;'_Veda C Storey (Eds)

Lecture Notes in
Computer Science 1920

SR Alberto H. F Laender Stephen W. ledle

. Conceptual o
- Modeling - ER 2000

19th International Conference on Conceptual Modelmg
Salt Lake City, Utah, USA, October 2000
Proceedings

) Springer



Alberto H.F. Laender Stephen W. Liddle
Veda C. Storey (Eds.)

Conceptual
Modeling — ER 2000

19th International Conference on Conceptual Modeling
Salt Lake City, Utah, USA, October 9-12, 2000
Proceedings




Series Editors

Gerhard Goos, Karlsruhe University, Germany
Juris Hartmanis, Cornell University, NY, USA
Jan van Leeuwen, Utrecht University, The Netherlands

Volume Editors

Alberto H.F. Laender

Universidade Federal de Minas Gerais
Departamento de Ciéncia da Computagio
31270-010 Belo Horizonte - MG, Brasil
E-mail: laender@dcc.ufmg.br

Stephen W. Liddle

Brigham Young University

Marriott School, School of Accountancy and Information Systems
585 TNRB, P.O. Box 23087, Provo UT 84602-3087, USA
E-mail: liddle@byu.edu

Veda C. Storey

Georgia State University, College of Business Administration
Department of Computer Information Systems

Atlanta, Georgia 30302-4015, USA

E-mail: vstorey @gsu.edu

Cataloging-in-Publication Data applied for
Die Deutsche Bibliothek - CIP-Einheitsaufnahme

Conceptual modeling : proceedings / ER 2000, 19th International
Conference on Conceptual Modeling, Salt Lake City, Utah, USA, October
9 - 12, 2000. Alberto H. F. Laender ... (ed.). - Berlin ; Heidelberg ;
New York ; Barcelona ; Hong Kong ; London ; Milan ; Paris ; Singapore ;
Tokyo : Springer, 2000

{Lecture notes in computer science ; Vol. 1920)

ISBN 3-540-41072-4

CR Subject Classification (1998): H.2, H4.,F4.1,1.2.4, H.1, J.1

ISSN 0302-9743
ISBN 3-540-41072-4 Springet-Verlag Berlin Heidelberg New York

This work is subject to copyright. All rights are reserved, whether the whole or part of the material is
concerned, specificaily the rights of translation, reprinting, re-use of illustrations, recitation, broadcasting,
reproduction on microfilms or in any other way, and storage in data banks. Duptlication of this publication
or parts thereof is permitted only under the provisions of the German Copyright Law of September 9, 1965,
in its current version, and permission for use must always be obtained from Springer-Verlag. Violations are

liable for prosecution under the German Copyright Law.

Springer-Verlag Berlin Heidelberg New York

a member of BertelsmannSpringer Science+Business Media GmbH
© Springer-Verlag Berlin Heidelberg 2000

Printed in Germany

© T manie s Pamapa eaady b anthap dats annaeian ho PTD Rorlin Stefan $nssna

Preface

This volume provides a comprehensive, state-of-the-art survey of conceptual nio-
deling. It includes invited papers, research papers, and abstracts of industrial
presentations given at ER2000, the 19th International Conference on Conceptual
Modeling, held in Salt Lake City, Utah. Continuing in its long tradition of attrac-
ting the leading researchers and practitioners in advanced information systems .

design and implementation, the conference provided a forum for presenting and ™.~

discussing current research and applications in which the major emphasis was
on conceptual modeling. The conference topics reflected this strong conceptual-
modeling theme while recognizing important, emerging developments resulting
from recent technological advances.

The call for papers for the research track resulted in the submission of 140
papers from researchers around the world. Of these, 37 were selected for inclusion
in the program. The authors of these papers are from 14 countries. These papers
represent a variety of topics including:

— Database integration

— Temporal and active database modeling

— Database and data warehouse design techniques
— Analysis patterns and ontologies

— Web-based information systems

— Business process modeling

— Conceptual modeling and XML

— Engineering and multimedia application modeling
— Object-oriented modeling

— Applying object-oriented technology

— Quality in conceptual modeling

~ Application design using UML

Three internationally recognized scholars in the area of conceptual modeling
also submitted papers and delivered keynote speeches:

— John Mylopoulos: From Entities and Relationships to Social Actors and De- . _

pendencies

— Salvatore T. March: Reflections on Computer Science and Information Sy-
stems Hesearch

