World Multiconference on

Systemics, Cybernetics
aruj lnﬁ:mrmatnz

July 23-26, 2000

IR )
UI Iﬂl qu, l IUI lua, UM

PROCEEDINGS

Mat_]az Iunc :

Agostmo Bruzzone
Daniel Klovshy
Masahiro Fujita

Member of the I’nte-r-nat'iona]_‘
Federation of Systems Research"

IFSR

Co-organized by IEEE Computer Society
(Chapter: Venezuela)

L -

e




Copyright and Reprint Permission: Abstracting is permitted with
credit to the source. Libraries are permitted to photocopy for private
use. Instructors are permitted to photocopy for private use isolated
articles for non-commercial classroom use without fee. For other copy,
reprint, or republication permission, write to IIIS Copyright Manager,
14269 Lord Barclay Dr., Orlando, FL 32837, USA.

All rights reserved. Copyright 2000 © by the International Institute of

iniormatics and Oysicuiics.

ISDIN 560-07-0654-4




PROGRAM COMMITTEE

Chairman: Prof. William Lesso (USA)

Invited Sessions Organizers

Adamchik, Victor (USA)
Agrawal, Dharma (USA)
Allanson, Jen (UK)

Andina de la Fuente, Diego (Spain)

Amdt, Timothy (USA)

Aveledo, Mananella (Venezuela)

Aziz , Soulhi (France)

Barros Justo, José Luis. (Spain)

Begovic, Miroslav (USA)
Bellahsene, Zohra (France)
Bemley, Jesse (USA)
Benedicenti, Luigi (Canada)
Bordetsky, Alex (USA)
Branco, Paulo Costa (Portugal)
Bruzzone, Agostino (Italy)
Cockburn, Alistair. (USA)
Crozat, Stephane (France)
Cutirbert, Lausic (UK}
Chen, Colin (USA)

Cheng, Edward (USA)
Cherif, Adel (Japan)

David, Amos (France)
Dillon, Tharam (Australia)
Doepp, Manfred (Austria)
Dudeck, Joachim W. (Japan)
Eiji, Nakano (Japan)
Erkmen, Ismet (Turkey)
Erkollar, Alptekin (Austria)
Feng, Ling (Netherlands)
Fijani, Amir (USA)

Fern, Francesc J. (Spain)
Freeman, Walter J. (USA)
Fujita, Masahiro (Japan)
Funabiki, Nobuo (Japan)
Genero, Marcela (Spain)
Gershman, Alex B.(Canada)
Gutierrez, Rafael S.(USA)
Hammell II, Robert J. (USA)
Holmes, Donald (USA)

Hu, Jiankun (Australia)
Huber, Reinhold (Germany)
Iglesias F., Carlos A. (Spain)
Isern, Geminal (Venezuela)
Izquierdo, Ebroul (UK)
Juric, Matjaz B. (Slovenia)
Kazemian, Hassan B. (UK)
Kharatishvili, Guram (Georgia)
Khenchaf, Ali (France)
Kiguchi, Kazuo (Japan)

Klovsky, Daniel (Russia)
Kozma, Robert (USA)

Kraiem, Naoufel (Tunisia)
Kudo, Mineichi (Japan)
Kurihara, Yukio (Japan)
Labidi, Sofiane (Brazil)

Lam, Kai Pui (Hong Kong) -
Laroussi, Bouguila (Japan)
Lee, Dong-Ik (Korea)

Lee, Jong Kun (Korea)
Lombardo, Pierfrancesco (Ttaly)
Loutfi, Mohamed (UK)
Martinez Ramon, Manuel (France)
Mayr, Heinrich C. (Austnia)
Millan, Thierrv (France)
Moreira, Joao (Austria)

Murai, Tetsuya (Japan)

Nada Nader (TJSA)

Nishida, Shogo (Japan)
Novosel, Damir (USA)

Norcio, Anthony (USA)

Patel, Ahmed (Ireland)

Perez Diaz, Arturo (Spain)
Norcio, Anthony (USA)

Pham, Tuan (Australia)
Piattini, Mario (Spain)
Racherla, Gopal (USA)
Rashid, Awais (UK)

Richard, Paul (France)

Roan, Jinshyang (Taiwan)
Rogozan, Alexandrina (France)
Sancho, José Luis (Spain)
Sankar, Ravi (USA)

Shi, Yuhui (USA)

Simen, Francis Yakam (France)
Soriano, Miquel (Spain)
Suarez, Alvaro (Spain)

Succi, Giancarlo (Canada)
Suehiro, Naoki (Japan)

Tadj, Chakib (Canada)

Tiako, Pierre F. (France)
Tharam Dillon (Australia)
Will, Hart (Canada)
Wolfmann, Jacques (France)
Wong, Kainam Thomas (Hong Kong)
Yu, Kai-Bor (USA)

Yuan, Dongfeng (China)
Zurera, Manuel Rosa (Spain)




