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Preface

This volume comprises the final versions of the technical papers presented at the
< UML>> 2004 conference held in Lisbon (Portugal), October 11-15, 2004.

< UML> 2004 was the seventh conference in a series of annual <UML>
conferences. The series started in 1998 and was located at Mulhouse (France);
the following years saw the conference move to Fort Collins (USA) in 1999,
York (UK) in 2000, Toronto (Canada) in 2001, Dresden (Germany) in 2002, San
Francisco (USA) in 2003, and now Lisbon (Portugal) in 2004. During this time,
the <« UML>> conference became one of the leading conferences in the area of
object-oriented modeling. While in the first years the focus of the conference
was on the scientific investigation of the Unified Modeling Language (UML),
which had just been adopted by the Object Management Group (OMG) at the
time, the focus has changed in recent years to innovations in techniques such as
metamodeling, model transformations, model validation and verification, aspect
orientation, and beyond. Many recent research activities have been especially
stimulated by the Model Driven Architecture (MDA) initiative, started in 2000
by the OMG. The goal of MDA is the definition of a framework to enable the
development of software purely based on models. In order to reflect the changes
of recent years, the conference series < UML>> will be continued, from 2005
onwards, under the name MODELS (MOdel Driven Engineering, Languages and
Systems).

The call for papers for < UML>> 2004 encouraged authors around the world
to submit 157 abstracts and 135 technical papers. Each submission was reviewed
by at least three referees, in most cases by four. Based on the reviews, the whole
program committee discussed in four rounds the submissions’ quality, leading
to the selection of 30 submissions (26 research papers, 4 experience reports)
for publication. In addition, the program committee selected one paper for the
Best Paper Award < UML> 200/4. After a detailed discussion of selected candi-
dates the committee came to the conclusion that the paper by Alexandre Correa,
Cldudia Werner (Brazil), “Applying Refactoring Techniques to UML/OCL Mod-
els”, deserved the award. Congratulations to the authors!

For managing the review process, the free version of Cyberchair
(http://www.cyberchair.org) was used. We are grateful to its author Richard
van de Stadt who also helped with advice. We also want to take the opportunity
to express our greatest gratitude to Arnaud di Clemente whose work on the
technical side was invaluable for managing the review process and preparing the
conference proceedings.

Besides the presentation of technical papers in 10 sessions, the scientific pro-
gram of <K UML>> 2004 included 3 keynote talks, “Generative Software Devel-
opment”, given by Krzysztof Czarnecki (University of Waterloo), “Goals, View-
points, and Components — an MDA Perspective”, given by Desmond D’Souza
(Kinetium), and “Putting Change at the Center of the Software Process”, given
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by Oscar Nierstrasz (University of Bern), 12 workshops, including a doctoral
symposium, 6 tutorials, and a special track with industry papers. In addition
to this proceedings, a postconference book entitled < UML>>> 2004 Satellite Ac-
tivities was published by Springer as LNCS volume 3297. This book includes
the papers of the industry track, summaries of the workshops, tool papers and
poster papers.

We are glad to express our gratitude to all persons and organizations who
were involved in the organization of the conference: to the sponsors and sup-
porters for the financial, organizational, and moral aid, to the reviewers for their
dedication in writing reports and contributing to the discussion, and to the mem-
bers of the local organization committee for their incredible work in coordinating
all activities and making the local arrangements.

July 2004 Thomas Baar
Alfred Strohmeier

Ana Moreira

Stephen J. Mellor



Executive Committee

General Chair
Conference Chair
Program Co-chairs

Industry Track Chair
Tutorial Chair

Workshop Chair

Panel Chair
Poster Chair

Organizing Team
Publicity Chairs

Local Arrangements Chair
Tools Exhibition Chair

Local Sponsors Chair

Web Chair

Program Committee

Organization

Stephen J. Mellor (Mentor Graphics, USA)

Ana Moreira (New University of Lisbon, Portugal)
Thomas Baar (EPFL, Switzerland)

Alfred Strohmeier (EPFL, Switzerland)

Bran Selic (IBM Rational Software, Canada)
Ezra K. Mugisa (University of the West Indies at
Mona, Jamaica)

