LNCS 2681

]ohann Eder S -
Mlchele Mlss1koff (Eds)

Advanced Informatlon-
Systems Engineering

15th International Conference, CAiSE 2003
Klagenfurt/Velden, Austrla, June 2003
Proceedings




Series Editors

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

Volume Editors

Johann Eder .

Universitit Klagenfurt, Institut fiir Informatik-Systeme
Universititsstr, §5-67, 9020 Klagenfurt, Austria
E-mail: eder@isys.uni-klu.ac.at

Michele Missikoff

Istituto di Analisi dei Sistemi ed Informatica - CNR
Viale Manzoni, 30, 00185 Roma, Ttaly

E-mail: misskoff @iasi.rm.corit

Cataloging-in-Publication Data applied for
A catalog record for this book is available from the Library of Congress

Bibliographic information published by Die Deutsche Bibliothek
Die Deutsche Bibliothek lists this publication in the Deutsche Nationalbibliografie;
detailed bibliographic data is available in the Internet at <http://dnb.ddb.de>.

CR Subject Classification (1998): H.2, H4-5, H.3,J.1, K4.3-4, K.6,D.2,12.11

ISSN 0302-9743
ISBN 3-540-40442-2 Springer-Verlag Berlin Heidelberg New York

This work is subject to copyright. All rights are reserved, whether the whole or part of the material is
. concemed, specifically the rights of transiation, reprinting, re-use of illustrations, recitation, broadcasting,
reproduction on micofilms or in any other way, and storage in'data banks. Duplication of this publication
or parts thereof i3 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 obtainsd from Springer-Verlag. Violations are
liable for prosecution under the Germean Copyright Law. .

Springer-Verlag Berlin Heidelberg New York
a member of BertelsmannSpringer Science+Business Medie GmbH

hitp://www.springer.de

© Springer-Verlag Berlin Heidelberg 2003
Printed in Germany - -

Typesetting: Camera-ready by author, data conversion by PTP Berlin GmbH
Printed on acid-free paper SPIN 10927595 06/3142 543210

Preface

CAISE 2003 was the 15th in the series of International Conferences on Advanced
Information Systems Engineering. This edition continues the success of the previous
conferences, a success largely due to that fact that, since its first edition, this series has
been able to evolve in parallel to the evolution of the information system methods and
technologies. CAiSE has been able to follow, and often to anticipate, the deep changes
that have occurred since the late 1970s when the first CAISE conference was organ-
ized by Arne Sglvberg and Janis Bubenko.

In all these years, the mission of information systems has been inherently the same,
but it is not too excessive if we say that nothing seems to be the same. This edition of
the conference, the CaiSE 2003, falls into & very special historical contingency. The
incredible expansion of the Internet and the Web has contributed to make our planet
smaller — probably we are actually in the process of building the Global Village, as
prophesized by Marshall McLuhan. From personal digital assistants to global broad-
casting systems over the Internet, information systems, with all jts possible variations
and derivatives, represents one of the key elements of this increasingly connected
society. Researchers have been challenged by all these changes, and the CAiSE con-
ferences represent important occasions for presenting and debating important scien-
tific results. In fact, the CAISE series has been able to build a strong tradition, while
being ... non-traditional, in the sense that CAISE is positioned in the middle of this
tumultucus process, hosting new emerging ideas and fostering innovative solutions,
but always being subject to rigorous scientific selection.

In CaiSE 2003, we decided to select a theme, a sort of “fil rouge,” aimed at giving
& more comprehensive perspective to the scientific event. We also intended to stimu-
late a reflection about our work, after putting so much energy into it. The theme we
suggested is: “Information Systems for a Connected Society.” A connected society is
the goal of the confluence of information systems, telecommunication systems and
their application in business, government, and everyday life. The scenario is complex
from 4 technological point of view. As already stated in the Call for Papers, the perva-
siveness of infrastructures for modern information systems greatly extends the de-
mands on engineering information systems, in terms of scalability, quality, depend-
ability and adaptability. Information Systems for a Connected Society will be mul-
timedial, multimodal, multilingua), and multicultural. Situation and location awareness
will allow users to cope with the complexity of these systems.

