah say this because Table 1
does not refer to classes of the gRmetamodel that specify language elements like
constructed data types, distinct types, and reg8l@t-invoked functions. Table
CHECK constraints, viewed tables, and user-defifdttions / stored procedures
with no overloading are examples ofandatory SQL features [10] that are not
covered by the existing metrics according to Tahlél'ype constructors, domains,
triggers, and sequence generators are examplgstiohal SQL features [10] that are
not covered by the existing metrics according tbl@d. On the other hand, a metric
in MorsoL takes into account typed tables and structuredstypat areptional SQL
features [10]. As you can see, there is not onenm-correspondence between the
core of SQL and the existing metrics that belonyligsqr.

Next, we calculate the extent ofddkrv based on the ORy metamodel in order to
evaluate Mgrrv. We assume that v covers the following classes (and their
subclasses)Relvar, User-defined scalar typdRelvar attribute Built-in scalar type
Attribute, Read-only operatgorUpdate operatgr Referential constraintDatabase
These 9 classes have 29 subclasses. TheQfRetamodel contains 95 classes [19].

Therefore, the extent of §4rm iS: E(Mortrv)=((9+29)*100)/95=40%. This extent
is bigger compared to the extent oppdqL.

A possible reason could be that §Rviolates theorthogonality principle more
than ORyy [16, 19, 22]. Date and Darwen [16] write that trehogonality principle
means that a deliberate attempt has been magwdinl arbitrary restrictionsin
combinations of different language constructs. &mmple, ORg_ permits foreign
key constraintsonly in base tables but GR, in all relvars (including virtual).
Therefore, Mrtrv Metrics are calculated based on bigger amoudifferenttypes of
database objects compared tgayvh.

It could be argued that some constructs of a da@ehcannot be used or misused
in a way that affects the overall quality of datsdadesign and therefore
corresponding metrics are not needed. However, wisn to develop standards and
systems that specify and allow us to create estitiat are unnecessary and not very
useful? Most of the current database design mettnmisare proposed by researchers
are simple counts that are not very precisely desdr It rather seems that small
E(M) values point to the need to continue developtnoé ORsq. and OR+y metrics.

4 Conclusions

In the paper, we investigated how to use metamaddtsiguages in order to evaluate
and improve specifications of existing software nmest and to design candidate
metrics.

We proposed a metamodel-based derivation methedrafidate metrics and new
candidate metric E(M) that allows us to evaluatmgleteness of sets of metrics. The
metamodel-based derivation method allows us toeredssting metrics by translating
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them so that they are possibly usable in a newesbnfictual usefulness of these new
candidate metrics must be found out based on daesfuation. The evaluation
procedure was not in the scope of the paper. Thpgsed method is not intended to
replace existing methods of metrics development shduld complement them.
Currently it is too early to say whether its usd iecome common practice.

We demonstrated the usefulness of the proposedothéthsed on database design
metrics. The paper considered two object-relatiodata model approaches —
SQL:2003 (ORg) and The Third Manifesto (ORy) as the examples. The analysis
of some existing OR, design metrics revealed problems in the wordinthem. We
demonstrated how to translate some existingsgpRnetrics in order to create
candidate metrics for evaluating @ig database design. In the proposed case study
the languages (data models) are relatively sindlaach other. There would be more
discrepancies between metamodels if the languagemare different. It will allow
us to translate fewer metrics and will reduce pmbfsi of automatic metric
translation.

We also found that the completeness of an existétigpf ORg, metrics is small
(E(M)=28%). These metrics together cover only small pérall possible OBq.
constructs. Closer investigation showed that tinesgics do not pay enough attention
to different kinds of data types and routines dretdfore design of new metrics must
continue.

Future work will include development of more @R database design metrics and
further evaluation of E(M).
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