Ambrosio Toval (University of Murcia, Spain)
Jon Whittle (NASA Ames Research Center, USA)
Nuno Jardim Nunes (University of Madeira,
Portugal)

Joao Araiijo (New University of Lisbon, Portugal)
Geri Georg (Colorado State University, USA)
Isabel Sofia Brito (Politécnico de Beja, Portugal)
Alberto Silva (Technical University of Lisbon,
Portugal)

Fernando Brito e Abreu (New University of Lisbon,
Portugal)

Miguel Goulao (New University of Lisbon,
Portugal)

Mehmet Aksit (The Netherlands) John Daniels (UK)

Omar Aldawud (USA)
Colin Atkinson (Germany)
Doo-Hwan Bae (Korea)
Jean Bézivin (France)
Marko Boger (Germany)
Ruth Breu (Austria)
Jean-Michel Bruel (France)
David Bustard (UK)
Alessandra Cavarra (UK)
Betty Cheng (USA)
Siobhén Clarke (Ireland)

Stéphane Ducasse (Switzerland)
- Gregor Engels (Germany)

Andy Evans (UK)

Robert France (USA)

Sébastien Gérard (France)

Martin Gogolla (Germany)

Jeff Gray (USA)

Constance Heitmeyer (USA)

Brian Henderson-Sellers (Australia)

Heinrich Hussmann (Germany)

Pankaj Jalote (India)



VIII Organization

Stuart Kent (UK)
Jorg Kienzle (Canada)
Haim Kilov (USA)

Philippe Kruchten (Canada)
Tim Lethbridge (Canada)
Richard Mitchell (USA)
Hiroshi Miyazaki (Japan)
Pierre-Alain Muller (France)

Ileana Ober (France)

Gunnar Overgaard (Sweden)

Laurent Rioux (France)
Bernhard Rumpe (Germany)
Peter H. Schmitt (Germany)

Andy Schiirr (Germany)

Bran Selic (Canada)
R.K. Shyamasundar (India)
Keng Siau (USA)

Jos Warmer (The Netherlands)

Alain Wegmann (Switzerland)

Ernesto Pimentel Sanchez (Spain)

Gianna Reggio (Italy)

Additional Reviewers

Aditya Agrawal
Muhammad Alam
Carsten Amelunxen
Gabriela Arévalo
Egidio Astesiano
Richard Atterer
Pavel Balabko
Elisa Baniassad
Alexandre Bergel
Lodewijk Bergmans
Egon Borger
Marius Bozga
Richard Bubel
Fabian Biittner
Robert D. Busser
Maura Cerioli
Alexey Cherchago
Joanna Chimiak-Opoka
Olivier Constant
Steve Cook

James Davis
Gregory Defombelle
Birgit Demuth

Min Deng

Ludovic Depitre
Manuel Diaz
Cormac Driver
Hubert Dubois
Francisco J. Duran
Cristian Ene

Brit Engel
Alexander Forster
Per Fragemann
Markus Galli

Geri Georg

Cesar Gonzalez-Perez
Orla Greevy

Jiang Guo

Michael Hafner
Nabil Hameurlain
Michel Hassenforder
Jan Hendrik Hausmann
Reiko Heckel
Karsten Holscher
Hardi Hungar
Andrew Jackson
Bernhard Josko
Frédéric Jouault
Andreas Kanzlers
Stephen Kelvin
Dae-Kyoo Kim
Alexander Knapp
Alexander Konigs
Matthias Koster
Sascha Konrad
Holger Krahn
Jochen Kiister
Juliana Kiister-Filipe
Ivan Kurtev

Pierre Laforcade

Jon Whittle (USA)

Benoit Langlois
Lam-Son Lé
Alexander Lechner
Yuehua Lin

Arne Lindow
Chang Liu

Sten Loecher
Marc Lohmann
Shiu Lun Tsang
Viviana Mascardi
Girish Maskeri
Dan Matheson
Wei Monin

Stefan Miiller
Andronikos Nedos
Thierry Nodenot
Joost Noppen
Tulian Ober
Jean-Marc Perronne
Andreas Pleuss
Erik Poll
Tadinada V. Prabhakar
Birgit Prammer
Raghu Reddy

