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Foreword

The vertiginous development undergone by information technology and the wide
diversity of its applications over the last decade, have led to the construction of
highly complex systems, which support the organizations' operations all their
aspects, even to the extent of conditioning and modifying their own structures and
ways of functioning. These circumstances impose methodological and formal
requirements on the software development process that are comparable to ones
found in any other engineering discipline. For this purpose, methodologies, tools,
architectures and project-management techniques are integrated.

The First Argentine Symposium on Software Engineering (ASSE 2000) is an
attempt to allow researchers and professionals involved in the systems area to put
into practice this need for integration between the muiltiple facets and disciplines
that converge at the software development process. ASSE 2000 results from the
melting of the Argentine Symposium on Object-Orientation and the Argentine
Symposium on Software Technology, which have taken place within the
framework of JAIO.

ASSE 2000 has received valuable contributions by researchers and professionals
from Argentina, Brazil, Ecuador, Australia, Sweden and Spain. The Program
Committee has chosen 14 papers to be presented and published in the Symposium
proceedings. The contributions address main issues relating to Software
Development Process, Software Quality as well as Software and Business Process

Supporting Tools.

ASSE 2000 will also receive the contribution of important researchers from
Argentina and other countries. They will address both, the state of the art as well
as future perspectives of tools, techniques and methodologies in software
engineering disciplines, like software quality, architectures, software process
development, etc. The main contributors are going to be: Alvaro Ortigosa
(ISISTAN, UNCPBA), George Femandez (Royal Melbourn Institute of
Technology, Australia), Jorge Boria (TeraQuest Metric Inc., USA), Mohamed
Fayad (University of Nebraska, USA) and Marcello Visconti Zamora
(Universidad de Santa Maria, Chile).

Finally, we are grateful to all the reviewers that have collaborated in the review
process. Also, we would like to thank Ing. Claudia Marcos who gave us an

invaluable help in the organization of the review process and the edition of ASSE
2000 proceedings.

Alvaro Ortigosa Horacio Leone

Symposium Chair Symposium Chair
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Abstract. It is well known that the quality of information systems
depends greatly on the accuracy of the requirements specification, and
the greatest should focus on improving the early stages of
developments. Conceptual data models lay the foundation for all later
design work and determine what information can be represented by an
information system. So, their quality can have a significant impact on
the quality of the information system which is ultimately implemented.
Improving the quality of conceptual data models will therefore be a
major step towards the quality improvement of information system
development.

Unfortunately, most of the work related to conceptual data models quality
merely lists properties, without giving quantitative measures that assess
the quality of such models in an objective way. In this work, we propose a
set of metrics for measuring the complexity of the well known Entity
Relationship diagrams. The early availability of metrics allows designers
to measure the complexity of conceptual data models in order to improve
the quality of the information systems from the early stages of their life
cycle. We put the proposed metrics under theoretical validation following
Zuse’s framework, which is based on the measurement theory. And we
also put them under empirical validation in order to ascertain if they may
be used as early quality indicators in the information system life cycle.

Keywords: Conceptual Data Models, Entity Relationship Diagrams,
Software Metrics, Quality in Conceptual Modelling, Theoretical
Validation, Emptrical Validation
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1. Introduction

Nowadays, in a global and increasingly competitive market, quality is gaining
importance in all economical and organisational aspects, and especially in
Information Systems. It is well known that the quality of information systems depends
greatly dn the accuracy of the requirements specification, and the greatest effort
should focus on improving the early stages of developments. Conceptual data models
form the basis of requirements specification, lay the foundation for all later design
work and 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
information system which is ultimately implemented (Shanks and Darke, 1997),
which becomes even bigger if we take into account the size and complexity of current
information systems. Improving the quality of conceptual data models will therefore
be a major step towards the quality improvement of information system development.
Unfortunately, most of the work related to conceptual data models quality merely lists
properties, without giving quantitative measures that assess the quality of such
models in an objective way (Moody and Shanks, 1994; Krogstie et al., 1995; Shanks
and Darke, 1997; Moody et al., 1998).

Our objective should be to replace intuitive notions of quality in conceptual data
models with formal, quantitative measures in order to reduce subjectivity and bias in the
evaluation process.

