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These proceedings contain the papers of the Second International Conference on Enterprise
Information Systems, which was organised by the School of Computing at Staffordshire
University, UK, and the Escola Superior de Tecnologia of Setibal, Portugal, in cooperation with
the British Computer Society and the International Federation for Information Processing,
Working Group 8.1. The purpose of this 2nd International Conference is to bring together
researchers, engineers and practitioners interested in the advances in, and business applications
of information systems.

The papers, posters and the special keynote lectures demonstrate the vitality and vibrancy of the
field of Enterprise Information Systems. The research papers included here were selected from
among 143 submissions from 32 countries in the following four areas: Enterprise Database
Applications, Artificial Intelligence Applications and Decision Support Systems, Systems
Analysis and Specification, and Internet and Electronic Commerce, Every paper had at least two
reviewers. We would like to thank all the members of the Programme Committee and the
reviewers for their work in reviewing and selecting the papers that appear in this volume. We
would also like to thank all the authots who have submitted their papers to this conference, and
would like to apologise to the authors that we were unable to include and wish them success
next year.

A variety of special keynote lectures complement the technical papers in the four areas: a
common keynote speech about "Making the most of your Knowledge" by Ian Ritchie, two
keynote speeches for each area which are listed on the next page, pre-conference tutorials and
workshops. Special thanks are due to our keynote speakers who have kindly accepted our
invitation and we wish them a safe journey home.

As we all know, producing a conference requires the effort of many individuals. We wish to
thank all members of our organising committee, listed in a prior page, whose help and
commitment were invaluable. Special thanks to Caroline Lees, Geth Udall, Paul Wheeler, and
Jose Cordeiro for their hard work and their patience. The conference acknowledges the
sponsorship of ICEP, EPSRC and Instaffs. Through their generosity the conference was able to
moderate the registration fees. And we wish to thank Staffordshire University for hosting the

conference.

B. Sharp, J. Filipe
ICEIS 2000 Programme co-chairs.
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Abstract:

MEASURES TO GET BETTER QUALITY DATABASES

Marcela Genero, Mario Piattini, Coral Calero, Manuel Serrano
{mgenero, mpiattin, ccalero, mserrano }@inf-cr.uclm.es
Grupo ALARCOS
Depariamento de Informdtica
Escuela Superior de Informatica
Universidad de Castilla-La Mancha

Ronda de Calatrava, 5 - 13071 - Ciudad Real - ESPANA

Tel: + 34926 29 53 00 ext. 3715

Jfax: + 34926 29 53 54

Due to the growing complexity of information systems, continuous attention to and assessment of the
quality of databases, which are the essential core of information systems, it is necessary to produce quality
information systems. In a typical database design a conceptual schema which specifies the requirements of
the database is first built. Even more conceptual schemas determine what information can be represented by
an information system, so their quality can have a significant impact on the quality of the database which is
ultimately implemented. Unfortunately, most of the work regarding conceptual schemas quality merely list
properties, without giving quantitative measures that assess the quality of such models in an objective way.
In this work, we will propose a set of metrics for measuring the complexity of the well known Entity
Relationship schemas, which will allow database designers to measure the complexity of conceptual designs
in order to improve their quality. We will aiso put them under theoretical validation following Zuse’s formal

framework.

Key words:

1. INTRODUCTION

Quality in information systems (IS) is one of
the most pressing challenges facing
organisations today. Many companies are now
realising how critical their IS are to the success
of their businesses.

Due to the growing complexity of IS,
continuous attention to and assessment of the
quality of databases, which are the essential
core of IS, are necessary to produce quality
information systems (Van Vliet, 1993).

In a typical database design a conceptual schema
which specifies the requirements about the
database is developed first. Even more
conceptual schemas determine what information
can be represented by an information system
(Feng, 1999), so their quality can have a
significant impact on the quality of the database
which is ultimately implemented.

Quality, Database design, Complexity metrics, Software metrics.