The challenge has been accepted, as witnessed by the significant number of sub-
missions, 219, out of which the PC was able to select 45 {op-quality papers. The se-
lection was very hard, due to the very high standard of the submitted papers. Here it is
mandatory to thank all the authors and, on the “other side of the fence,” all the PC
members who did tremendous work (indeed, their workload was heavier than expected
... this is the “cost” of the success of the conference!). Another remarkable aspect was
the high profile of the co-located events, workshops, panels, keynote addresses, demo
and poster sessions, that we collectively grouped into the CAiSE forum: a new space
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" for confronting emerging ideas. We wish to thank collectively all colleagues who
accepted working hard to support all these initiatives.

We wish to devote a special thanks to our young colleagues who dedicated great
amounts of energy to support the local organization, the PC activities, and the organi-
zation of the publishing of this volume.

Finally, we wish to thank our sponsors who helped with their support, and the or-
ganization for offering a nice environment and enjoyable services, while keeping the
fees in a reasonable range. -

A final word, to remind us, is due to the city of Velden that is hosting the confer-
ence, with its magic lake and the atmosphere of Carinthia. Another word is due to the
University of Klagenfurt that promoted and made possible the whole event,
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Abstract. In software engineering it is widely acknowledged that the usage of
metrics at the initial phases of the object oriented software life cycle can help
designers to make better decisions and to predict external quality attributes,
such as maintainability. Following this idea we have catried out three controfled
experiments to ascertain if any correlation exists between the structural
complexity and the size of UML class diagrams and their maintainability. We
used 8 metrics for measuring the structural complexity of class diagrams due to
the usage of UML relationships, and 3 metrics to measure their size. With the
aim of determining which of these metrics are really relevant to be used as class
diagrams maintainability indicators, we present in this work a study based on
Principal Compoenent Analysis. The obtained results show that the metrics
related to associations, aggregations, generalizations and dependencies, are the
most relevant whilst those related to size seem to be redundant

Keywords: Class diagram structural complexity, class diagram maintainability,
metrics, empirical validation, principal component analysis

1 Introduction

One of the principal geals of software engineering is to assure the quality of object
oriented (OO} software from the early phases of the life-cycle, such as conceptnal
modelling, As class diagrams constitute a key artifact in the conceptual modelling
phase, the effort spent on improving their maintainability is likely to pay off many
times over in later phases. :
! We focus on maintainability because it has become one of the software product
: : quality characteristics [25] that softiware development organizations are more
concerned about, since it is the major resource consumer of the whole software life
cycle [28]L. But we are aware that maintainability is an “external quality attribute”
that can only be evaluated once the product is finished or nearly finished. Therefore, it
is necessary to have early indicators of such qualities based, for example, on the

i meohi o N

! Maintainability is not restricted to code, it is an attribute of the different software products
we hope to maintain [18], including also conceptual models.

1. Eder and M. Missikoff (Eds.): CAISE 2003, LNCS 2681, pp. 127-142, 2003.
! © Springer-Verlag Beslin Heidelberg 2003
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complexity ang’

d et al. [6] (g §

o ; | software artif,., |
Structural properties [16,17,30]. In this work we assume a similar represenia:ir:nfiq :
0

omplexity. By cognitive complexity we mean the mental burden of the |

3
i
;
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Table 1. Metrics for UML class diagram structural complexity

Metric definition
Number of Classes (NC). The total number of ¢lasses.
Number of Attributes (NA). The total number of atuibutes.
Number of Methods (NM). The total number of methods
Number of Associations (NAssoc).The total number of
associations
Number of Aggregations (NAgg). The total number of
aggregation relationships within 2 class diagram (each whole-
part pair in an aggregation relationship)
Number of Dependencies (NDep). The total number of
dependency relationships
Number of Generalisations (NGen). The total number of
generalization relationships within a class diagram (each

' Sﬁucm".‘i arent-child pair in a generalization relationship}
complexity Number of Generalization hierarchies (NGenH). The total
melfics nymber of generalization hierarchies in a class diagram

Mazimum DIT' (MaxDIT). It is the maximum DIT value
obtained for each class of the class diagram. The DIT value for
a class within a generalization hierarchy is the longest path
from the class to the root of the hierarchy.