Gil Regev
Wolfgang Reisig
Arend Rensink
Robert Rist
Tobias Rotschke
Andreas Roth



Suman Roychoudhury
Enrico Rukzio

Irina Rychkova,
Goiuria Sagardui
Paul Sammut

Tim Schattkowsky
Steffen Schlager
Jean-Marc Seigneur
Magdy Serour
Vibhu Sharma,
Andrew Simpson
Randy Smith
Jonathan Sprinkle

Thomas Sproesser
Dominik Stein
Ryan Stephenson
Philippe Studer
Thorsten Sturm
Bedir Tekinerdogan
Bernard Thirion
Stavros Tripakis
Dinh-Trong Trung
Ambrosio Toval
Antonio Vallecillo
Klaas van den Berg
Pim van den Broek

Organization IX

Jesco von Voss
Barbara Weber
Reinhard Wilhelm
James Willans

Alan Cameron Wills
Mariemma I. Yagiie
Zhenxiao Yang

Jing Zhang

Paul Ziemann
Steffen Zschaler



X Sponsors

Sponsors

S SINFIC
SINFIC ‘l: http://www.sinfic.pt
@ Springer Springer

http://www.springeronline.com

Mentor Graphics
http://www.mentor.com

fesn]

IBM France

http://www.ibm.com/fr
Supporters

ACM Special Interest Group

on Software Engineering
http://www.acm.org

IEEE Computer Society
http://www.ieee.com

New University of Lisbon
http://di.fct.unl.pt

Turismo de Lisboa

http://www.tourismlisbon.com

GRIECT MANAGEMINT GROYUF

Object Management Group,
http://www.omg.org



Lecture Notes in Computer Science

For information about Vols. 1-3162

please contact your bookseller or Springer

Vol. 3274: R. Guerraoui (Ed.), Distributed Computing.
XIII, 465 pages. 2004.

Vol. 3273: T. Baar, A. Strohmeier, A. Moreira, S.J. Mellor
(Eds.), «<UML» 2004 - The Unified Modeling Language.
XIII, 454 pages. 2004.

Vol. 3271: J. Vicente, D. Hutchison (Eds.), Management
of Multimedia Networks and Services. XIII, 335 pages.
2004.

Vol. 3270: M. Jeckle, R. Kowalczyk, P. Braun (Eds.), Grid
Services Engineering and Management. X, 165 pages.
2004.

Vol. 3266: J. Solé-Pareta, M. Smirnov, P.V. Mieghem, J.
Domingo-Pascual, E. Monteiro, P. Reichl, B. Stiller, R.J.
Gibbens (Eds.), Quality of Service in the Emerging Net-
working Panorama. XVI, 390 pages. 2004.

Vol. 3263: M. Weske, P. Liggesmeyer (Eds.), Object-

Oriented and Internet-Based Technologies. XII, 239
pages. 2004.

Vol. 3260: 1. Niemegeers, S.H. de Groot (Eds.), Personal
Wireless Communications. XIV, 478 pages. 2004.

Vol. 3258: M. Wallace (Ed.), Principles and Practice of
Constraint Programming — CP 2004. XVII, 822 pages.
2004.

Vol. 3256: H. Ehrig, G. Engels, F. Parisi-Presicce,
G. Rozenberg (Eds.), Graph Transformations. XII, 451
pages. 2004.

Vol. 3255: A. Bencziir, J. Demetrovics, G. Gottlob (Eds.),
Advances in Databases and Information Systems. X1, 423
pages. 2004.

Vol. 3254: E. Macii, V. Paliouras, O. Koufopavlou (Eds.),
Integrated Circuit and System Design. XVI, 910 pages.
2004.

Vol. 3253: Y. Lakhnech, S. Yovine (Eds.), Formal Tech-
niques, Modelling and Analysis of Timed and Fault-
Tolerant Systems. X, 397 pages. 2004.

Vol. 3250: L.-J. (LJ) Zhang, M. Jeckle (Eds.), Web Ser-
vices. X, 300 pages. 2004.

Vol. 3249: B. Buchberger, J.A. Campbell (Eds.), Artificial
Intelligence and Symbolic Computation. X, 285 pages.
2004. (Subseries LNAI).