Other PC Members

Abi-Raad, M ( Australia )
Abolfazlian, K. ( Denmark )
Aguilar, José ( Venezuela )
Al-Qaimari, G. ( Australia )
Albanese, A. (USA )
Albarran, Mario ( USA )
Alegra, Mario ( Italy )
Andonian, Greg ( Canada )
Artemis, G-H. ( Greece )
Atkinson-A., J. ( Chile )
Aveledo, M. ( Venezuela )
Aydin, Emin D. ( Turkey )
Barkaoui, K. ( France )
Barroso, C. ( Brazil )
Behar, P.A. (Brazil)
Belkhatir, N. ( France )
Benzekri, A. ( France )
Boquete, L. ( Spain )
Botelho, Luis ( Portugal )
Bouras, Abdelaziz ( France )
Carvalho, J ( Portugal )
Cemuzzi, L ( Paraguay )
Cherif, Adel ( Japan )
Chiang, C. (USA)
Cohen, Eli (USA)
Coutinho, M. ( USA )
Crawfis, R. (USA )
Cubero, J. ( Spain )
AsCavileaideat, ihay Woms
Di Martino, B. ( Italy )
Diaz, G. ( France )
Drakunov, S. V. (USA )
Druzdzel, M. (USA )
Dubois, D. ( Belgium )
Dumdum, UR. ( USA )
Elomaa, T. ( Finland )
Erosa, M ( Mexico )
Fernandez, Jorge ( USA )
Freilicot, C. ( France )
Frias, M. F. ( Brazil )
Fulantelli, G. ( Italy )
Galal, A. ( Egypt )

Ge, S. ( Singapore )

Gian, P. ( Italy )

Girardi, R. ( Uruguay )
Glanville, R. ( England )
Goldman, C. ( Israel )
Gonzélez, C. ( Venezuela )
Gordillo, F. ( Spain )
Gordon, T. ( Germany )
Gori, M. ( Italy )

Granja A., J. C. ( Spain )
Grigoris, A. ( Australia )
Guvenir, A. H. ( Turkey )
Hamid, A. ( USA )
Herrera, F. ( Spain )
Heudin, J.C. ( France )
Hiong N. Anne Hee ( USA )
Ho,J. (USA)

Horiuchi, Y. ( Japan )
Horvath, L. ( Hungary )
Hurley, P. (USA)

Husein, T. (UK )

Hwang, Y. ( Taiwan )
Tbnkahla, M. ( France )
Jacomet, M. ( Switzerlan )
Jarzabek, S. ( Singapore )
Kabanza, F. ( Canada )
Kasabov, N. ( New Zealand )
Kohout, L. ( USA )

Kribbe, W. ( Holland )
Kroell, C. ( Germany )
Kundu, S. (USA )

Kutti, S. ( Australia )

Lara, F. ( Mexico )
Laurent, H. ( France )

Lee, I ( Korea )

Lee, S. -Y. ( Korea )

Lee, Te-Won ( USA )
Lee-Kwang, Hyung ( Korea )
Lefevre, T ( Thailand )
Leonardis, A. ( Slovenia )
Li,J. (USA)
Likothanassis, S. ( Greece )
Losavio, F. ( Venezuela )
Luzeaux, D. ( France )
Maciaszek, L. ( Australia )
IYL-AL.UL'.LJJI., :f., ‘_ France J
Martens, R. ( Belgium )
MartinVide, C. ( Spain )
Masatake, S. ( Japan )
Mathur, A. (USA)
Matsuura, T. ( Japan )
Mazure, B. ( France )
Megalooikonomou,V. (USA)
Minai, A. (USA)
Mordeson, J. (USA )
Mosterman, P. ( Germany )
Nada, N. ( USA)

Naranjo, M. ( France )
Ng,P. (USA)

Nvyongesa, H. ( United Kingdom )
Ogier, J.c ( France )
Okada, Minoru ( Japan )
Pandzio, I. ( China )

Parul, S. ( India )

Pascal, L. ( France )
Pessoa, L. ( Brazil )

Phua, Ka. ( Singapore )
Ponomarev, D. ( Russia )
Pons, A. ( Canada )

Prueitt, P. ( USA )
Quaresma, Paulo ( Portugal )
Rahanu, Harjinder ( UK )
Ralf, S. ( Switzerland )
Raman, A. ( USA)
Ramaswamy, S. (USA )
Randrup, A. ( Denmark )

Resteanu, C. ( Romania )
Roko, K. (USA)

Ron, S. (USA)

Rytter, W. ( Poland )
Saksonov, E. ( Russia )
Sala, D. (USA)
Sanderson, M. (USA )
Sanderson, M. ( USA )
Savolainen, V. (Finland )
Schartz, David. (Israel)
Selcuk, C. (USA )
Shankle, W. ( USA )
Shen, W. ( Canada )
Shih, T. ( Taiwan )

Siv, F. ( Sweden )

Smith, M. ( Canada )
Sobh, T. (USA )
Spenceley, S. ( Australia )
Sum, J. ( Kong Kong )
Suttner, C. ( Germany )
Takahashi, S. ( Colombia )
Takeda, F. ( Japan )
Takizawa, M. ( Japan )
Talia, D. ( Italy )