- Philip A. Bernstein: Generic Model Management— Why We Need It and How
to Get There

In addition to the research papers and invited papers, the conference in-

cluded two workshops, two pre-conference full-day tutorials, four short tutori-
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was entitled “Conceptual Modeling Approaches for E-Business (eCOM(QO2000),”
and the other was entitled “The World Wide Web and Conceptual Modeling
(WCM2(00).” The pre-conference tutorials allowed participants to learn the
latest information about using conceptual-modeling techniques for software de-
velopment using UML and for Internet site development using co-design. Scott
N. Woodfield taught the UML software development tutorial, while Bernhard
Thalheim and Klaus-Dieter Schewe taught the Internet site development tu-
torial, Short tutorials were taught by Avigdor Gal on utilizing ontologies in
e-commerce, by Uma Srinivasan and John R. Smith on conceptual modeling for
multimedia applications, by I-Yecol Song on logical design for data warchou-
sing, and by Benkt Wangler and Paul Johanneson on application and process
integration. The industrial sessions were largely sponsored in conjunction with
DAMA International and addressed pertinent issues relating to the application
of conceptual modeling to solving real-world problems.

Authors who submitted their work and the program committee (PC) mem-
bers and additional reviewers who carefully reviewed the papers and provided
their professional assessments deserve appreciation and recognition. A number
of the PC members participated in a rather lengthy virtual meeting to finalize
the paper selection and diligently reviewed additional papers on demand, all in
an effort to create the best program possible. The PC chairs, Alberto H.F. Lae-
nder and Veda C. Storey, labored diligently to provide the best possible research
program for ER2000. This volume is a tribute to their efforts. Stephen W. Liddle
deserves special thanks for creating the Web-based conference management soft-
ware that enabled the online submission of papers and reviews, and that made
the virtual PC meeting possible. He also worked closcly with the PC chairs to
manage the review process and assemble the conference proceedings.

Many others deserve appreciation and recognition. The steering committee
and conference chair provided advice and vision. Bernhard Thalheim directed
the search for timely workshops. Selected workshops were chaired by Heinrich
C. Mayr (eCOMO2000) and Stephen W. Liddle (WCM2000} who both worked
tirelessly with their program committees to obtain good papers for their respec-
tive workshops. (A companion volume, LNCS 1921, contains these papers.) Ling
Liu enticed 15 submissions for short tutorials and then had to make hard decisi-
ons to cut this list of submissions to the four accepted for the conference. Terry
Halpin worked diligently as industrial chair, eventually joining forces with Da-
vida Berger, Vice President of Conference Services for DAMA International, to
jointly come up with an outstanding industrial track. [1-Yeol Song continuously
provided publicity for the conference, John F. Roddick worked on panels, Scott
N. Woodfield handled local arrangements, and Stephen W. Liddle kept the Web
pages up to date and artistically presentable. Yiu-Kai (Dennis) Ng (registration},
Douglas M. Campbell (socials), Pan Johnson and Jennifer Shadel (treasurers),
and several Brigham Young University students also helped make the conference
a Success.
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Measuring the Quality of Entity Relationship Diagrams

. ., 2 . . .
Marcela Genero ', Luis Jiménez *, and Mario Piattini
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*Grupo ORETO
University of Castilla-La Mancha
Ronda de Calatrava, 5
13071, Ciudad Real (Spain)
E-mail: {mgenero, ljimenez, mpiattin}@inf-cr.uclm.es

Abstract. Database quality depends greatly on the accuracy of the rcqum:mcm-
specification and the greatest effort should focus on improving the carly stages
of database life cycle. Conceptual data models form the basis of all later design
work and determine what information can be represented by a database. So. 1ts
quality has a significant impact on the quality of the da_labasc which is
ultimately implemented. In this work, we propose a st of mcllncs for mca(slurl‘ng
entity relationship diagram complexity, because in today's d_alabase esign
world it is still the dominant mcthod of conceptual modclhng. The cquy
availability of metrics allows designers lo measure th~c complexity of entity-
relationship diagrams in order (o improve database quality from the c?arly siages
of their life cycle. Also we carried out a controlled experiment 1n Qrflcr' o
analyse the cxisient relationships bclwecn_cach of the proposcd metrics .‘md
each of the maintainability sub-characteristics. ln_ordcr to analyse the OblalTle
empirical data we propose a novel data analysis technique based on fuzzy
regression trees.