Within the field of software engineering a plethora of metrics has been proposed
for measuring software products, processes and resources (Melton, 1996; Fenton and
Pflegger, 1997; Henderson-Sellers, 1996). The only works that propose metrics for
conceptual data models are Eick (1991) Gray et al. (1991), Moody (1998) and Kesh
(1995).

Although all of these metric proposals are a good starting point to think about
quality in conceptual modelling in a numeric scale, most of them are subjective and
lack empirical and theoretical validation. Thus, there is a need for metrics and quality
models that can be applied at the early stages of information system design,
particularly in what we concern applied to Entity Relationship (ER) diagrams (Chen ,
1976} , to ensure that that designs have favourable internal properties that will lead to
the development of quality information systems.

As in other aspects of Software Engineering, proposing techniques and metrics is
not enough, it is also necessary to put them under theoretical and empirical validation,
in order to assure their utility in practice. Validation is critical to the success of
software measurement (Kitchenham, 1995; Fenton and Pflegeer, 1997; Kitchenham,
1995, Schaoneidewind, 1992; Basili et al, 1999). Empirical validation is also
necessary to give some limits which can be useful for designers. However, as
DeChampeaux (1997) remarks, we must be conscious that “associating the
qualifications good and bad with numeric ranges is the hard part”,

Related to theoretical validation, for every measurement we have to be aware of its
scale type (Zuse, 1998). Knowledge of scale type tell us about limitations on the kind
of mathematical manipulations that can be performed. The scale type of a measure
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affects the types of operations and statistical analyses that can be sensibly applied 10
the data values (Fenton and Pflegger, 1997).

Equally important is the empirical validation, in order to demonstrate that the
proposed metrics really function in practice. In this work we want to validate if there
exist correlation between our metrics and maintenance time.

In section 2 we propose a set of metrics for ER diagrams, thus allowing designers
to measure the complexity of their designs since the early stages of information
systems life cycle. Next, in section 3 we validate them following the framework of
software measurement proposed by Zuse (1998} with the goal of determining some
properties of the propesed metrics, as well as each scale type. We empirically validate
the proposed metrics in section 4, with the goal of determining if correlation exists
between each of the ER complexity metrics and the maintenance time. Lastly, section
5 summarises the paper, draws our conclusions, and presents our future research
directions.

2. A Proposal of Metrics for ER Diagrams

In this section we propose a set of metrics to assess the complexity of ER diagrams.
According to the taxonomy of quality measurements proposed in (Tian, 1999), our
metrics are categorised as product internal measurements. Since the aim is that of
simplifying the ER diagram, the objective will be to minimise the value of these metrics.
It is common understanding that the greatest complexity is strongly correlated with the
development and maintenance efforts and the overall quality of information systems. We
classify these metrics into the following categories:

2.1 Entity Metrics

NE metric. We define the Number of Entities metric (NE) as the number of entities
within the ER diagram.

2.2 Attribute Metrics

NA Metric. We define the Number of Attribute metric (NA) as .the numb_cr of
attributes that exist within the ER diagram. In this number we mcl'ude simple
attributes, composite attributes and also multivalued attributes, each of which take the
vaiue L.
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DA Metric.An ER diagram is minimal when every aspect of the requirements appears
once in the diagram, i.e. an ER diagram is minimal if it does not have any
redundancies. One of the sources of redundancies in the ER diagrams 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 ER diagram.

CA Metric. We define the Composite Attributes metric (CA) as the number of
composite attributes within an ER diagram. 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 ER diagram. A multivalued attribute is an
attribute that can take several values for an individual entity.

2.2 Relationship Metrics

NR Metric. We define the Number of Relationships metric (NA) as the number of
relationships within the ER diagram.

M-NR Metric.The M:N Relationships metric (M:NR) is defined as the number of
M:N relationships within the ER diagram.

N-AryR Metric. The N-ary Relationships metric (N-AryR) is defined as the number
of N-ary relationships (not binary) within the ER diagram.

BinaryR Metric. The Binary Relationships metric (BinaryR) is defined as the
number of binary relationships within the ER diagram.

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 ER diagram. In this case, we consider one relationship for each pair child-parent
within the IS_A relationship.
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RR Metric. Another source of redundancy in an ER diagram is the existence of
redundant relationships. We define the Redundant Relationship metric (RR) as the
number of relationships that are redundant in the ER diagram.