Vol. 3246: A. Apostolico, M. Melucci (Eds.), String Pro-
cessing and Information Retrieval. XIV, 332 pages. 2004.
Vol. 3245: E. Suzuki, S. Arikawa (Eds.), Discovery Sci-
ence. XIV, 430 pages. 2004. (Subseries LNAI).

Vol. 3244: S. Ben-David, J. Case, A. Maruoka (Eds.), Al-
gorithmic Learning Theory. XIV, 505 pages. 2004. (Sub-
series LNAI).

Vol. 3242: X. Yao, E. Burke, J.A. Lozano, J. Smith, J.J.
Merelo-Guervés, J.A. Bullinaria, J. Rowe, P. Tifio, A.
Kabé4n, H.-P. Schwefel (Eds.), Parallel Problem Solving
from Nature - PPSN VIII. XX, 1185 pages. 2004.

Vol. 3241: D. Kranzlmiiller, P. Kacsuk, J.J. Dongarra
(Eds.), Recent Advances in Parallel Virtual Machine and
Message Passing Interface. XIII, 452 pages. 2004.

Vol. 3240: 1. Jonassen, J. Kim (Eds.), Algorithms in Bioin-
formatics. IX, 476 pages. 2004. (Subseries LNBI).

Vol. 3239: G. Nicosia, V. Cutello, P.J. Bentley, J. Timmis
(Eds.), Artificial Immune Systems. XII, 444 pages. 2004.

Vol. 3238: S. Biundo, T. Frithwirth, G. Palm (Eds.), KI
2004: Advances in Artificial Intelligence. XI, 467 pages.
2004. (Subseries LNAI).

Vol. 3236: M. Nuiiez, Z. Maamar, FL. Pelayo, K.
Pousttchi, F. Rubio (Eds.), Applying Formal Methods:
Testing, Performance, and M/E-Commerce. XI, 381
pages. 2004.

Vol. 3235: D. de Frutos-Escrig, M. Nunez (Eds.), For-

mal Techniques for Networked and Distributed Systems
- FORTE 2004. X, 377 pages. 2004.

Vol. 3232: R. Heery, L. Lyon (Eds.), Research and Ad-
vanced Technology for Digital Libraries. XV, 528 pages.
2004.

Vol. 3229: 1.J. Alferes, J. Leite (Eds.), Logics in Artificial
Intelligence. XIV, 744 pages. 2004. (Subseries LNAI).
Vol. 3225: K. Zhang, Y. Zheng (Eds.), Information Secu-
rity. XII, 442 pages. 2004.

Vol. 3224: E. Jonsson, A. Valdes, M. Almgren (Eds.), Re-
cent Advances in Intrusion Detection. XII, 315 pages.
2004.

Vol. 3223: K. Slind, A. Bunker, G. Gopalakrishnan (Eds.),
Theorem Proving in Higher Order Logics. VIII, 337 pages.
2004.

Vol. 3222: H. Jin, G.R. Gao, Z. Xu, H. Chen (Eds.), Net-
work and Parallel Computing. XX, 694 pages. 2004.
Vol. 3221: S. Albers, T. Radzik (Eds.), Algorithms — ESA
2004. XVIII, 836 pages. 2004.

Vol. 3220: J.C. Lester, R.M. Vicari, F. Paraguacu (Eds.),
Intelligent Tutoring Systems. XXI, 920 pages. 2004.

Vol. 3219: M. Heisel, P. Liggesmeyer, S. Wittmann (Eds.),
Computer Safety, Reliability, and Security. XI, 339 pages.
2004.

Vol. 3217: C. Barillot, D.R. Haynor, P. Hellier (Eds.), Med-
ical Image Computing and Computer-Assisted Interven-
tion — MICCAI 2004. XXXVIII, 1114 pages. 2004.

Vol. 3216: C. Barillot, D.R. Haynor, P. Hellier (Eds.), Med-

ical Image Computing and Computer-Assisted Interven-
tion — MICCAI 2004. XXX VIII, 930 pages. 2004.