1 Introduction

Database quality depends greatly on the accuracy of the requirement spgcihcutmn Tnd
the greatest effort should be focus on improving the early stageslot dalul?;}st:‘ ife
cycle. In a typical database design a conceptual data model which spccmc.\_lh‘c.
requirements about the database 1s first buiit. The conceplual dat:{ model fictermlnuh
what information can be represented by a database {1].- So, its quality havc”n
significant impact on the quality of the database which i§ ultimately :mpl.emcr‘ned i:].
and an even grealer impact if we take into account the size anq comph’txny of cur‘ru.m
databases. Improving the quality of conceptual data models will therefore ‘bc a m.’gnr
step towards the quality improvement of the database devclopmem.' We will f.oc‘u‘:» on
entity-relationship (ER) diagrams because in today’s database design world it is the
dominant method of conceptual modelling [3]. -

In practice, evaluation of the quality of conceptual data modgls tal.ces place in an ac{
hoc manner, if at all. There are no gencrally accepted guidelines for evaluating th
quality of data models, and little agreement even among experts as 1o what makes a
“annd® datn mode] 141
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In general we agree with Krogstie et al. [5] in the sense that “Most literature
provides cnly bread and butter lists of useful properties without giving a systematic
structure for evaluating them”. Moreover these lists are mostly unstructured, use
imprecise definitions, often overlap, and properties of models are often confused with
language method properties [6]. In addition to this, these lists are not generally
sufficient to ensure quality in practice, because different people will have different
interpretations of the same concept. It is necessary to have quantitative and objective
measures to reduce subjectivity and bias in the evaluation process.

Recently, some frameworks have been proposed which attempt to address quality
in conceptual modelling in a much more systematic way [4-7]. The only papers that
propose metrics for conceptual data models are those proposed by Eick [8], Gray et
al. [9], Moody {10] and Kesh [11.

Although all of this metric proposal is a good starting pomt to think about quality
in conceptual modelling in a numeric scale, most of them are open-ended, subjective
and lack empirical and theoretical validation. Thus, there is a need for metrics and
quality models that can be applied in the early stages of database design, and we are
particularly concerned with that applied to ER diagrams, to ensure that that designs
have favorable internal properties that will lead to the development of quality
databases.

Before thinking about how to measure the quality of ER diagrams it is essential to
define a quality model. This quality model must describe each of the characteristics
that compose the concept of “quality”. The ISO 9126 [12] proposed a quality model
that can be applied to any artifact produced at any stages of the software development
life cycle. To our knowledge, not all of the characteristics proposed in that standard
are suitable for ER diagrams. We focus our work on one of the most important quality
characteristics, maintainability. Maintainability is influenced by the following sub-
characteristics:

¢ Understandability: the ease with which the conceptual data model can be
understood.

® Legibility: is the ease with which the conceptual data model can be read, with
respect to certain aesthetic criteria [13].

¢  Simplicity: means that the conceptual data model contains the minimum number
of constructions possible.

® Analysability: the capability of the conceptual data model to be diagnosed for
deficiencies or for parts to be modified.

*  Modifiability: the capability of the conceptual data model to enable a specified
modification to be implemented.

®  Stability: the capability of the conceptual data model to avoid unexpected effects
from modifications.

®  Testability: the capability of the conceptual data model to enable modifications to
be validated.

As most of these maintainability sub-characteristics are in turn influenced by
complexity [14], our objective in this work is to provide a set of metrics for
measuring ER diagram complexity (section 2).

As in other aspects of Software Engineering, proposmg techniques and metrics is
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We have made a theoretical validation of some of the proposed metrics following
Briand framework [£9] in [20] (Briand et al., 1996) and Zuse’s framework [21] in
[22]. But, we can conclude that in software measurement there is not an agreement of
how to make theoretical validation. Most authors have opposing ideas of which is the
best way of making a theoretical validation.

In order to empirically validate the proposed metrics we will show in section 3
how we have performed a controlled experiment. The main objective of this
experiment is to ascertain the existent relationships between each of the proposed
metrics and each of the maintainability sub-characteristics. In order to analyse the
obtained empirical data we propose a novel data analysis technique based on fuzzy
regression trees. The results demonstrate what metrics are more relevant taking into
account each of the sub-characteristic mentioned above. Finally the last section draws
on our conclusions, and presents our future work.