Information systems developed with an eye
toward reducing complexity will usually be
much easier to maintain after delivery (Drake,
1999).

Recently, some interesting frameworks have been
proposed addressing quality in conceptual
schemas (Moody and Shanks, 1994; Krogstie et
al., 1995; Shanks and Darke, 1997, Moody et al.,
1998).Unfortunately, most of these frameworks
merely list quality factors, without giving
quantitative measures that assess the quality of
such conceptual schemas in an objective way.
Quality factors are not enough on their own to
ensure quality in practice (Moody, 1998). The
objective should be to replace intuitive notions
of quality in conceptual schemas with formal,
quantitative measures. These will reduce
subjectivity and bias in the evaluation process.
Software measurement is maturing and leading
to a more sophisticated understanding of better
ways to produce better products (Pflegger,
1997).
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Software engineers have proposed a plethora of
metrics for software products, processes and
resources {Melton, 1996; Fenton and Pflegger,
1997). Many of the metrics and quality modeis
currently available can be applied only after a
product is complete, or nearly complete. They:
rely rupon information extracted from the
implementation of  the product. This provide
information is too late to help improve internal
product characteristics prior the completion of
the product. Thus, there is a need for metrics
and models that can be applied in the early
stages of development . Particularly in what
applied to conceptual schemas which will
ensure that design have favourable internal
properties that will lead to the development of
quality IS. This measurement approach would
give developers an opportunity to fix problems,
remove non-conforming design attributes, and
climinate unwanted complexity early in the
development cycle. This should then reduce
rework  during implementation  and
maintenance.

One of the few published works about metrics
for conceptual schemas is Moody (1998); some
of them are objectively calculated whereas
others are based on expert ratings.

The quotes above show that is very important to
measure the complexity of conceptual schemas
and understand their contribution to the overall IS
complexity. We must be conscious, however, that
a general complexity measure is "the impossible
holy grail" (Fenton, 1994). Henderson-Sellers
(1996) distinguishes three types of complexity,
among which he quoted “product complexity”.
This is our focus when we refer to the concept of
complexity.

As in other aspects of Software Engincering,
proposing techniques and metrics is not enough.
It is also necessary to put them under formal
and empirical validation, in order to assure their
utility. Validation is critical to the success of
software measurement (Kitchenham, 1995).
Regarding formal validation for every
measurement we have to be aware of its scale
type (Zuse, 1998). Knowledge of scale type
tells us about limitations on the kind of
mathematical manipulations that can be
performed. The scale type of a measure affects

50 ICEIS 2000

the types of operations and statistical analyses
that can be sensibly applied to the data values.
(Fenton and Pflegger, 1997).

In section 2 we will propose a set of metrics for
Entity Relationship (ER) schemas, thus
allowing database designers to measure the
complexity of their designs from the ecarly
stages of information systems life-cycle. Next,
in section 3 we will validate them following the
framework of software measurement proposed
by Zuse (1998) with the goal of determining
some properties of the proposed metrics, as
well determining each scale type. Lastly,
section 5 summarises the paper, draws on our
conclusions, and presents our future research
directions.

2. A METRIC SUITE FOR
CONCEPTUAL SCHEMAS

In this section we propose a set of metrics to
assess the complexity of E/R schemas. These
metrics are based on the complexity theory
which defines the complexity of a system by
the number of components in the system and
the number of relationships among the
components. Because our aim is to simplify the
E/R schema, the objective will be to minimise
the value of these metrics. This minimises the
development and maintenance effort of the
system that will me implemented later.

We classify these metrics the following
categories:

2.1 Metrics with regard to entities

NE metric

We define the Number of Entities metric (NE)
as the number of entities within the E/R
schema.

2.2 Metrics with regard to attributes

NA metric

We-define the Number of Attribute metric (NA)
as the number of attributes that exist within the
E/R schema. In this number we include simple
attributes, composite attributes and also

Sy S e e
puliogti-osairabinalfigh =

e



multivalued attributes, each of one take the
value 1.