Tastle, W. ( USA)
Tezak, O. ( Slovelua )
Thawonmas, R. ( Japan )
Tianruo, Y. ( Sweden )
Tjhie, D. ( Canada )
Torra, V. ( Spain )
Toutain, F. ( France )
Van Solingen, R. ( USA )
Vasilakos, T. ( Greece )
Vityaev, E. ( Russia )
Wai, Lam ( Hong Kong )
Walker, E. (USA)
Wang, J. ( Hong Kong )
Welzer, T. ( Slovenia )
Wermmter, S. ( United Kingdom )
Wills, E. ( Venezuela )
Won, Y. (USA)
Woodcock, A.(United Kingdom)
Wrycza, 8. ( Poland )
Wu, H. (USA )

Xia, F. ( Macau )
Xiaoping, Jia (USA )
Yang,J. (USA)

Yasser, E. ( Egypt )
Zadeh, J. (USA)
Zahariadis, T. ( Greece )
Zaliwski, A. ( Poland )
Zboril, F. ( Czech Republic )
Zeadally, S. (USA)
Zeeuw, G. ( Holand )
Zhang, C. ( Canada )
Zheng, J. ( Australia )
Zhu, G. ( Singapore )
Zoltan, C. ( Venezuela )




ADDITIONAL REVIEWERS

Aboelela, Emad (USA)

Adami, Andre (Brazil)

Adel, Chenf (Japan)

Ajmone Marsan, Marco (Ttaly)
Akiyama, Yoshihiro (Japan)
Akoumianakis, Demosthenes (Greece)
Alaya Cheikh, Faouzi (Finland)
Almeida Lima, Pedro (Portugal)
Altun, Anf (Turkey)

Amann, Bernd (France)

Amer, Aishy (Canada)
Andersen, Tom (Denmark)
Antani, Sameer (USA)

Arabnia, Hamid (USA)

Aracil, Javier (Spain)

Arato, Peter (Hungary)

Aneli, Ofer (Israel)

Arlitt, Martin F (USA)

Arora, Rejan (India)

Arteaga Pérez, Marco A. (Mexico)
Arts, Thomas (Swedan)

Aziz, Soulhi (France)

Baggia, Paolo (Italy)
Barabanov, Andrey E. (Russian)
Baran, Benjamin (Paraguay)
Barbour, Ahmed E (USA)
Bartoli, Jacques Andre (France)
Bapodlu, Nun (Turkey)

Batos, Vedran (Croatia)
Baumgartner, Albert (Germany)
Belo, Orlando (Portugal)

Ben Dhaou, Imed (Swedan)
Bergerman, Marcel (Brazil)
Beritelli, Francesco (Ttaly)
Berler, Alexander (Greece)
Bernando, Luis (Portugal)
Berndtsson, Mikael (Sweden)
Bischof, Horst (Austria)

Black, Paul E.

Boissiere, Guillaume (USA)
Bomanus, Frank (Germany)
Boquete, Luciano (Spain)
Botelho, Luis (Portugal)
Brasileiro, Francisco (France)
Breedvelt, Ilse (Netherlands)
Bruin, D.D. (Netherlands)
Burhard, Hans-Dieter (Germany)
Burian, Adnan (Finland)

Cai, Ning (Hong Kong)

Caileanu, Comneliu (Romania)
Calude, Cristian S. (New Zeland)
Calveras-Augé, Anna (Spain)
Carbajo, M. (Spain)
Carvalho, Joao (Portugal)
Cela, Jose (Spain)

Celka, Patrick (Australia)
Chacon, Oscar (Mexico)
Chang, Ray-I (Taiwan)
Changchi, Chuleeporn (USA)
Chen, Amy (USA)

Chen, Deji (USA)

Cheng, Runwei (Japan)
Cherif, Mehmel (Japan)
Chohra, Amine (Germany)
Chou, Li-Der (Taiwan)
Chnistensen, Ken (USA)
Chwif, Leonardo (Brazil)

A FFet Dl—.{lu'}w:-\n (France)
Colombani, Yves (France)
Comley, Vivian Edward (UK)
Consoli, Alfio (Italy)

Costa, Joao P. (Portugal)
C-Peres, Valerie (Singapore)
Cremuilleux, Bruno (France)
Da, Ruan (Belgium)

Dai, W.W. (Singapore)
Daniele, Riccio (Italy)
Davison, Robert (Hong Kong)
De Bonis, Annalisa (Italy)

De Felipe, Javier (Spain)

De Florio, Vincenzo (Belgium)
De Queiroz, Ricardo (USA)
Debon, Renaud (France)
Dehmubed, Rohinton (USA)
Delmas, Patrice (France)
Demetrescu, Camil (Italy)
Demounem, Laurence (France)
Denzler, Joachim (USA)
Dyeraba, Chabane (France)
Djuric, Petar M. (USA)
Dobrowiecki, Tadeusz (Hungary)
Douros, loanms (UK)
Druzdzel, Marek (USA)
Duffy, Nigel (USA)