3. Theoretical Validation of Metrics

Several frameworks for measure characterisation have been proposed (Briand et al.,
1996, Morasca and Briand, 1997; Weyuker, 1988; Zuse, 1998). In this paper we will
follow Zuse’s framework (Zuse, 1998) with the goal of determining some properties of
the proposed metrics, as well as each scale type.

3.1 Zuse’s Formal Framework

This framework is based on an extension of the classical measurement theory.
Measurement theory gives clear definitions of terminology, a sound basis of software
measures, criteria for experimentation, conditions for validation of software measures,
foundations of prediction models, empirical properties of software measures, and
criteria for measurement scales.

A discussion of measurement scales (nominal, ordinal, interval, ratio and absolute
scale} is mostly ahead practical applications in software engineering. Mostly people
do not consider measurement scales in practice. In 1946 measurement scales were
introduced by Stevens (1946} in his seminal paper. However, most research in the
software measurement area does not address measurement scales. Much of it argues
that scales are not so important. This forgets that empirical properties of software
measures are hidden behind scales. Units are also closely connected to measurement
scales. The discussion of scale types is important for statistical operations.
Meaningful statistical operations are essential in experimental sciences.

Table 1 shows the admissible transformations, the statistics and the statistic tests
that can be applied to each scale type. Software measurement starts at ordinal scale
(Zuse, 1998), because with nominal measures it is no possibie to do much.

SCALE ADM. TRANSF. STATISTIC STATISTIC TEST
Nominal Any one-to-one Frequency, ~ Nonparametrics order
mode indep.
g: strictly increasing Median, Nonparametrics, coef. de |
Ordinal monotonic function quartiles Karrell, coef. of Spearman
' y Kendall
Interval g(x)=ax+b, a>0 Arithmetic Parametrics and
mean, standard nonparametrics
deviation,
variance
Ratio g(x)=ax, a>0 Mean, coef. of Parametrics and
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variation nonparametrics
Absolute Identity Mean, coef. of Parametrics and
variation nonparametrics

Table 1. Scale types

Because many empirical and numerical conditions are not covered by a certain
scale type, the consideration of the empirical and numerical conditions is necessary
and very important, toc.

People are interested in establishing *“empirical relations” between objects, such as
“higher than” or “equally high or higher than”. These empirical relations will be
indicated by the symbols “e >” and “e >=" respectively. We called Empirical
Relational System a triple: A = (A, ¢ >=, 0), where A is a non-empty set of objects, »
>= is an empirical relation to A and o is a closed binary (concatenation) operaticn on
A. The concatenation operations allow us to define powerful measurement structures
(see table 2) which give us a more precise interpretation of numbers. Concatenation
operations are directly connected with a measure. But sometimes, a measure assumes

a non-intuitive empirical concatenation operation.
Zuse (1998) defines a set of properties for measures, which characterise different
measurement structures, The most important ones are shown in table 2.

MODIFIED EXTENSIVE INDEPENDENCE MODIFIED RELATION
STRUCTURE CONDITIONS OF BELIEF
Axioml: (A, ® >=) (weak [C1: Al = A2 =2 AloA[{MRB1: VA, Be S:Aes=
order) =A20Aand Al=A2(B or B e »>= A
Axiom2: Al 0 A2 e >= Al |=>AocAl=Ao0AZ (completeness)

(positivity) C2Al=A2 AloA|/MRB2: VA B, Ce G: A

Axiom3: Al 0 (A2 0 A3) =
(Al o A2) o A3 (weak
associativity)

Axiomd: Al 0 A2=A20Al
{weak commutativity)
Axiom5: Al e >=A2= Al o
A e >= A) 0 A (weak
monotonicity)

Axiomé: If A3 ¢ > A4 then
for any Al, A2, then there
€xists a natural number n,
such that Alo nA3 e>A20
nA4 (Archimedean axiom)

= A2 0 A and Al = A2
<>A0Al=Ao0A2

Cl Ale>=A2=Alo
Ae>=AZ20A,and Al e
> A2=3A0Alenx=A
0 A2
C4:Ale>=A2Al0
Ae>=A20A,and Al e
>=A2=A0Ale>z A
o A2

>sBandBe>=C= Ae>=
C (transitivity)

MRB3: YVADB=Ae>=
B (dominance axiom)
MRB4: V(ADB,ANC=
Pp=>(Ae>=B = AUC »
> B U Q) (partial
monotonicity)
MRB5: VAee 3:Ae>=0
(positivity)

As we know, binary relation
* >= is called weak order if it
is transitive and complete:

Where Al = A2 if and
only if Al ® >= A2 and
A2 e>= Al and Al = >
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Al #>= A2, and A2 ® >= A3} A2if and only if
— Al e>=A3 Al ¢ >= A2 and not (A2

A1.>=A20rA2o>=Al e>=Al).