Maximum HAgg (MaxHAgg). Tt is the maximum HAgg
value obtained for each class of the class diagram. The HAgg
value for a class within an aggregation hierarchy is the longest
path from the class to the leaves.

understandability and analizability [25]°, we have cartied out a familiy of three

experiments [20,22,23]. The metric values calculated within the class diagrams used

in these three experiments, is the data used in the PCA,
Summarising, and using the Goal-Question-Metric template (GQM) [1] for goal
definition, the goals of this work are the following:

- First goal: Perform an exploratory study of the UML class diagrams to
characterize them with Tespect to @ set of metrics, from the point of view of the
software designers, in the context of students and professors in the Department
of Computer Science at the University of Castilla-La Mancha, in Spain.

- Second goal: Analize the structural complexity and the size the UML class
diagrams, lo evaluate them with respect to their correlation with class diagram
maintainability, from the point of view of the software designers in the context
of students and professors in the Department of Computer Science at the
University of Castilla-La Mancha, Spain.

? Even though understandability has not been considered as a maintainability sub-
characteristic by the ISO 9126 [25], we include it because there exists 2 lot of work related to
software measurement, that considers understandability to be a factor that influences
maintainability [8,18,24).
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The rest of this paper is organized as follows: Section 2 br i
The df.:smpnon _of the data used in this study is presented i: esigﬁiis%nl;ensdtht; ¢
analysm for obtaining no-redundant metrics for UML class diagrams cox,nes in se d_a
4. Finally, the last section presents some concluding remarks, and idcntifi:eg o
work related to OO metrics applied at early phases of OO software development

2 Principal Component Analysis

If a group of variables in a data set are strongly correlated, these variables i
:)c;’ E:ﬁgr; :h; es:smu:elzlniegiugsg ;liing;zgst(i .E., lclass internal quality attribuatg gfk:}lle
. ec identi i
ortholgo:llal dimensions that explain relations bct]\];:al:s ;iesgaﬁf::?rfy tht:i!:tl;ie:tlymg'
Van?;}l)rllipﬂ% l::x:]g;nir}ts th(:Cs‘s]LzrrZ Ii:;_e;lr coml;itya_tions of the standarized irideper-ldem
. of the coefficients in i inatioq j;
:ﬁu;lmtlcé or_w.:Cs are calculated as follows: The first PC i:at‘l:l}; }i:::: gﬁl?;::tti]:: ;sf .
e damarit: \?hnables thgt explain a maximum amount of variance not explained j
s v;mabfesse::})]n andh subsequel?t PCs are linear combinations of all
PCs. andt ek H,md CI: each new PC is orthogonal_ to all previously calculateq
of all warirss & o mum variance under these condmon‘& Usually, only a subser
o ables have large coefficients ~also called the loading of the variable— apd
erelzfore, contgbutes significantly to the variance of each PC. The variables with hain
loadings help identify the dimensions the PC is capturing, but this usually rlequiriz

, which is 2 measure of the explained variance by the PC, Usually,

only a subset of the PCs is selected for further analysis (interpretation, rotated

Somponents, etc.). A typical stopping rule that we also use in thi i
) y e in this
PCs whose eigenvalue is larger than 1.0 are selected. w15 tat enly

|

| Obschalb'tliin_g replicated studies, it is interesting to see which dimensions are also ‘
| ob: ela;vawe in other systems, and find possible explanations for differences in the ¥
ults. We would expect to see consistent trends across systems for the strong PCs \

i

|

|

1

|

b

which explain a large percentage of the data set variance, and can be readily

interpreted. From such observations, we can also derjve tecommendations regarding

which measures appear to be redundant. and
Vhic , need not be i i
significant amount of design information, colleced, without Tosing a
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pata Description