Duong, Vu N. (France)

Dutta, Sourav (India)

Elomaa, Tapio (Finland)
Erdogan, Nadia (Turkey)

Ezawa, Kazuo (USA)

Ezra Kwok, K. (Canada)
Fabian, Martin (Sweden)

Fan, Guoliang (USA)

Faro, Alberto (Italy)

Fatikow, Sergej (Germany)
Favaro, John (Italy)

Fertalj, Kresimir (Croatia)
Ficarra, Francisco (Italy)
Fidge, Colin (Australia)
Fischer, Claude (France)
Floreano, Dario (Switzerland)
Flusser, Jan (Czech Republic)
Forgacs, Istvan (Hungary)
Forster, Dirk (Germany)

Frei, Christian (Switzerland)
Fuchs, Siegfnied (Germany)
Fuh, Chiou-Shann (Taiwan)
Fuiita Masahiro (Japan)
Fung, Lance C.C. (Australia)
Gallegos, Fred

Gallegos, Frederick (USA)
Galvez, Jose Maria (Brazil)
Garcia, Francisco Javier (Spain)
Gary, C. Alexander

Giron, Franck (Germany)
Goepffarth, Rolf Gregor (Germany)
Gonzalez-Banos, Hector Hugo
Granja Alvarez, Juan (Spain)
Gresse, Christiane (Brazil)
Griffiths, Ian (UK)

Guenter, Rudolph (Germany)
Gupta, Anshul

Guvenir, H. Altay (Turkey)
Hanachi, Chihab (France)
Hassan, Amer

Heyden, Anders (Sweden)
Hidalgo, Ignacio (Spain)
Higashiyama, Yoichi (Japan)
Hirakawa, Masahito (Italy)
Holgado, Javier (Spain)
Holsbach Costa, Marcio (Brazil)
Hong, Youlian (Hong Kong)
Hoogeweegen, Martijn (Netherlands)
Hu, Guangshu (China)
Huang, Chengquan

Huang, Jingwei (China)

Hui, Lucas (Hong Kong)
Hutjuan, Yang (Singapore)




Hulicki, Zbignieww (Poland)
Hulin, Martin (Germany)
Husar, Peter (Germany)

Huw, Oliver

Imae, Joe (Japan)
Impaglhazzo, Leonardo (Italy)
Janczura, Chris (Australia)
Janousek, Vladimir (Czech Republic)
Jautzy, Olivier

Johnson, John (USA)

Jolion, Jean-Michel (France)
Juergen, Branke (Germany)
Kaaniche, Mohamed (France)
Kabiri, Peyman (UK)

Kalpic, Damir (Croatia)
Kamata, Hiroyuki (Japan)
Kang Hoh, Phua (Singapore)
Kankanhalli, Mohan (Singapore)
Kasemian, Hassan B (UK)
Kawahara, Hideki (Japan)
Kawarazaki, Noriyuki (Japan)
Keong, Ng Wee (Singapore)
Keravnou-Papaeliou, Elpida (Cyprus)
Khanbaghi, Maryam (Canada)
Kim, Sam Myo (Korea)
Komosinski, Maciej (Poland)
Krishnan, Paddy (New Zealand)
Kuhns, Fred

Kuo, Chin-Haw

Kusumoto, Shinji (Japan)
Lam, Wai (Hong Kong)

Lara R, Domungo (Mexico)
Larin, Vladimir (Ukraine)
[Lamac, Mireille (France)

Lee, Hyo Jong

Lee, Lyndon (UK)

Lee, Richard

Leger, Alain (France)
Leonardis, Ales (Singapore)
Lien, Yao-Nan (Taiwan)
Likothanassis, Spiros (Greece)
Lima, Pedro (Portugal)

Lin, Ming

Liou, Jing-Chiou

Liu, Alan (Taiwan)

Lopes de Souza, Paulo (Brazil)
Lorenz, Pascal (France)
Loukas, Nikos (Greece)
Lundin, Fred J (Sweden)

Luo, Yupin (China)

Luzeaux, Dominique (France)
Maierhofer, Martin (UK)
Mammeld, Aame (Finland)
Man Lap, Chung (Hong Kong)
Manrer, Calvin (USA)
Marconi, Lorenzo (Italy)
Mareels, Iven (Australia)
Masahiro, Hiji (Japan)
Matsuura, Takenobu (Japan)
Maurer, Calvin

McLeod, Chris (UK)

Messa, Kenneth (USA)
Metter, Jeffrey

Michelucei, Dominique (France)
Mika, Sato-Ilic (Japan)

Milic, Ljiljana (Yugoslavia)
Mitobe, Kazutaka (Japan)
Moerkotte, Guido (Germany)
Monteiro, Edmundo (Portugal)
Mordes