DA metric

An E/R schema is minimal when every aspect
of the requirements appears once in the schema,-
i.e. an E/R schema is minimal if it does not
have any redundancies.

One of the sources of redundancies in the E/R
schemas is the existence of derived attributes.
An attribute is derived when its value can be
calculated or deduced from the values of other
attributes.

We define the Derived Attributes metric (DA)
as the number of derived attributes existing in
the E/R schema.

CA metric

We define the Composite Attribute metric (CA)
as the number of composite attributes within an
E/R schema. A composite attribute is an
attribute composed of a set of simple attributes.

MVA metric

The Multivalued Attributes metric (MVA) is
defined as the number of multivalued attributes
within the E/R schema. A multivalued attribute
is an attribute that can take several values for an
individual entity.

2.3 Metrics with regard to relationships

NR metric

We define the Number of Relationships metric
(NA) as the number of relationships that exist
within the E/R schema. In this number we only
include binary relationships.

M-NR metric

The M:N Relationships metric (M:NR) is
defined as the number of M:N relationships
within the E/R schema.

N-AryR metric

The N-ary Relationships metric (N-AryR) is
defined as the number of N-ary relationships
(not binary) within the E/R schema.

NIS_AR metric

We define the Number of IS_A Relationships
metric (NIS_AR) as the number of relationships
IS_A (generalisation or specialisation) that exist
within the E/R schema. In this case, we
consider one relationship for each pair child-
parent within the IS_A relationship.

RR metric

Another source of redundancy in an E/R
schema 1is the existence of redundant
relationships. We define Redundant
Relationship metric (RR) as the number of
relationships that are redundant in the E/R
schema.

3. VALIDATION OF METRICS

Several  frameworks  for measuring
characterisation have been proposed (Briand et
al., 1996; Morasca and Briand, 1997; Weyuker,
1988; Zuse, 1998). In this paper we will follow
the formal framework of Zuse (1998)) in order to
describe the properties of the metrics defined
above.

3.1 Zuse's formal framework

In this paragraph we present a formal
description of the proposed metrics in the.
formal framework of Zuse who defines a set of
properties for measures, which characterise
different measurement structures (see table 1).
This framework is based on an extension of the
classical measurement theory, which gives a
sound basis for software measures, their
validation and criteria for measurement scales.
An empirical relational system is represented as:

A=(A,e>= 0)

Where A is a no empty set of objects, e >=is a
empirical relation in A and o is a binary closed
operation (concatenation) in A.

There exist five scale types defined by admissible
transformations. They are, in hierarchical order:
nominal, ordinal, interval, ratio and absolute.
Each scale type is defined by admissible
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MODIFIED EXTENSIVE INDEPENDENCE MODIFIED RELATION OF BELIEF
STRUCTURE CONDITIONS

Axioml: (A, & >=) (weak order) Cl:Al=A2=Alo0A=A20A{MRBl: VA Be3:Ae>=BorBe>=
Axiom2: Al 0 A2 e >= Al (positivity) | and Al ~A2 = A0Al =A0A2 A (completeness)
Axiom3: Al o (A20A3)=(Al0A2) | C2L: Al =A2 > AloA=A20A| MRB2: VA B,Ce 3:As>=BandBe>=

o A3 (weak associativity) and Al =A2 Ao Al =Ao A2 C = A ¢ >= C (transitivity)

Axiomd: Al 0 A2 = A2 0 Al (weak | C3: Al e>=A2=AloA+>=A2 | MRB3: V A 2 B = A » >= B (dominance
commutativity) 0 A, and Al'e >= A2 = A 0 Al ¢ | axiom)