2 Maetrics for ER Diagram Complexity

As complexity is a multidimensional attribute it is not advisable to try to combine
different aspects of this altribute into a single measurement uniess you have a model
or theory to support you [23]. Henderson-Sellers [24] distinguishes three types of
complexity, among which he quoted “product or structural complexity”, which is our
focus when we refer to the concept of complexity.

In this section we will define a set of closed-ended metrics [25] to measure ER
diagram complexity, taking into account its constituent parts, such us entities,
attributes and relationships. These closed-ended metrics are more useful, because they
are bounded (in this case in the interval [0,1]), they can be easily visualiscd by
graphics, and their values are easily interpreted.

2.1 RvsE Metric

This metric measures the relation that exists between the number of relationships and
the number of entities in an ER diagram.
We define this metric as follows: _
R 2 | N is the number of relationships in the ER diagram.
- N NE is the number of entities in the ER diagram.
RvsE = NR + NE Being N + N£ > 0.

When we calculate the number of relationships (N'), we consider the IS_A
relationships and the aggregation relationship. In the case, of IS_A relationships we
consider one relationship for each child-parent pair. In aggregation relationships we
consider one relationship for each part-whole pair. The number of relationships per
entity in the ER diagram influences this metric. Intuitively, the greater the number of
relationships the greater the complexity. RvsE metric is zero when there are no
relatinnshine it takes the value | when there are a lot of relationships and very few
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2.2 EAvsE Metric

This metric measures the relations that exist between the number of entity attributes
and the number of entities in an ER diagram.
We define this metric as follows:

a2 | N7 is the number of entity attributes within the ER
N

EAvsE =| —— diagram.
NEA L NE NF iis the number of entities within the ER diagram.

Being N + N> 0.

When we calculate the number of entity attributes in the ER diagram (N*) we also
consider composite and multivalued attributes (each of them is considered to take the
vaiue 1). The number of attributes per entity in the ER diagram influences this metric.
Intuitively, the greater the number o attributes the greater their complexity.

EAvsE metric is zero when there are no entity attributes, it takes value 1 when
there are a lot of entity attributes and very few entities.

2,3 RAvsR Metric

This metric measures the relations that exist between the number of relationship
attributes and the number of relationships in an ER diagram.
We define this metric as follows:
RA 2 [N is the number of relationship attributes within the
RAVsR = N7 ER diagram.
NFA LR N® is the number of relationships within the ER
diagram.

Being N*f + NR > 0.

When we calculate the number of relationship attributes in the ER diagram (N
we also consider composite and multivalued attributes (each of them is considered to
take the value 1).

In this metric when we calculate the number of relationships (N°), we disregard
IS_A relationships and aggregation relationships.

The number of attributes per relationship in the ER diagram influences this metric.
Intuitively, the greater the number of attributes the greater their complexity.

RAvsR metric is zero when there are no relationship atiributes, it takes value 1
when there are a lot of relationship attributes and very few relationships.

2.4 M:NRel Metric

The M:N Relationships metric measures the number of M:N relationships compared
with the number of relationships in an ER diagram.
We define this metric as follows:
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N MNR N™FR s the number of M:N relationships within the ER
% diagram.

N N* is the number of relationships within the ER diagram.
Being N* > 0.

M :NRel=

In this metric when we calculate the number of relationships (N'), we disregard
IS_A relationships and aggregation relationships.

M:NRel metric scores zero when there are no M:N relationships, it scores I when
there is a high percentage of M:N relationships.

2.5 1:NRel Metric

The 1:N Relationships metric measures the number of 1:N relationships (also include
1:1 relationships) compared with the total number of relationships in an ER diagram.
We define this metric as follows:
N MR N is the number of 1:N relationships in the ER diagram.
N is the number of relationships in the ER diagram.
N |Being N*>0.

J:NRel=

In this metric when we calculate the number of relationships (N*), we disregard
IS_A relationships and aggregation relationships.

1:NRel metric scores zero when there are no 1:N relationships, it scores 1 when
there is a high percentage of 1:N relationships.

2.6 N-aryRel Metric

The N-ary Relationships metric measures the number of N-ary relationships (not
binary) compared with the number of relationships in the ER diagram.
It is convenient for the number of N-ary relationships in an ER diagram to be
minimal, because they contribute to increasing its complexity.
We define this metric thus:
N-aryR | N is the number of N-ary relationships in the ER
N-—ary Rel =———— | diagram.
NF N® is the number of relationships in the ER diagram.
Being N> 0.