Mordeson, John

Morimoto, Yasuhiko (Japan)
Mosterman, Peter (Australia)
Mullery, Geoff

Munack, Axel (Germany)
Nakajima, Tatsuo (Japan)
Neagu, Gabriel (Romania)
Nesi, Paolo (Italy)

Newby, Gregory (USA)
Newsome, Mark

Nguyen, Hung (Australia)
Nguyen, X.T. (Australia)
Ninholt, Anton (Netherlands)
Nordstrom, Kjell (Sweden)
Ohya, Akihisa (Japan)
Omologo, Maurizio (Italy)
Ooninex, Patrick J. (Netherlands)
Orth, W (Germany)

Osbomn, Tom (Australia)
Paek, Yunheung (Korea)
Palm, Rainer (Germany)
Pavlidou, Niovi (Greece)
Perkowski, Marek (Portugal)
Petrou, Maria (UK)

Pham, Tuan (Australia)
Pietrobon, Steven S. (Australia)
Pin, Ooi Boon (Singapore)
Ping, Gan Boon (Singapore)
Pinto, Augusto Cesar (Brazil)
Polani, Daniel (Germany)
Potter, Don

Prakash, S.R. (India)
Puyul-Gruart, Josep (Spain)
Qi, Hairong

Qusay, H Mahmoud (Canada)
Ramakrishnan, Sita (Australia)
Raymond, N.G. (Hong Kong)
Reiter, Heinrich

Reza, Khorramshahgol
Richard, Paul (France)

Rihar, Marjan (Singapore)
Rattberger, Marc (Germany)
Rohr, Karl (Germany)
Romanczuk, Annya (France)
Roszkowska, Elzbieta (Poland)
Rybinski, Henryk (Poland)
Ryszard, Kowalczyk (USA)
Sahan, Sorina (Romania)
Santos del Riego, A. (Spain)
Santos, Rafael (Brazil)

Sarty, Gord (Canada)
Savolainen, Vesa (Finland)

Savorski, Victor (RUSSE&)
Sawada, Hiroshi (Japan)
Schwartz, Alan

Schwartz, David (Israel)
Seckin, Gamze

Seetharaman, Apama

Shalwvi, Doron

Sharma, Gaurav

Shih, Timothy (Taiwan)
Sokolsky, Oleg

Solaiman, Bassel (France)
Stempokovsky, Alexander (Russia)
Sterian, Andrew

Steyer, Jean Philippe (France)
Sties, Manfred (Germany)
Suarez Sarmiento, Alvaro(Spain)
Suguri, Hiroki (Japan)

Sum, John (Hong Kong)

Sun, Koun Tem (Taiwan)

Sun, Ron (USA)

Surma, Jerzy (Poland)

Syed, Mahbub

Szabolesi, Rébert (Hungary)
Szulman, Sylvie (France)
Tenreiro Machado, J.A. (Portugal)
Teraoka, Fumio (Japan)
Thaden, Larry

Thaden, Lawrence

Todd, Wareham (Canada)
Torrens, Francisco (Spain)
Torres, Luis (Spain)

‘Lronel, Ennco (ltaly)

Tsakalis, Kostas

Tsukiyama, Shuji (Japan)
Ubar, Raimund (Estonia)
Usai, Elio (Italy)

Van de Walle, Rik (Belgium)
Venturini, Gilles (France)
Vuik, Kees (Netherlands)
Wang, Yanying

Welam, Stephen (Hong Kong)
Wen, Jyh-Homng (Tatwan)
Westphall, Carlos B. (Brazil)
Will, Matthias O. (Germany)
Wong, Tom (Croatia)
Worring, Marcel (Netherlands)
X1, Hongwe1

Yahara, Taishi (Japan)

Yahya, Adnan

Yehia, Ramzi Riad

Yu, Weihai (Norway)

Zahan, Sorina (Romania)
Zara, Jiri (Czech Republic)
Zarate, L.E. (Brazil)

Zborll, Frantisek (Czech Republic)
Zecevic, Aleksandar

Zhang, Rongjun

Zhiying, Zhou (China)

Zhou, Duan Ning (Hong Kong)
Zoubir, Mammeri (France)




ACADEMIC AND SCIENTIFIC CO-SPONSORS

WOSC: World Organization on Systemics o [FSR: International Federation of Systems
and Cybernetics (France) Research (Austria/USA)

The Centre for Systems Studies (UK) o [EEE Computer Society (Chapter:

Systems Society of Poland Venezuela)

Society Applied Systems Research (Canada) e Cybernetics and Human Knowing: A
Slovenian Artificial Intelligence Society Journal of Second Order Cybemetics and
Simon Bolivar University (Venezuela) Cybersemiotics (Denmark)

Polish System Society (Poland) e CUST, Engineer Science Institute of the
Italian Society of Systemics Blaise Pascal University (France)

ISSS: International Society for the Systems * Concurrency and Architecture Group, the
Sciences (USA) Telematics Engineering Departament of The
ISI: The International Systems Institute University of Las Palmas of Gran Canaria,
(USA) s R AL :
IEEE LatinAisorica e The Tunisian Scientific Society (Tunisia)