o data used in this research was obtained through three controlled experiments
¥ ried out by professors and students of the Department of Computer Science at the
K, versity of Castilla-La Mancha, in Spain® [2022.23]. We have followed some
hggestions provided by Wohlin et al. [36], Perry et al. [27], [5] and Kitchepham et al.
§26] on how to perform controlled experiments.
The common characteristics of the three experiments are the following:
The independent variables are the structural complexity and the size of UML
class diagrams, measured via the 11 metrics shown in table 1. The dependent
variables are maintainability sub-characteristics of class diagrams, measured in
each experiment in 2 different way.
We selected a within-subject design experiment, i.e., 2l the tests (experimental
tasks) had to be solved by each of the subjects. The tests were put in a different
order for each subject,
Subjects were given an intensive training session before the experiments took
lace. However, the subjects were not aware of what aspects we intended to
study. Neither were they aware of the actual hypothesis stated.
We wanted to test the hypothesis that exists correlation between the metrics we
presented in table 1 and the class diagram maintainability characteristics, such as
understandability, analyzability and modifiability.
In the next subsections the main characteristics of each experiment are
described.

3.1 First Experiment Description

- The subjects were seven professors and ten students enrolled on the final-year of
Computer Science at the Department of Computer Science at the University of
Castilla-La Maocha in Spain. The professors belong to the Software Engineering
area.

- The material we handed to the subjects consisted of twenty eight UML class
diagrams of the same universe of discourse, related to Bank Information Systems.

- Each diagram had a test enclosed which included the description of three
maintainability  sub-characteristics: understandability, analyzability and
modifiability,

- Each subject had to rate each sub-characteristic using a scale consisting of seven
linguistic labels. For example for understandability we proposed seven linguistic
labels ranging from, extremely difficult to understand, to extremely easy to
understand.

- The subjects were given all the materials and we explained to the to them how to
carry out the tests.

~ We allowed one week for them to do the experiment, i.e., each subject had to
carry out the test alone, and could have unlimited time to solve it.

- We summarised the empirical data in a table consisting of 28 rows and 14
columns. The 28 rows represent each one of the 28 UML class diagrams given

* The experimental material can be found in http://alarcos.inf-cr.uclm.es
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out to the subjects. The first 11 columns represent th 1
variables (metrics), and the final three, thep F e Sabacies o
understandability, analysability and modifiability,

3.2 Second Experiment Description

~  The subjects were ten professors and twenty students enrolied on the final-
gont}ﬁutefa S;:Ience at the Department of Computer Science at the Unjy
astilla- ancha in Spain. All of the profess
Enginceriog a. P ors belong to the
- The dependent variable was measured by
It;hdeltasks reqm.red i!l the experiment. We called this time “maintenance time”
diamtcnance time is comgﬂsed of the time taken to comprehend the Classl
he:;gr?.:l, thtot’ax;alytshf: the required changes and to implement them. Our assurmption
re 15 that, for the same modification task, the faste ! i
modified, the easier it is to maintain. 7 & class ciogram can be
- The material we gave o the subjects consisted i i
. A of nine UM
dlffe:rel?t application domains. " b class diagrams of
- fiach diagram had an enclosed test that included 4 brief description of what the
agram rcpresente-d, and two new requirements for the class diagram. Each
sub_u;-,ct had to modify the qlaSs diagrams according to the new requirements, and
spe.c1fy the start and end time. The difference between the two is what We' call
maintenance time (e:lcpr.essed in minutes and seconds), The modifications to each
class chagram were .snmla.r, including adding attributes, methods, classes, etc.
- The s-ub_]ects were given all the materials described in the previous paragraph. We
;:é;;l;uned to them I:IOW 1o carry out the tests. We allowed one week for them to
€ eXpeTunent, i.e., each subject had to ¢,
unlimted goments e, € i arry out the test alone, and could use
- Once the data was collected, we controlled if the i
. c _ , tests were complete, and if th
i mosilﬁ?atlons had beeg done correctly. We discarded the tests ofpseven subjectse
thcll-n included a required modification that was done incorrectly, Therefore, wc’
%‘){ok Into account the responses of 23 subjects. ,
- e summarised the empirical data in a fable consistin
g of 9 rows and
columns. "I'he 9 rows represent each one of the 9 UML class diagrams given oﬁ
to the subjecis. The first 11 eolumns represent the values of the measures of the
independent variables (the metrics presented in table 1), and the last column
represents the mean of the maintenance time for each diagram,

the time the subjects spent carrying oy

3.3 Third Experiment Description

- The data of this sample are very similar to the seco i
! . : nd experiment’s ones. The
only difference is that ¢ different UML class of diagrams were taken, which
implies that the values of the metrics are also different, ’

4 Aden; §
median of the subjects” ratings :g:

Year of :
ersity of |
SOftWa.re ;
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The modifiability and understandability time (expressed in seconds) were
" considered as measures of the dependent variables.