Vol. 3215: M.G.. Negoita, R.J. Howlett, L.C. Jain (Eds.),
Knowledge-Based Intelligent Information and Engineer-
ing Systems. LVII, 906 pages. 2004. (Subseries LNAI).

Vol. 3214: M.G.. Negoita, R.J. Howlett, L.C. Jain (Eds.),
Knowledge-Based Intelligent Information and Engineer-
ing Systems. LVIII, 1302 pages. 2004. (Subseries LNAD).

Vol. 3213: M.G.. Negoita, R.J. Howlett, L.C. Jain (Eds.),
Knowledge-Based Intelligent Information and Engineer-
ing Systems. LVIII, 1280 pages. 2004. (Subseries LNAI).

Vol. 3212: A. Campilho, M. Kamel (Eds.), Image Analysis
and Recognition. XXIX, 862 pages. 2004.

Vol. 3211: A. Campilho, M. Kamel (Eds.), Image Analysis
and Recognition. XXIX, 880 pages. 2004.

Vol. 3210: J. Marcinkowski, A. Tarlecki (Eds.), Computer
Science Logic. X1, 520 pages. 2004.

Vol. 3209: B. Berendt, A. Hotho, D. Mladenic, M. van
Someren, M. Spiliopoulou, G. Stumme (Eds.), Web Min-
ing: From Web to Semantic Web. IX, 201 pages. 2004.
(Subseries LNAI).

Vol. 3208: H.J. Ohlbach, S. Schaffert (Eds.), Principles
and Practice of Semantic Web Reasoning. VII, 165 pages.
2004.

Vol. 3207: L.T. Yang, M. Guo, G.R. Gao, N.K. Jha (Eds.),
Embedded and Ubiquitous Computing. XX, 1116 pages.
2004.

Vol. 3206: P. Sojka, I. Kopecek, K. Pala (Eds.), Text,
Speech and Dialogue. XIII, 667 pages. 2004. (Subseries
LNAI).

Vol. 3205: N. Davies, E. Mynatt, I. Siio (Eds.), UbiComp
2004: Ubiquitous Computing. X VI, 452 pages. 2004.

Vol. 3203: J. Becker, M. Platzner, S. Vernalde (Eds.), Field
Programmable Logic and Application. XXX, 1198 pages.
2004.

Vol. 3202: J.-F. Boulicaut, F. Esposito, F. Giannotti, D.
Pedreschi (Eds.), Knowledge Discovery in Databases:
PKDD 2004. XIX, 560 pages. 2004. (Subseries LNAI).

Vol. 3201: J.-F. Boulicaut, F. Esposito, F. Giannotti, D.
Pedreschi (Eds.), Machine Learning: ECML 2004. X VIII,
580 pages. 2004. (Subseries LNAI).

Vol. 3199: H. Schepers (Ed.), Software and Compilers for
Embedded Systems. X, 259 pages. 2004.

Vol. 3198: G.-J. de Vreede, L.A. Guerrero, G. Marin
Ravent6s (Eds.), Groupware: Design, Implementation and
Use. X1, 378 pages. 2004.

Vol. 3195: C.G. Puntonet, A. Prieto (Eds.), Independent
Component Analysis and Blind Signal Separation. XXIII,
1266 pages. 2004.

Vol. 3194: R. Camacho, R. King, A. Srinivasan (Eds.), In-
ductive Logic Programming. XI, 361 pages. 2004. (Sub-
series LNAI).

Vol. 3193: P. Samarati, P. Ryan, D. Gollmann, R. Molva
(Eds.), Computer Security — ESORICS 2004. X, 457
pages. 2004.

Vol. 3192: C. Bussler, D. Fensel (Eds.), Artificial Intel-

ligence: Methodology, Systems, and Applications. XIII,
522 pages. 2004. (Subseries LNAI).

Vol. 3191: M. Klusch, S. Ossowski, V. Kashyap, R. Un-
land (Eds.), Cooperative Information Agents VIII. XI, 303
pages. 2004. (Subseries LNAI).

Vol. 3190: Y. Luo (Ed.), Cooperative Design, Visualiza-
tion, and Engineering. IX, 248 pages. 2004.

Vol. 3189: P.-C. Yew, J. Xue (Eds.), Advances in Computer
Systems Architecture. X VII, 598 pages. 2004.