AxiomS: Al e>=A2 =2 AloAe>=|>=AcA2 MRB4: V(ADB,ANC=¢)=(A+*>=B
A2 o A (weak monotonicity) C4: Al e>=A2 Al oAe>=A2 | = AUC +> B U C) (partial monotonicity)
Axiom6: If A3 & > A4 then for any 0A,and Al e>=A2 A0 Al e >= | MRB5: V A e 3: A »>= 0 (positivity)

Al, A2, then there exists a natural AoA2

number n, such that Alo nA3s>A2 0

nA4 (Archimedean axiom)

complete: A2 if and only if

>=A3
Al e>=A2 or A2 *>= Al

As we know, binary relation ¢ >=is | Where Al = A2 if and only if Al @
called weak order if it is transitive and | >= A2 and A2 ¢ >= Al, and Al >

Al e>=A2 and A2 e >= A3 = Al » | Al » >= A2 and not (A2 » >= Al).

Table 1. Zuse’s formal framework properties

transformations. Software measurement starts
with the ordinal scale (Zuse, 1998). Measures
may be classified in a scale type, depending on
whether they assume an extensive structure or
not. When a measure accomplishes this structure,
it also accomplishes the independence conditions
and can be used on the ratio scale levels.

If a measure does not satisfy the modified
extensive structure, the combination rule (that
describes the properties of the software measure
clearly) will exist or not depending on the
independence conditions. When a measure
assumes the independence conditions but not
the modified extensive structure, the scale type
is the ordinal scale (the characterisation of
measures above the ordinal scale level is very
important because we cannot do very much
with ordinal numbers).

In the next paragraph we present the formal
description of the DA metric. First we define

the concatenation operation and the
combination function, after we test the modified
extensive structure.

3.2 Characterisation of the proposed
metrics

For our purposes, the Empirical Relational
System could be defined as:

E =(E, #>=, 0)

Where E is a non-empty set of ER schemas,
o>= is the empirical relation “more or equal
complex than” on E and o is a closed binary
(concatenation) operation on E. In our case we
will consider the concatenation operation
ERCon. Two ER schemas, El and E2 are
concatenated by the concatenation operation
ERCon, adding a new relationship between
them, as it is shown in figure 1.

ERCon

E1

[ =]

[ ]

E2 E2

E1o0E2

Figure 1. Entity Relationship Concatenation

52 ICEIS 2000

et gy e L

e s

e g e gy

o A P e e v T

e T T

At il s B A




3.2.1 Characterisation of the DA metric

The DA metric is a mapping: DA:E->R, the
following holds for all E/R schemas

Eiand Ej € E: Ei o>= Ej < DA(Ei) >=DA(Ej)
We can define the combination rule for DA in
the following way:

DA(Ei o Ej) = DA(Ei) + DA(E;j), ie., the
number of derived attributes of E10E2, is equal
to the sum of the number of derived attributes
of E1 and E2. We do not show attributes in
figure 1, for the sake of brevity.

We will verify if the DA metric fulfils all of
the axiom of the Modified Extensive Structure.

DA fulfils the first axiom of weak order,
because if we have two E/R schemas El and
E2, it is obvious that DA(E1) >= DA(E2) or
DA(E2) >= DA(E1) (completeness) and let E1,
E2 and E3 three E/R schemas, transitivity is
always fulfilled: DA(El) >= DA(E2) or
DA(E2) >= DA(E3), then DA(E1) >= DA(E3).

DA also fulfils positivity, because the number
of derived attributes of E1 o E2 will be always
greater or equal than the number of derived
attributes of El. In the case that E2 has no
derived this attributes DA(EL o E2) = DA(EI),
and if E2 has derived attributes DA(E1 o E2) >
DA(ED).

DA also fulfils weak associativity, because the
number of derived attributes do not depend on

the order with which we associate the ER
schemas in order to apply the concatenation
operation ERCon.

DA also fulfils weak conmutativity. Taking into
account the definition of ERCon, the order in
which we concatenate the ER schemas does not
affect to the number of derived attributes.