. The subjects had to answer a questionnaire (5 questions) that reflected whether or
ot they had understood each diagram and they also had to write down how long
" it took to answer the questions. The upderstandability time was obtained from
- that.

'tlt'lhe maintenance time was obtained in the same way as in the second experiment.
The subjects were 30 undergraduate ‘students enrclled on the third-year of
Computer Science, but we also used the empirical data obtained from the
responses of 23 subjects, becanse the other results were incomplete.

Threats to Validity of the Empirical Data

will discuss the various issues that threaten the validity of the empirical studies
how we attempted to alleviate them:

Threats to conclusion valldity, The conclusion validity defines the extent to
which conclusions are statistically valid. The only issue that could affect the
statistical validity of this study is the size of the sample data, We are aware of
this, but it is wel acknowledged that Empirical Software Engineering suffer form
the lack of enough data.

Threats to Construct Validity. The construct validity is the degree to which the
independent and the dependent variables are accurately measured by the
measurement instruments used in the studies. The construct validity of the
measures used for the independent variables is guaranteed by Poels and Dedene’s
framework [21] used for their theoretical validation [28]. The measures we used
for the dependent variable are different in each experiment but in all cases we
used measures that really measure what we purpose to measure: the
subjects tating (first experiment), the maintenace time (second experiment}, the
understandability and modifiability time (third experiment), so we consider these
measures constructively valid,

- Threats to Internal Validity. The internal validity defines the degree of
confidence in a cause-effect relationship between factors of interest and the
observed results, Seeing the results of the experiment we can conclude that
empirical evidence of the existing relationship between the independent and the
dependent variables exists. The analysis performed here is correlational in nature.
‘We have demonstrated that several of the metrics investigated had a statistically
and practically significant relationship with maintainability sub-characteristics.
Such statistical relationship do not demonstrate per se a causal relationship. They
only provide empirical evidence of it. Only controlled experiments, where the
metrics would be varied in a controlled manner and all other factors would be
held constant, could really demonstrate causality. However, such a controlled
experiment would be difficult to run since varying structural complexity in a
system1, while preserving its functionality, is difficult in practice. On the other
hand, it is difficult to imagine what could be alternative explanations for our
results besides a relationship between structural complexity and maintainability
sub-characteristics, We have tackled different aspects that could threaten the
internal validity of the study, such as: differences among subjects, knowledge of
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-0-1
X alysis of the Data of the First Experiment

n

d PCs were obtained (see table 2),
ions reduction (PCA). Three rotate _ 2
t Din;esl:;;::s that the eigenvalue is larger than 1.0. With these PCs 93.76% (;
)e ICJ? the total variability is cxplmm;l. N
ile observing table 2; ) ]
: Du;él; ﬁzzveommi‘;fgmaﬁqng of the structural complexity relative to the
j -’rhe i . -
aggrcgégoria'icks out information of the structural complexity given by the
’I'lle j . 1 . -
gene;’aéli’?arz;}e: to the structural complexity given by the relations of association
The i lasses. .
an dﬂp‘?l'lschﬂieSb?g:nnﬁ,cﬁsM and NC seem not fo be rclcvgn;]i n;l Elsx:e Pt;:bzl\e
The memc(::om-.latli01-1 with the metrics that do appear in the PCA 1;66 & ) (soe Lo
ecauscat:ihink that the information that they contain has already been
ﬂz}gﬁ;:l‘hc metrics that are relevant in the PCA.

dering more rez]

tasks in the second and third experiment,

o Subjects. To solve the difficulty of obtainin
professors and advanced s
aware that more exp
carried out in order
case, the tasks to b

g professional subjects, we ygeq
tudents from software enginecring courses, Wa are |
eriments with practitioners and professionals must b, |
to be able 1o generalise these reslts. However, in this

Table 2. Rotated Components
e performed do not require high levels of in dusteial