In this metric when we calculate the number of relationships (M), we disregard
1S_A relationships and aggregation relationships.

This metric is zero when the ER diagram has no N-ary relationships, it takes the
value | when all of the relationships are N-ary.
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2.7 BinaryRel Metric

The Binary Relationships metric measures the number of Binary relationships
compared with the number of relationships in the ER diagram.
We define this metric thus:

Binaryr | N"“?% is the number of Binary rclatlonsh:ps in the ER
Binary Rel = 7 diagram.
N N is the number of relationships in the ER diagram.
Being N® > 0.

In this metric when we calculate the number of relationships (N'z ), we disregard
IS_A relauonshlps and aggregation relationships.

This metric is zero when the ER diagram has no Binary relationships, it takes the
value when all of the relationships are binary.

3 Empirical Validation of the Proposed Metrics

We are interested in ascertaining if any relationship exists between each of the
proposed metrics and each of the maintainability sub-characteristics:
understandability, legibility, simplicity, analysability, modifiability, stability, and
testability. With that objective, we have carried out and controlled experiment.

In the remaining of this section, we will present: the experimental design, how we
collect the experimental data, the technique used to analyse the empirical data, and the
results of the experiment.

3.1 Experimental Design and Data Collection

Sixteen subjects {database designers) participated in the experiment. The subjects
were given twenty four ER diagrams taken from different books of database design
[26-27]. Each diagram have enclosed a form which includes the description of
maintainability sub-characteristics, such as: understandability, legibility, simplicity,
analysability, modifiability, stability, and testability. Each subject has to rate each
sub-characteristic using a scale consisting of seven linguistic labels. For example for
the sub-characteristic understandability we proposed the following linguistic labels:

Extremely Very A bit Neither A biteasy | Veryeasy | Extremely

difficult to | difficult to | difficultto | difficult to to easy to

understand | understand | understand | nor casy to | understand | undersiand | understand
understand

After collecting the data, we assign to each label a number in the following way:
The greater the expert’s rate the greater the difficulty to understand.
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Extremely Very A bit Neither Abiteasy | Veryeasy | Extremely
difficult to | difficult to | difficultto | difficult o to casy to
understand | understand | understand | nor easy to | understand | understand | understand
understand
7 6 5 4 3 2 1

All of the proposed metrics were automatically calculated using our metric tool
called MANTICA [28].

At this point we have all the experimental data. The next step is to analyse them,
which we will explain in the next subsection.

3.2 Data Analysis Technique and Results

Due to the nature of the software development process and products, one cannot
expect to use in Software Engineering the same measurement data analysis techniques
that are used in “‘exact” sciences, e.g., Physics, Chemistry, nor obtain the same degree
of precision and accuracy {29]. So that, we will analyse the empirical data with a data
analysis technique based on fuzzy regression trees with linguistic variables [30]. This
approach provide models that allow us to discover the most relevant conceptual
relationships between the data we are analysing, where the accuracy of this models is
sacrificed in favour of its simplicity and easiness to understand.

In the next subsection we will describe the theoretical grounds and the
methodology for building the regression fuzzy trees.

Induction Method for Building Fuzzy Regression Trees. This induction method is
a generalisation of the classical regression approach.

Let S={s,, ..., 5"} be a set of data, which are defined by the value given by a set of
variables X={X', ... , X, Y}, s=(x', ... , x", y,). Let's suppose there is a function F
which is only known at the points of § so that F(s )=y,.. The objective of regression,
which is defined classically as a parametric function F', is to minimise the distance
between the sample output values y, and the predicted value F(s).

The regression problem differs from the classitication problem in that the output
variable can be continuous, where as in classification this is strictly categorical. From
this perspective, classification can be thought to be a subcategory of regression,
Recursive partition methods for classification problem such as [D3 decision trec huve
been applied, as a regression method by restrictions, in the CART program {31],
developed in statistical research community.