Vol. 3188: F.S. de Boer, M.M. Bonsangue, S. Graf, W.-P.
de Roever (Eds.), Formal Methods for Components and
Objects. VIII, 373 pages. 2004.

Vol. 3187: G. Lindemann, J. Denzinger, I.J. Timm, R. Un-
land (Eds.), Multiagent System Technologies. XIII, 341
pages. 2004. (Subseries LNAI).

Vol. 3186: Z. Bellahsene, T. Milo, M. Rys, D. Suciu, R.
Unland (Eds.), Database and XML Technologies. X, 235
pages. 2004.

Vol. 3185: M. Bernardo, F. Corradini (Eds.), Formal Meth-
ods for the Design of Real-Time Systems. VII, 295 pages.
2004.

Vol. 3184: S. Katsikas, J. Lopez, G. Pernul (Eds.), Trust
and Privacy in Digital Business. XI, 299 pages. 2004.

Vol. 3183: R. Traunmiiller (Ed.), Electronic Government.
XIX, 583 pages. 2004.

Vol. 3182: K. Bauknecht, M. Bichler, B. Proll (Eds.), E-
Commerce and Web Technologies. XI, 370 pages. 2004.

Vol. 3181: Y. Kambayashi, M. Mohania, W. W68 (Eds.),
Data Warehousing and Knowledge Discovery. XIV, 412
pages. 2004.

Vol. 3180: F. Galindo, M. Takizawa, R. Traunmiiller
(Eds.), Database and Expert Systems Applications. XXI,
972 pages. 2004.

Vol. 3179: EJ. Perales, B.A. Draper (Eds.), Articulated
Motion and Deformable Objects. XI, 270 pages. 2004.

Vol. 3178: W. Jonker, M. Petkovic (Eds.), Secure Data
Management. VIII, 219 pages. 2004.

Vol. 3177: Z.R. Yang, H. Yin, R. Everson (Eds.), Intelli-
gent Data Engineering and Automated Learning — IDEAL
2004. XVIII, 852 pages. 2004.

Vol. 3176: O. Bousquet, U. von Luxburg, G. Ritsch (Eds.),
Advanced Lectures on Machine Learning. IX, 241 pages.
2004. (Subseries LNAI).

Vol. 3175: C.E. Rasmussen, H.H. Biilthoff, B. Scholkopf,
M.A. Giese (Eds.), Pattern Recognition. X VIII, 581 pages.
2004.

Vol. 3174: F. Yin, J. Wang, C. Guo (Eds.), Advances in
Neural Networks - ISNN 2004. XXXV, 1021 pages. 2004.
Vol. 3173: F. Yin, J. Wang, C. Guo (Eds.), Advances in
Neural Networks —ISNN 2004. XXXV, 1041 pages. 2004.
Vol. 3172: M. Dorigo, M. Birattari, C. Blum, L. M. Gam-
bardella, F. Mondada, T. Stiitzle (Eds.), Ant Colony, Op-
timization and Swarm Intelligence. XII, 434 pages. 2004.
Vol. 3171: A.L.C. Bazzan, S. Labidi (Eds.), Advances in
Artificial Intelligence — SBIA 2004. XVII, 548 pages.
2004. (Subseries LNAI).

Vol. 3170: P. Gardner, N. Yoshida (Eds.), CONCUR 2004
- Concurrency Theory. XIII, 529 pages. 2004.

Vol. 3166: M. Rauterberg (Ed.), Entertainment Computing
— ICEC 2004. XXIIJ, 617 pages. 2004.

Vol. 3163: S. Marinai, A. Dengel (Eds.), Document Anal-
ysis Systems VI. XI, 564 pages. 2004.