HONORARY PRESIDENTS
Bela Banathy
Stafford Beer
George Klir

PROGRAM COMMITTEE CHAIR

William Lesso

GENERAL CHAIR
Nagib Callaos

ORGANIZING COMMITTEE CHAIR
Belkis Sanchez

PROCEEDINGS PRODUCTION PROCESS CHAIRS
Maria Sanchez
Juan Manuel Pineda




L

® @ o @& @

¢« & & o 0 @

INVITED SESSIONS

Adaptation and Knowledge Networking in Telecommunications Management: Alex Bordetsky (USA)
Advanced Computer Topics for Pre-College Students: Jesse Bemley and Donald Holmes (USA)
Advanced Interfaces for Management of Large Scale Systems: Shogo Nishida (Japan)

Agent Oriented Software Engineering: Carlos Angel Iglesias Fernandez (Spain)

Analysis and Synthesis of Audio-Visual Speech: Alexandrina Rogozan (France)

Biologically and Physically Inspired Computing: Amir Fijani (USA)

Biologically Inspired Robots: Ismet Erkmen (Turkey)

Business Process Modeling: Mohamed Loutfi (UK)

Codes, Sequences and Cryptography: Jacques Wolfmann (France)

Cognitive Aspects of Informatics: Fundamental Questions of the Nature of Information and
Representations: Hart Will (Canada)

Computational Intelligence: Hassan B. Kazemian (UK)

Computer Networks: Kainam Thomas Wong (Hong Kong)

Control System and Transportation: Soulhi Aziz (France)

Cooperative and Distant Learning: Sofiane Labidi (Brazil)

Data and Information Quality: Mario Piattini and Marcela Genero (Spain)

Design Validation of Digital Systems: Masahiro Fujita (Japan)

Distributed Computing Periormance: Matjaz B. Juric (Slovenia)

Distributed Information Management Systems: Dong-Ik Lee (Korea)

Distribnted Tnformatinn Sveteme Development: Ahmed Pate! (Ireland)

E-Commerce: Edward Cheng (USA)

Electronic Commerce: Miquel Soriano (Spain)

Evolutionary Computation and its Applications: Yuhui Shi (USA)

Expert Systems and Software Agents: Evolution of a U.S. Army Application: Robert J. Hammell II (USA)
Architecture Tools and Algorithms for Networks Parallel and Distributed Systems: ATANPDS 2000:
Geminal Isern (Venezuela)

Further Integration in the Clinical and Health Information System - 2 Demanding Task for the 21st
Century: Yukio Kurihara and Joachim W. Dudeck (Japan)

Fuzzy Logic Solutions for Mechatronics Systems: J. Costa Branco (Portugal)

Fuzzy-Neural Systems: Tuan Pham (Australia)

Generative and Component-Based Software Engineering: Awais Rashid and Jen Allanson (UK)
Geographical Information Processing and Remote Sensing: Reinhold Huber and Joao Moreira (Germany)

Hardware and Software Embodiments of Biologically Based Pattern Classification: Walter J. Freeman and
Robert Kozma (USA)

Human Computer Interface Design: Anthony Norcio (USA)

Image/Speech/Finance Signal Processing: Kainam Thomas Wong and Kai Pui Lam (Hong Kong)
Information Systems Development: Naoufel Kraiem (Tunisia)

Information Systems Engineering: Concepts and Industrial Applications (ISICA): Thierry Millan (France)
Information Systems in Higher Education: Marianella Aveledo (Venezuela)

Information Theory for Mobile Computing: Naoki Suehiro (Japan)

Intelligence in Networks: Laurie Cuthbert (UK)

Intelligent Mechatronics for Mobile Machines: Nakano Eiji (Japan)

ISRI: Information Systems Reuse on Internet: Jose Luis Barros Justo (Spain & Argentina)

IT Applications: Jinshyang Roan (Taiwan)




e & & 0 @

e o @

Learning: Optimization, Neural Networks and Logic: Mineichi Kudo and Tetsuya Murai (Japan)
Management of Natural Disasters by Remote Sensing: Francis Yakam Simen (France)
Manufacturing Applications in Highly Constrained Manufacturing Environments: Rafael S. Gutierrez
(USA)

Metrics for Software Improvement: Giancarlo Succi and Luigi Benedicenti (Canada)

Mobile Agents: Arturo Pérez Diaz (Spain)

Modeling and Simulation of System Based on the Petri Nets: Jong Kun Lee (Korea)

Modem Power System Protection and Control: Miroslav Begovic and Damir Novosel (USA)
Multilevel Coding and its Applications in Rayleigh Fading Channels: Dongfeng Yuan (China)
Multimedia Systems Development: Timothy Arndt (USA)

Multimedia Systems Development: Ebroul Izquierdo (UK)

Neural Network Approaches for Combinatorial Optimization Problems: Nobuo Funabiki (Japan)
Neural Networks Applied to Classification, Prediction and Automatic Control: Diego Andina de la Fuente
(Spain)