The program CART (classification and regression tree) is based on the building of

a tree structure where the regions are defined by possible answers to a set of questions
raised about the variables that define the problem. This approach creates a set of
disjoint regions SR={r,, ..., r } of the global domain of problem. These partitions are
obtained according to the kind of questions and answers that we have formulated. Our
method generalize the obtained kind of partitions, using the method proposed by
Linares et al. [32] based on the fuzzy set theory [33]. We use Linares et al.’s idea [32]
in order to built a fuzzy regression tree (FCART).
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Hereafter, we will explain how to obtain the fuzzy regression tree. Let A, be a
fuzzy set defined over the set S of the node T, such as A, :5—[0,1]. In the root node
this fuzzy is A, :S—1. We define as output value at node T by the membership value
of each point s, AT (s) and the output value in this point yi.

3 A 5" %y,
F(T) ="
Y A(s)"
i=1

The error estimated is defined by

N (FT) - y,) % A (s)"
Err(T) = =l

3 4, (5)"
i=1

Now, our problem is how to create the set of questions for the node T. The
questions were formulated for each variable, obtaining a binary fuzzy partition for
every one. We supposed a binary fuzzy partition for the fuzzy set of node T by the
fuzzy set A', of variable j, this is Q’; ={B(x), C(x)}. This partition originates two new
nodes and two new fuzzy sets for them

A (5,) = min(A; (s,), B (x!M
A, (5,) = min(A,(s,),C(x]))
IF variable’ IS AT: THEN .....
ELSE IF variable' IS AT2 THEN ..

Following the CART program, we defined the proportion for B(x) and C(x) in
relation to fuzzy set A’ as
n
PR:ED

Pa)=2
Z Aff (xij )

The quality of the partition can be estimated through the equation

C(T,p’)= Err(T))* P(T)) + Err(T,) * P(T,)

where p'is the fuzzy partition of variable j.
We will select the p° which minimises the value of C(T, p)). This approach to create
tha auactinne nriginatae hisrarchical fuzzv partitton for each variable. The partition
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process stops when a stop criterion is raised. In this case we look for larger estimated
error, So that stop criterion can be

ERROR =max Err(T) < ¢

TeT

Where T is the set of leaf nodes of the tree, and each one represent a region for
our solution. The output value y;” for a input value s, is

3 A ()" *F(T)
F! = TeT
(5} EAT(S)'"

TeT

3.3 Experiment Results

Due to the sake of brevity in this paper we used the induction method shown in the
previous subsection, to show only the existent relationships between our metrics and
the maintainability sub-characteristic, understandability. For the other sub-
characteristics the process is similar.

We establish a fuzzy regression tree for the maintainability sub-characteristic:
understandability. We use a learning set with X={set of our metrics} and Y={the
values of understandability obtained in our experiment}. We have obtained 384
values (24 ER diagrams and 16 subjects) of this unknown function:

F(RvsE; EAvsE; RavsR; M:Nrel; I:Nrel; N-aryRel; BinaryRel) =
Understandability.

The obtained fuzzy sets, which define the fuzzy regression tree (see fig. 1), arc
labelled by a set of linguistic labels. This labelling process allows us (o abstract the
numeric values for building a conceptual linguistic model which is highly qualitative
and more closed to human minds.
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RvsE

BunaryRel

Low Biy

N-aryrel

Fig. 1. Labels of fuzzy sets

We only show in fig. 1 the fuzzy representation of the values of RvsE, BinaryRel,
N-aryRel and M:NRel metrics because after applying the induction method we have
found that the others are not relevant for the understandability.

The obtained fuzzy regression tree is shown in fig. 2 by a nested structure if-then-
else.

TREE

IF RvsE IS BIG THEN UNDERSTANDABILITY IS 6
ELSE IF RvsE IS MEDIUM THEN
IF BinaryRel is LOW THEN UNDERSTANDABILITY 15 3
ELSE IF N-aryRel IS BIG THEN UNDERSTANDABILITY IS 3
ELSE IF M:NRel IS LOW THEN UNDERSTANDABILITY IS
5
ELSE UNDERSTANDABILITY IS 4
ELSE  IF BinaryRel is LOW THEN UNDERSTANDABILITY 1S 2
ELSE IF N-aryRel IS BIG THEN UNDERSTANDABILITY 15 3
ELSE I¥ M:NRel IS LOW THEN UNDERSTANDABILITY
153
ELSE UNDERSTANDABILITY 1S 4.