Table of Contents

Metamodeling

Empirically Driven Use Case Metamodel Evolution.................... 1
A. Durdn, B. Berndrdez, M. Genero, M. Piattini

Applying OO Metrics to Assess UML Meta-models.................... 12
H. Ma, W. Shao, L. Zhang, Z. Ma, Y. Jiang

An OCL Formulation of UML2 Template Binding . . ................... 27
O. Caron, B. Carré, A. Muller, G. Vanwormhoudt

A Metamodel for Generating Performance Models from UML Designs ... 41
D.B. Petriu, M. Woodside

On the Classification of UML’s Meta Model Extension Mechanism ...... 54
Y. Jiang, W. Shao, L. Zhang, Z. Ma, X. Meng, H. Ma

Modeling Business Processes in Web Applications with ArgoUWE ...... 69
A. Knapp, N. Koch, G. Zhang, H.-M. Hassler

Aspects

Model Composition Directives ... 84

G. Straw, G. Georg, E. Song, S. Ghosh, R. France, J.M. Bieman

Query Models .. ...ttt e 98
D. Stein, S. Hanenberg, R. Unland

Specifying Cross-Cutting Requirement Concerns ...................... 113
G. Georg, R. Reddy, R. France

Profiles and Extensions

A UML Profile to Model Mobile Systems ................coiiiitn 128
V. Grassi, R. Mirandola, A. Sabetta

Experimental Evaluation of the UML Profile for Schedulability,
Performance, and Time .. . ... ..ot 143
A.J. Bennett, A.J. Field, C.M. Woodside

A UML Profile for Executable and Incremental Specification-Level
MoOdeling . ..ottt e 158
R. Pitkdnen, P. Selonen



XII Table of Contents

OCL

Applying Refactoring Techniques to UML/OCL Models................ 173
A. Correa, C. Werner

Detecting OCL Traps in the UML 2.0 Superstructure: An Experience
REPOIL :no:oi0ui@sunisee@sms SEIme SremeimeG8 555 oene e e o oo 188
H. Bauerdick, M. Gogolla, F. Gutsche

From Informal to Formal Specifications in UML ...................... 197
M. Giese, R. Heldal

Building Precise UML Constructs to Model Concurrency Using OCL .... 212
A. Gonzi, Y. Eterovic

An ASM Definition of the Dynamic OCL 2.0 Semantics ................ 226
S. Floke, W. Mueller

Towards a Framework for Mapping Between UML/OCL and
XML/XQUETY . .ottt 241
A. Gaafar, S. Sakr

Model Transformation

Model-Driven Architecture for Automatic-Control: An Experience
Report ... .. 260
P.-A. Muller, D. Bresch, P. Studer

Model-Driven Development for Non-functional Properties: Refinement
Through Model Transformation .................. .. ... ... ......... 275
S. Rottger, S. Zschaler

Generic and Meta-transformations for Model Transformation
Engineering .......... . 290
D. Varré, A. Pataricza

Verification and Model Consistency

Supporting Model Refactorings Through Behaviour Inheritance
ConSIStENCIES . . . oottt ettt 305

R. Van Der Straeten, V. Jonckers, T. Mens

Determining the Structural Events That May Violate an Integrity
Constraint ... ... 320
J. Cabot, E. Teniente

Deductive Verification of UML Models in TLPVS ..................... 335
T. Arons, J. Hooman, H. Kugler, A. Pnueli, M. van der Zwaag



Table of Contents XII1

Security

Integrating a Security Requirement Language with UML ............... 350
H. Abie, D.B. Aredo, T. Kristoffersen, S. Mazaher, T. Raguin

Automated Verification of UMLsec Models for Security Requirements. ... 365
J. Jirjens, P. Shabalin

Extending OCL for Secure Database Development .................... 380
E. Ferndndez-Medina, M. Piattini

Methodology

Test Driven Development of UML Models with SMART Modeling

o o O 395

S. Hayashi, P. YiBing, M. Sato, K. Mori, S. Sejeon, S. Haruna

Behavioral Domain Analysis — The Application-Based Domain
Modeling Approach . .............c..uouiuun 410
1. Reinhartz-Berger, A. Sturm

Using UML-based Feature Models and UML Collaboration Diagrams
to Information Modelling for Web-Based Applications ................. 425
P. Dolog, W. Nejdl

Workshops and Tutorials

Workshops at the UML 2004 Conference . .............ouuuueovooooo .. 440
A. Toval

Tutorials at the UML 2004 Conference. ..............ouuureooooiuii.. 449
E.K. Mugisa