J_ PCs
. . . . PC3
éXperience, so, experiments with students could be appropriate [2]. Metrics .1;511 50321 0.126
For the sake of brevity we do not explain in detail the experimental process for N 0:379 0.141 0.349
each expetiment. Further details for each experiment can be found in [20,22,23)]. ﬁ‘i‘gﬂ 0.874 0.382 0.185
NGenfl 0586 0454 2212
4 Data Analysis and Interpretation axDIT g'g; g'gg -
: . Eﬁm 0567 0.675 0.429
First, we used PCAS [5] to reduce the initial space of 11 metric dimensions, in which B = 05600 0.64 0.501
the structural complexity and the size of UMY, class diagrams are represented, which i N 0123 013 0.943
: were the first goal of this study; eliminating redundant information (in this case | ;ﬂlepq ” 0450 0265 0.817
metrics). In this PCA we have worked with rotated components, in order to reduce the i
dimension so that each one of i

Table 3, Total Variation Explained by the PCs

PCs Eigenvalue Percentage Accul:;ulate
Percenta;
PC1 4.11 37.383 37.3th
PC2 3441 31.27¢ 68.66
PC3 2,76 25.101 93.76

latio
4.1.2 Correlation between the structural complex;ty 1::% :tl:fﬁl:yctn 'gx;zc;ggl? ang
£ ts with dependent variables, understan Y, .
. th_t’;_ nel:?]iconllg:n;:en smdjedpeby using the Swa@m cm:-relatmn coefﬁc:::t v&x
gglil }.’:S)‘ 1'I'tﬁ(e three components of each class diagram in the new sp:
previously calculated with the Anderson-Rubi method.

* The 11.0 version of SPSS has been
previous section,

used [35] to analyse the samples of data described in the
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Table 4. Correlation between metrics
NAssoc | NAagg NAggH | NDep | NGen

NC 0. 0.817 0761  0.607 0.893
NA 0.83 0.884 0.8411  0.627 o038
NM 0.77¢  0.851] 0.7 0.59 0.85

NGH; o849 075 0.723 o, 0.753

'I'lllf gbserved results were the following:
- nderstandability is highly correlated with PC2 izatj
. eneraliza
i g:nglOO(L)ﬂnd !ess )mth PCI (aggregations (0.520 r= 0.00(5g) o) (087
d izal 11}ty is highly comelated with PC?2 (generalizations) (0.702 p=0.00
;J/[lodli‘;?s b\;vlith PChl (aggregations) (0.544 p=0.003) l =0
- 1abulity is highly corelated with PC2 (generalizati,
less with 'PCI (aggregations) (0.502 p= 0.006‘3 ) (0747 p=0.000) ang
In conclusion, it seems that :
not correlated with none of the studied de i
pendent variables.
g;oduped bf:cause, after analyzing the class diagrams
deg:f:gelig?;n gas observed that mostly they had very few associations and even les;
depe [-11 s. From that coes the necessity of making a next experiment in whic;
® emphasis is put on 'th_ls type of relations. Definitively, after analyzing the data

:lrltbt?:;;:lnca] ;:::mt of View: That is why they insist op the necessity to deepen on this
o i 1 , oW that th'ere exists the suspicion that the usage of the aggregation might
mplement the design of more extensive and reusable prodects. # ’

4.2 Second Experiment Analysis

42 . .
2.1 Dimensions Reduction (PCA). The solution obtained in the PCaA after the

Totation of the components, with an eigenval
79,151% of the total variability (see tablg:e P’)V 1 lecger than 1 fsee table 6) eplains
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Table 6. Rotated components

PCs
Metrics PC1 PC2

NC 0.796 0.561
NA 0.359 0.562
NM 0.683 0.68
NAssoc -0.0881 0.911
NAgg 0.729] 0.239
NDep 0.728 -0.248
NGen 0.927 0.00895
NaggH 0.632 0.34
NGenH " 0.870) 0.399)
MaxHAge 0.872 0.269
MaxDIT 0.832 0.33

Fable 7. Total Variation Explained by the PCs

PCs |Eigenvalue| Percentage Accumulated
Percentage ’

PCl 5.768 52.440) - 52,449

PC2 293§ 26.711 79.151]

Table 8. Correlation between metyics

NA | NGen | NGenH | MaxHAgg | MaxDIT
NC 07751 0754 | 0.886 0833 0.822
NM 0.500 | 0.651| 0.887 0760 0827
NAggH | 0341 | 0570]  0.710 0634 0,507
NAgz 0338 | 0501| 0.651 0928 0536
[NDEP | 0.148| 0.684| 0438 0.610 0.AD6

In this case the conclusions that can be extracted are the following:
- The PC1 is determined because of the complexity given by the generalization.
- The PC2 otherwise, picks out the complexity of the associations and the number
of attributes.