Table 2. Zuse’s formal framework properties

It is important to note that when a metric accomplishes the weak order of the
extensive modified structure axiom, it also accomplishes the completeness and the
(ransitivity axioms of the belief structure.

Measures may be classified in a scale type, depending on whether they assume an
extensive structure or not When a measure accomplishes thi§ structure, it also
accomplishes the independence conditions and can be used on the ratio scale lgvel_s.

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. W.hen 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). o

In the next subsection we present the formal description of the DA metric. First we
define the concatenation operation and the combination function, after we prove the.

modified extensive structure.

3.2 Theoretical Validation of the Proposed Metrics

For our purposes, the Empirical Relational System could be defined as:
E =(E, >=, 0) 7
Where E is a non-empty set of ER diagrams, e>= is the empi_rical relati(?n “equal or
more 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 dxzfgrams, El
and E2 are concatenated by the concatenation operation ERCon, adding a new
relationship between them, as it is shown in figure 1.

000
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ERCon

Figure 1. Entity Relationship Concatenation

Theoretical Validation of DA Metric. DA metric is a mapping: DA:E->9R such as the

foilowing holds for all ER diagrams Ei and Ej € E: Ei e>= 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)), ie., the number of derived attributes of E10E2, is
cqual to the sum of the number of derived attributes of El and E2. We do not show
attributes in figure 1, for the sake of brevity.

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

Axiom 1.DA fulfils the first axiom of weak order, because if we have two ER
diagrams EI and E2, it is obvious that DA(E1) >= DA(E2) or DA(E2) >=
DA(EL) (completeness) and let E1, E2 and E3 three ER diagrams,
transitivity is aiways fulfilled: DA(E]) >= DA(E2) or DA(E2) >=
DA(E3), then DA(E1) >= DA(E3).

Axiom 2. DA also fulfils positivity, because the number of derived attributes of El o
E2 will be always greater or equal than the number of derived attributes
of El. In the case that E2 has no derived attributes DA(El o E2) =
DA(EL), and if E2 has derived attributes DA(EI o E2) > DA(E1).

Axiom 3. DA also fulfils weak associativity, because the number of derived attributes
does not depend on the order which we associate the ER diagrams to
apply the concatenation operation ERCon.

Axiom 4. DA also fulfils weak conmutativity. Taking into account the definition of
ERCon, the order in which we concatenate the ER diagrams does not
affect the number of derived attributes.

Axiom 5. DA also fulfils weak monotonicity, because if the number of derived
atributes of El is greater than or equal to the number of derived
attributes of E2, and after we do El o E and E2 o E, DA(EIloE)
>=DA(E20E) will result,
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Aéj_o__nl_@‘_. DA also fulfils the Arquimedean axiom. Let El, E2, E3 and E4 four ER

diagrams, and DA(E3)>D(E4) it is easy to see that one number exits “n”
such that DA(ElonE3) > DA(E20nE4), ie. if we concatenate n times E1
with E3, as DA(E3)>DA(E4), for some value of n it will happen that
DA(El 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. . . ‘
Analogously, it is easy to show that all of the metrics proposcd in section 2,
accomplish the modified extensive structure. So that, all of them are in the ratio scale.

4. Empirical Validation of the Proposed Metrics

Defining metrics is a very hard task, because sometimes we deﬁr}e metrics \\fith the
intention of measuring something but when we put them in practice, we re:ahse that
they do not work as we have expected. So, it is essential to put metrics under
empirical validation. ‘ )

Fn order to validate the metrics proposed in section 2 we have chosen five ER
diagrams taken from real implemented information systems. All of them have been
built using a tool called Data Architect.