Neural Networks Applied to Classification, Prediction and Automatic Control IT: New Methods for
Training and Designing Neural Networks Architectures: Jose Luis Sancho and Manuel Martinez Ramon
(Spain)

Optimal Stochastic Space-Time Fields Processing in Radio-Engineering, Telecommunication and Global
Information Systems: Daniel Klovsky (Russia)

Pattern Recognition Methodology: Prototype and Feature Selection: Francesc J. Ferri (Spain)
Postmodern Physics in Biology and Medicine: Manfred Doepp (Austria)

Process Technology: Pierre F. Tiako (France)

Putting People in their Place Developing Software: Alistair Cockburn (USA)

Radar Remote Sensing - Ocean, Snow and Land Surfaces: Ali Khenchaf (France)

Reliable and Fault Tolerant Systems: Adel Cherif (Japan)

Satellite Remote Sensing: Image Processing and Applications: Pierfrancesco Lombardo (Italy)

SCT and Handicap: Paul Richard (France)

Second Symposium on Reusable Architectures and Components for Developing Distributed Systems
(RACDS 2000): Nader Nada (USA)

SULZ0UU N i bibist: Guram Kharatisnvili (eorgla)

Signal and Image Processing: Chakib Tadj (Canada)

Signal Processing and Coding: Chakib Tadj (Canada)

Signal Processing for Communications & Radar: Kainam Thomas Wong and Kai-Bor Yu (USA)
Signal Processing in Communications: Jiankun Hu (Australia)

Simulation Aided Decision Support and Planning: Alptekin Erkollar and Heinrich C. Mayr (Austria)
Simulation Subject: Agostino Bruzzone (Italy)

Soft Computing in Robotics and Cybernetics: Kazuo Kiguchi (Japan)

Speech and Speaker Recognition: Chakib Tadj (Canada)

Statistical and Array Signal Processing: Alex B. Gershman (Canada)

Statistical Computing: Colin Chen (USA)

Svmbolic and Algebraic Computations: Victor Adamchik (USA)

The Use of Multimedia in Education: Stephane Crozat (France)

Use of Fuzzy Technology to Enhance Intelligent Systems: Tharam Dillon and Ling Feng (Australia -
Netherlands)

User Modeling and Cooperative Information Retrieval in [RS: Amos David (France)

Virtual Reality: Paul Richard (France)

Virtual Reality Systems: Multi-Modal Interfaces: Bouguila Laroussi (Japan)

Wavelet Applications to Signal processing / Time-Frequency and Time-Scale Applications: Manuel Rosa
Zurera (Spain)

Web Information Integration Systems: Zohra Bellahsene (France)

Wireless and Mobile Computing: Gopal Racherla and Ravi Sankar (USA)

Wireless Local Area Networks: Alvaro Suarez Sarmiento (Spain)

Wireless Networking: Dharma Agrawal (USA)



Quality in Conceptual Modeling

Marcela Genero and Mario Piattini
Grupo ALARCOS
University of Castilla-La Mancha
Ronda de Calatrava, 5
13071, Ciudad Real (Spain)
e-mail: {mgenero. mpiattin} @inf-cr.uclm.es

ABSTRACT

Conceptual data models form the basis of requirements
specification and their quality can have a significant impact on
the quality of the information system which is ultimately
implemented, which becomes even bigger if we take into
account the size and complexity of current information
systems. Most of the existent work about conceptual data
model quality merely lists propertics, without giving
quantitative measures that assess the quality of such models in
an objective way. In this work, we will propose a method for
metric definition and a set of closed-ended metrics, for
measuring entity relationship diagram complexity.

Keywords: Quality in Conceptual Modeling, Entity
Relationship Diagram Complexity, Software Metrics

1. INTRODUCTION

It is well known that the quality of the information systems
depends greatly on the accuracy of the requirements
specification and the major effort must be focused on the
improvement of the carly stages of developments [16].
Conceptual data models form the basis of requiremeni
specification and their quality can have a significant impact on
the quality of the information system which is ultimately
implemented [24]

The conceptual data model is onc of the first products
gencrated during the information system design. Therefore, it
is really important to build them as “good™ as possible because

even among experts as to what makes a “good” data model
[20].

However, we consider that conceptual data models are the core
of the information systems and it is necessary to propose and
study quality measures for their design stages.

In general we agree with Krogstic et al. [14] in the sense that
“Most literature provides only bread and butter lists of useful
properties without giving a systematic structure for evaluating
them”. Even more these lists are mostly unstructured, use
imprecise definitions, often overlap, and properties of models
are often confused with language method properties [16].

Recently. some interesting frameworks have been proposed for
addressing quality in information modelling in a more
systematic way [14; 16: 20; 21; 23: 24] without providing any
measure that allow designers to evaluate the quality of
conceptual data models in an objective way.

Quality <riteria are not enough on their own n order to ensure
guality in practice becausc people will generally make
different interpretations of the same concept. It is necessary to
have quantitative and objective measurces to reduce subjectivily
and bias in the evaluation process.