In this research the metrics that allows elimination because of having redundant
information, are NC, NM, NAgg, NDep and NAggH (see table 6). The information
they contain will be picked out through the metrics with the correlated ones (see table
&) that intervene in the principal components.

422 Correlation between the structural complexity and the PCs. The correlation
of the new PCs has been studied (see table 8) with the dependent variable and the
maintenance time, using the Pearson’s correlation coefficient (see table 9). For that,
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+

the coefﬁcients for the fﬂCl rial e i i
O unctuati i
! . P nations were prev;ously calculated With

new space of two dimensjons.
The correlation betweer maintenance time and the PCs

. shown in th
significant for the PC2 (see table 9) that corresponds to ass < and st

ociations and attributeg

Table 9. Pearson’s correlation coefficient
PC1
0485~ (p=0.185

PC2
0.853 - (p=0.003

Maintenance time

4.3 Analysis of the Third Experiment

4.3.1 Dimensions reduction (PCA). While studying the table of correlations amon

that NM was not correlated with any of the oth
. . . T ’ i
wh‘{ thh; PtEA w;sﬁmade[hwngocut including it, because it constitutz,s a dimensiosn thatl
e e rotatiom, the PCA presented the i -
festriction as in the previous cases s ot e g i the S

; (autovalues that are bigger th
explained 92.075% of the total variability (sec table 11), ger than one), and

Table 10. Rotated components

Table 11. Total Variation Explained by the PCy

PCs| Elgenvalue Percentage | Accunulateq

Percentage

. PC1 5.260) 52.5% 52.59

N 05 5 PC2 3.94 34.48 9207
HAggMax 0,741 0.591
MaxDIT 0.94 0.111]

Table 12, Correlation between metrics

NC [Nassoc| NA | NAgg NDep | NGen ]MDxHAgg MaxDIT

:I(\:/[ 1000 0819 0928 0953 0.86%  0.77 0.909 0.714

T8 0.21 0.509) 0.281] 0.133 0347 0.394 0.314 0.174

o 0C 0.81 10000 0.763 0714 0.863 0.714] 0.828 0.654

. ggMax 0.909‘ 0.828 0748 0383 092 0.85 1.000 0.688]

two components of the class diagrams in lhe
2

Is Only 1
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m the PCs shown in table 10 the following can be concluded: )

¢ PC1 picks out the information related to dependencies and generalizations.
The PC2 picks out the information related to aggregations and attributes.

In this Tesearch, the metrics that allow elimination because of having redundant
ormation are NC, NAssoc and MaxHAgg As seen in table 12, they are very
rrelated among themselves, besides others being part of the selected PCs. In this
o NC is very correlated with metrics that determine the PC2, meanwhile, NAssoc
;,I'axHAgg are very comrelated with metrics of the PC1,

Fro

B )
3.2 Correlation between the structural complexity and the PCs. Correlation of
L 1 PCs (sec table 10) and WM with the dependent variables, t.h.e undcrstar_ndabﬂlty
#d maintenance time have been studied, using Pearson’s comrelation coefficient (see
Tible 13).

gab::(}: tl?lat, the coefficients for factorial punctuations were previously calculated w1r_h
the 'Anderson-Rubi method, which are the two components of the class diagrams in
the new space of two dimensjons.