First of all, we briefly describe each of them: . ' '

ER 1) WORK_CERTIFICATION: Dedicated to the administration of certificates to
the builder CABBSA. o
ER 2) ACCOUNTING_ANALYSIS: Dedicated to the administration of accounts for
the builder CABBSA. . ' _
ER 3) BILLING_ZONE: Dedicated to the control of billing of a series of jobs for the
builder CABBSA. ' ) .
ER 4) SUPPLIERS: dedicated to the administration of CABBSA supphers..
ER 5) SOFIA: Dedicated to the control of the offers, evaluations, and product
catalogue of one of the units of ERICSSON. _

Table 3 shows the values of the metrics NE, NA, NR, M:NR, I:NR anq ]§1‘nary_R
and the last column shows maintenance time (expressed in hours) in tr}e initial six
months from system delivery. All of the metrics have been collected using a mcmg
tool MANTICA which was developed inside our research group. W? only con_sxdereh
these metrics due to the fact that the rest of the metrics were insignificant, as in eac

case they took a zero value.

Maintenance
:NR | 1:NR | BinaryR time
NE [NA|NR | M (houre
ER1 9! 98 6 0 6 6 :3
ER2 17y 72 18 0 18 18 =
ER 3 131 84 13 0 13 13
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9 0 9 9 12
103 208

| ER 4 9 80
ERS 48| 178] 109 2 101
Table 3. Values of the proposed metrics and the maintenance time

Pearson’s correlation was used to determine the correlation of the nonparametric
data in table 3. The correlation coefficient is a measure of the ability of one variable
to predict the value of another variable. Using Pearson’s correlation coefficient, each
of the metrics was correlated separately to the maintenance time.

We would like to test the hypothesis that there is a significant correlation between
the current metric data set (NE, NA, NR, M:NR, BinaryR) and the maintenance time.

Analysing the Pearson’s correlation coefficients shown in table 4, we can conclude
that 2 high correlation exists between all of the metrics and the maintenance time, as

we intuitively think.

Mainte- Mainte- | Mainte- | Mainte- Mainte- Mainte-
nance nance nance nance nance nance
Time Time Time Time Time Time
With with with with With with

NE NA Metric NR M:NR | 1:NR Metric | BinaryR
Metric Metric | Metric Metric
0.989 0.671 0.997 1 0.996 0.996

Table 4. Correlation between ER complexity metrics and the Maintenace Time

Even though the sample size (five real cases) is not enough in order to use this
conclusion as a final conclusion, we think that it is a good starting point in order to
think about conceptual data models in a numeric terms. We are aware that it is
necessary to replicate this experiment with a bigger sample than that which is used in

this work.

4. Conclusions

Due to the growing complexity of information systems, continuous attention to and
assessment of the conceptual data models are necessary to produce quality information
systems. Following this idea, we have presented a set of objective and automatically
fzomputcd metrics for evaluating the complexity of ER diagrams.

We put them under theoretical validation following Zuse’s formal framework in
order to demonstrate al} of the properties that a metric fulfils and the scale type of
each metric. All of the proposed metrics are in ratio scale, which, as it was cited
above, have an important significance in the scope of software measurement.

We also put them under empirical validation, corroborating that some of
proposed metrics (NE, NA, NR, M:NR, 1:NR, BinaryR) have a high correlation with

the.

the maintenance time. We are aware of th
experimentation in order to validate these metri:s ::céatil:lzn;ier?il:t peprrm more
We \A{aqt to highlight that our proposal cannot be considered e oo
Instead, it is a starting point and we require feedback to improve it
Dup tq the increasing and fast diffusion of the object oriented ‘(OO) di
are tailoring the proposed metrics (when it is possible) or defining new g:;a e
to address the complexity of IS using UML (Booch, 1998). We havs, ln] ord: ;
performed some research regarding OO conceptual modelling (Genero et zl : 1?99}’
Genero et al., 2000a). Furthermore, we will not only address compiexi w 1 ’
have to focus our research towards measuring other quality factors likty, h " ones
proposed in the 1SO 9126 (1999).  fhe ones
We have built a metric tool, called MANTICA, for collectin isualisi
me[r.lc. values. Now we are working on building 2 tool to analg);s:n?ne\:::;g;::;gt
emp1_ncal .data, using a novel data analysis approach based on regression and
classification fuzzy trees (Genero, et al., 2000b). an

as a final proposal.
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