Author Index .............. ... ... . . . . . . . 453



Empirically Driven Use Case Metamodel Evolution*

Amador Duran!, Beatriz Bernardez!, Marcela Genero?, and Mario Piattini2

! University of Seville
{amador,beat}@lsi.us.es
2 University of Castilla—La Mancha
{marcela.genero,mario. piattini}@uclm .es

Abstract. Metamodel evolution is rarely driven by empirical evidences of meta-
model drawbacks. In this paper, the evolution of the use case metamodel used
by the publicly available requirements management tool REM is presented. This
evolution has been driven by the analysis of empirical data obtained during the
assessment of several metrics—based verification heuristics for use cases devel-
oped by some of the authors and previously presented in other international fora.
The empirical analysis has made evident that some common defects found in
use cases developed by software engineering students were caused not only by
their lack of experience but also by the expressive limitations imposed by the un-
derlying use case metamodel used in REM. Once these limitations were clearly
identified, a number of evolutionary changes were proposed to the REM use case
metamodel in order to increase use case quality, i.e. to avoid those situations in
which the metamodel were the cause of defects in use case specifications.

Keywords: metamodel evolution, use cases, empirical software engineering

1 Introduction

Metamodel evolution is usually based on a previous theoretical analysis. The usual evo-
Iution vectors are elimination of internal contradictions, simplification of unnecessary
complexities, or enhancement of expressiveness in order to model unforeseen or new
concepts [1, 2]. In this paper, the evolution of the use case metamodel implemented in
the REM requirements management tool [3] is described. This evolution has been driven
not by a theoretical analysis but by the analysis of empirical data obtained during the
assessment of several metrics-based verification heuristics for use cases developed by
some of the authors (for a description of the verification heuristics and their implemen-
tation in REM using XSLT, see [4]; for their empirical assessment and review, see [5]).
This empirical analysis has revealed that some common defects in use cases developed
by software engineering students had their roots in the underlying REM metamodel,
therefore making its evolution necessary in order to increase requirements quality.

The rest of the paper is organized as follows. In the next section, the initial REM use
case metamodel is described. The metrics—based verification heuristics that originated
the metamodel evolution are briefly described in section 3. In section 4, the results of the

* This work is partially funded by the following projects: AgilWeb (TIC 2003-02737), Tamansi
(PCB-02-001) and MESSENGER (PCC-03-003-1).

T. Baar et al. (Eds.): UML 2004, LNCS 3273, pp. 1-11, 2004.
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empirical analysis in which the problems in the metamodel were detected are presented.
The proposed changes to the metamodel and their analysis are described in section 5.
In section 6, some related work is commented and, finally, some conclusions and future
work are presented in section 7.

2 Initial Use Case Metamodel

The initial use case metamodel, i.e. the REM metamodel [4], is shown in Fig. 1. This
metamodel was designed after a thorough analysis of several proposals for natural lan-
guage use case templates like [6, 7, 8, 9]. One of the goals in mind when this initial
metamodel was developed was to keep use case structure as simple as possible, but
including most usual elements proposed by other authors like conditional steps or ex-
ceptions.

Apart from inherited requirements attributes, a use case in REM is basically com-
posed of a triggering event, a precondition, a postcondition, and a ordinary sequence
of steps describing interactions leading to a successful end. Steps are composed of one
action and may have a condition (see Fig. 1). Three classes of actions are considered:
system actions performed by the system, actor actions performed by one actor, and use
case actions in which another use case is performed, i.e. UML inclusions or extensions,
depending on whether the step is conditional or not [10]. Steps may also have attached
exceptions, which are composed of an exception condition (modeled by the description
attribute), an action (of the same class than step actions) describing the exception treat-
ment, and a termination attribute indicating whether the use case is resumed or canceled
after the performance of the indicated action.

Another metamodel goal was to make XML encoding simple so the application of
XSLT stylesheets were as efficient as possible. In REM, XML data corresponding to
requirements is transformed into HTML by applying a configurable XSLT stylesheet,
thus providing a WYSIWYG environment for requirements management (see Fig. 2).
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Trace name .
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1.1

comments

target C-Requi
{complete, disjoint) é importance
& urgency
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stability UseCase >
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Fig. 1. Initial REM use case metamodel