Table 13, Pearson’s correlation coefficients

PC1 ¥z | WM
Understandability 0.355 0.76 401
3 time (p=0.348 (p=0.01 (p=0.285)
Maintenance time 0.477 0.365 0.146
(p=0.199 (p=0.376 {p=0.709)

Analyzing the obtained results in table 13, it can be observed that:
The understandability time is highly comelated with PC2, which is related with
aggregations and attributes.
The maintenance time is not correlated with the PCs.
Besides, the third dimension that NM represents is not related to any of the two
dependent variables.
Given that in the previous experiment the maintainance time has been evaluated
without making the difference between understandability and maintenance time, it is
considered to be a new dependent variable in this case, Total Maintenance Time, that
measures the maintenance time as the sum of both of them. In this way the results of
both experiments can be better compared (see table 14).

Table 14. Pearson’s comrelation coefficients

PC1 PC2

NM

0.144
(p=0.709

0.669
(p=0.049

Total maintenance
Hme

0.472
{p=0.199)

In table 14 the results can be observed. Only the component PC2, that picks out
the information of the aggregations and the number of attributes, is positively
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cycle. With the |

of the used metrics might not be redundant in these eMpirjc]

stugj;s, we have used PCA ip this work
er performi - ;
the B ‘]:):n t;{{;l;:’ngnfc PeCdA we managed to observe in the three samples of data ]
the 00 dou gwhi(l:ll;r hundant nionnatlon present well known characteristi;: Lha; '
1 ) h have 1o with th i atiog, |
deP"I?lg:dencl"'_s, aggregations and generalizations, - feke of relations, fsoctions,
A X;lihu;ﬁs ;ellta!ted to the size do ot seem to be relevant, like NC and NM,
e A depc}g]d t:n ;isege«;:lznab]e to think that the more classes there are in a diag,rbut
associations ist, in thi it i bat
the;; last ones could influpnce the mainta‘i:t?:bi?i(tljsrt, 17 i esearch it is declred tt
we examine the correlation among '
unlderstanchthty and the PCs ;

14.

15.
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=dge about the utility of metrics [2,11,33]. This can contribute to metrics being
il for 0O software designers to make better decisions in the early phases of OO
e development, which is the most important goal for any measurement

Sposal to pursue if it aims to be useful [19].
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Abstract. This work presents a code generation process that syste;?iztl;
jcally obtains the implementation of the UML association, a.ggrggo ;
1c dyo osition concepts in the context of the OO—Mthod {an a;x{
:m mactelzll};oftware production method). A multidimensional fra.l:newor >
;hich identifies a set of basic properties, allows us_to %ara&te;:?:g a:;o;s
ciation relationships in the OtO uclono.eit;:;i E?:Ezf.they [n;g&ymmjar
framework, we provide a par icular in : g i
i i ition concepts for the OO-Method.

tlonl,l avgegr;egf?:eodn :l::?e:roffr:’l:itica for tl}:eae concepts, we introduce a
::de agc:'merat'.ion strategy that obtains the implemental:i_on of. theﬁe’[‘?};
ey son b s e tutrent OO dovclment smothods i erder

i O CUTTEI
:;rs::nfztf::tiz :ffgl:':.retproduction process in model-driven approaches.

1 Introduction

: a a f
Structural approaches to OO Conceptual Modeling propose two main steps for

the construction of a conceptual si:ht\?ma.:hgl) fi)r::;ni Sﬁls::; ilf:;zeasttﬂb;tegi z::}
operations and (2} identifying rela ionships pecwoen these clos bé I is goner-
ally agreed in OO conceptual moc_lelmfg [3] that re o :—, : /Ep e e o,
three types: classification, generalization and a.ssc:icaa 1;:-3 riﬁ; e Harr
ciation/aggregation is one of the most relevant an usef AT
its semantics differs among the OO concepifua.l modeling 8ppr . The ML
does not solve this problem since the sem‘an.tlcs. that Prc

ii:ggiz?ogl]and aggregation concepts is ambiguous. This is dxscusse;l S;r;lESe] 2;13
is recognized in the RFP {OMGs Request For Proposals) t}? prolli o oL
UML version 2.0 [7]. Due to this ambiguity, several approac est({ d,eﬁn; pr;CiS;
9, [12], {181, [14], [15]) have arisen in the la.aj,t few' years trying t(i sine precise
models for the association/aggregation rela-tlonship. But cu.n;el;) y; > consensus
for defining the semantics of these abstractions does not exist. Du

j t
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