DA also fulfils weak monotonicity, because if
we the number of derived attributes of El is
greater or equal than the number of derived
attributes of E2, and after we do El o E and E2
o E, it will result that DA(E1oE) >=DA{(E20E).

DA also fulfils the Arquimedean axiom. Let El,
E2, E3 and E4 four E/R schemas, and
DA(E3)>D(E4) it is easy to see that there exists
one mumber n such that DA(ElonE3) >
DA(E20nE4), ie. if we concatenate n times El
with E3, as DA(E3)>DA(E4), for some value of
n it will happen that DA(E1 o nE3) > DA(E2 o
nE4).

Seeing that DA metric fulfils all of the axiom of
the Modified Extensive Structure, we can
conclude that this metric is in ratio scale.

3.2.2 Rest of metrics

Table 2 summarises the results obtained after
applying Zuse’s formal framework to the rest of
metrics presented in section 2.

CONCAT COMBINATION RULE MOD EXT SCALE
" OPER STRUCTURE
; 1]2|3]|4|5]6
3 NE ERCon NE(EioEj)=NEENEEH) | Y] Y]Y]Y]Y|[Y | Ratio
b ! NA ERCon NA(EiOEj=NAEI+NAED | Y| Y]Y]Y[Y]Y]| Rato
o DA ERCon DA(EioEjFDAEN+DAED Y I Y Y| Y| Y| Y| Ratio
CA ERCon CA(EicEj=CAEIHCAE) | Y]Y|Y]YIY{Y] Ratio
} MVA ERCon MVA(EicEj)= Y[Y|Y[Y[Y|Y]| Ratio
# MVA(EDN+MVA(E))
; NR ERCon NR(EioE))=NR(Ei)}+ Y{Y[Y]Y]Y]|Y]| Ratio
1 NREEjji+!
i M:NR ERCon M:NR(EioEj)= YIY|Y|Y]|Y]Y]| Ratio
! M:NR(Ei}+M:NR(Ej)
N:AryR ERCon N-AryR(EioEj)=N-ryREi}*+ | Y| Y| Y|[Y|[Y ]| Y| Ratio
N:aryR(Ej)
NIS_AR ERCon NIS_AR(EioEj)= Y[Y[Y[Y[Y]|Y][ Rato
NIS AR(Ei}+NIS AR(Ej)
RR ERCon RR(EioEj)=RR(Ei)+ Y|Y|Y]Y!Y|Y| Rato
RR(Ej)

Table 2. Results for the rest of metrics
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4. CONCLUSIONS

We have presented eleven objective and
automatically computed metrics for evaluating
the complexity of E/R schemas,

We have also put them under formal valldatlon
following Zuse’s formal framework in order to
demonstrate all of the properties that a metric
fulfils and the scale type of each metric. AH of
the proposed metrics are in ratio scale, which as
cited above, have an important significance in
the scope of software measurement.

We should comment that our proposal cannot
be considered as a final proposal. Instead, it is a
starting point and we require feedback in order
to improve it.

We are in agreement with a lot of authors like
Fenton and Pflegeer (1997), Kitchenham
(1995), Schnneidewind (1992) that it is
necessary to put metrics under empirical
validation in order to demonstrate that metrics
really function in practice. Regarding this, we
are carrying out some experimentation not only
with controlled experiments but also with “real”
cases taken from several companies, with the
objective to assess these metrics as predictors of
maintenance efforts, and there fore, determine
whether they can be used as early quality
indicators.

Due the increasing and fast diffusion of the
information systems developed following the
object oriented paradigm, as future work, we
will tailor the proposed metrics, in order to
address the complexity of diagrams using
UML (Booch, 1998). Furthermore, we will not
only address complexity, we will also focus on
our research related to measuring other quality
factors like those proposed in the ISO 9126
(1999).

We are building a metric tool, called
MANTICA, for collecting, analysing and
visualising metric values, with the goal of
obtain threshold values that can help database
designers in the early stages of the information
system life-cycle,
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