Fig. 2. A Fuzzy Regression Tree

i
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As we can see, when RvsE is “big” then understandability is 6 (the model is “very
difficult to understand”), when RvsE is “medium” then understandability value ranges
between 3 and 5 (the model is “a bit easy to understand” — the model is a “bit difficult
to understand’), and when RvsE is “low” then understandability value ranges between
2 and 4 (the medel is “a very easy to understand™ — the model is a “neither difficult
nor easy to understand™). This result show that understandability is very close at RvsE
value and that Rbin, Rter and MNRel show more local value for this characteristic.
Good values of understandability are assigned to low value of RvsE and in opposition
bad values are assigned to big values of RvsE.

4 Conclusions

Due to the growing complexity of actual databases, continuous attention to and
assessment of the conceptual data models is necessary to produce quality databases.
Following this idea, we have presented a set of objective and automatically computed
metrics for evaluating ER diagram complexity.

We want to highlight that our proposal cannot be considered as a final proposal.
Instead, it is only a starting point and we require feedback to improve it. However,
due to the lack of objective metrics for measuring conceptual model quality, it serves
the purpose of getting database designers to think about the quality of their conceptual
data models in numeric terms.

We have presented an induction method for building fuzzy regression trees that
allow us to build models for ascertaining the existent relationships between the
proposed metrics and the ER diagram maintainability sub-characteristics. So, for
example, the metric RvsE could be used as an understandability indicator. This
induction method is highly qualitative and very closed to human mind, and above all
very ease to understand. Moreover, the models built through this induction technique
can also be used as a prediction model by using approximate reasoning [34].

Although the results obtained in this experiment are encouraging, we are aware
that it is necessary to undertake more experiments, and also more controlled ones
when different values of all the metrics are considered in different conceptual models.
Also “real” case studies taken from enterprises must be carried out, with the objective
of assessing these metrics as predictors of maintenance efforts, and therefore,
determining whether they can be used as early quality indicators.

We cannot disregard the increasing diffusion of the object-oriented paradigm in
conceptual modelling. We think that object oriented models are more appropriate than
ER diagrams to describe the kind of information systems built nowadays. We have
also been working on metrics for measuring OMT [35] class diagrams [36] and also
UML {37] class diagrams [38].

In our knowledge, few works have been done towards measuring models that
capture the dynamic aspects of an OO software systems [39-40]. As is quoted in [41]
this is an area which need further investigation. So that, as a future work we will
define metrics for UML dynamic diagrams, such as state diagrams or aclivity
diagrams.

Furthermore, we will not only address the sub-characteristics of maintainability,
we also have to focus our research towards measuring other quality factors as
proposed in the ISO 9126[12]. Also we will focus on dynamic aspects of object
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Abstract

Object-oriented design methods express the behavior an object exhibits over
time, i.e., the object life cycle, by notations bascd ou Petri nets or state charts.
The paper considers the specialization of life cycles via inheritance relatiouships
as a combination of extension and refinement, viewed in the context of UML
state machines. Extension corresponds to the addition of states and actions, re-
finement refers to the decomposition of states into substates. We use the notions
of observation consistency and invocation consistency to compare the behavior
of object life cycles and present a set of rules to check for behavior consistency
of UML state machines, based on a one-to-one mapping of a meaningful subsect
of state machines to Object/Behavior Diagrams.

1 Introduction

Object-oriented design methodologies such as OMT [15], OOSA (4], OOAD [2],
OBD [6}, and UML [16] differ from programming languages in that they represent
the behavior of an object type not merely by a set of operations, which may
be performed on instances of the object type, but instead provide a higher-
level, overall picture on how instances of the object type may evolve over their
lifetime, e.g., a hotel or car reservation, which must be requested before it can
be issued and can be used only after being issucd. Such a description is often
referred to as “object life cycle”. In this paper we consider a special variant of
state charts, the state chart diagrams of the Unified Modeling language (UNL),
which has recently emerged as a prominent conumercial object-oriented doesign
notation. The behavior of an UML object class is represented by a state chart,
which consists of states and state transitions. When mapped to OODDB designs,
transitions are mapped to operations and states to pre- and postconditions of
these operations.

Object-oriented systems organize object types in lLierarchies in which sub-
types inherit and specialize the structure and the behavior of supertypes. These
inheritance hierarchies provide a major aid to the designer in structuring the
description of an object-oriented system, and they guide the reader who tries
to understand the system by pointing out similarities between object types that
ara an comnectod  Informally anecialization means for ohiect life eveles that the