Software metrics have mostly concentrated on the deliverables
of the later phases, such as design and coding. or detailed
process metrics [5: 11; 17; 18]. Lesser work has been done
rclated to metrics for conceptual dara model qualitv. An
overview of them is presented in table 1. which classifies and
compares them according to the dimensions of purpose.
feature and tvpe.

Approach

Features Tyvpe

Gray cral. ||

Metrics for evaluating
some qualirty factors of
Entity relationship

diagra

List of metrics |

ms

Improving the quality of
conceptual models by
| schema wansformation

Propose a quality measure | Framework i
to evaluate overall quality I
of S-dia

Kesh [13]

Evaluating Entity
relationship qua

Framework
behaviour. Defines
metrics for evaluating
quality

Moody [19] | Eval

| ER diagrams

P—

1 the quality

Extend the framework Framework
proposed Moody and
Shanks (1994),and
propose 25 metrics to
measure quality factors.

metrics to méadare conceptual data models quality



Although all of these proposals of metrics are a good starting
point to think about quality in conceptual modeling in a
numeric scale, most of them arc subjective, lack theoretical
verification and empirical validation. Therefore. they are not
very useful in practice.

n this work we provide a set of closed-ended metrics [15] to

assess one quality factor that has a great influence on the
Entity Relationship (ER) models overall quality: complexity
Those closed-ended (bounded in the interval [0,1].)metrics are
objective, easily computed, easily to visualize and also easy to
interpret.

This paper is organized in the following way: section 2 shows
the metric definition process, section 3 shows our proposal of
ten closed-ended metrics for ER diagram complexity and
finally section 4 presents our conclusions and the future work

2. METRIC DEFINITION PROCESS

Figure 1 shows the three steps followed in the process of

metric definition:

1) When we know what we want to measure and why, we
define the metrics.

2)  We put them under theoretical verification in order to
verify that the proposed metrics satisfy cerajy
mathematical properties. or in order to ascertain for each
each metric its scale type.

We put them under empirical validation in order g
demonstrate that they serve for the purpose that they haye
been created. This validation may be carried out through
controlled experiment or by case studies taking data ﬁ'(::'n\,
real cases [5].

tad

As steps 2 and 3 are independent they must be done
simultaneously.

This process is iterative, and cach step can feed the others,
which lead us to accept, improve, change or discard the
proposed metrics. :

A GOAL: What measure’?
Why measure?

Y

MLETRIC DEFINITION

EMPIRICAT VALIDATION |

|z
CAST ;
STUDIES

| ENPERI-
MENTS

Figure 1. Merrie definition process

2. METRICS FOR EVALUATING ER
DIAGRAM COMPLEXITY

We must be conscious. however, that a general complexiry
measure 1s “the inpossible holv grail” [3]. Henderson-Sell
[11] distinguishes three tvpes of complexity, among which he

1

sted “product complexity™. which is our focus when we

refer to the concept of complexity.

In this section we propose a sct of metrics o measure ER_
models complexity. These metrics are based on complexity
theory, which defines the complexity of a system by m»:_
number of components in the system and the number o
relationships among the components.

the

Since the aim is that of simplifying the ER model. 3
objective will be o minimize the value of these metrics. It B
common understanding that the grcatest complexity is Stror
correlated with the development and maintenance efforts an
the overall quality of information systems.
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2.1 RvsE metric

This metric measures the relation that exists between the
number of relationships and the number of entitics in an ER
model. It is based on Lethbridge’s Muppop metric (Lethbridge,
1998)

\\ e define this metric as follows:

\gir\’"‘ is the number of|

| ( NR | | relationships in the ER

| RvsE =| : model.

| { \’R ! J?\'E it " -
N 2% N® is the number of entities |

1 in the ER model. |
| Where M+ N > 0. |

When we calculate the number of relationship (.-’\“R],_ we also
consider the IS_A relationships. In this case, we consider one
relationship for each pair child-parent within the IS_A
relationship. The number of relationships per entity in the ER
model influence this metric. Intuitively, the greater the number
of relationships the greater the complexity. RvsE metric is zero
when there are no relationships, it takes the value 1 when
there are a lot of relationships and very few entities.

2.2 AvsE metric

This metric measures the relations that exist between the
number of attributes and the number of entitics in an ER
model. 1t is based on Lethbridee’s Mpuppep metric (Lethbridge,

1998).

We dofine this metric as followe:

I 2 [ N7 is the number of attributes |
|' N A \ '| in the ER maodel.

| AvsE =| 4 E || N is the number of entitics in |
(N +N" ) |thc ER model.

| Where N+ NS

When we calculate the number of attributes in the ER model
(N1, in the case of composite attributes we take into account
cach of their simple attributes.

The number of attributes per entitv in the ER model influcnces
this metric. Intuitively, the greater the number of attributes the
greater their complexity.

AN are no attributes, it takes value
I when there are a lot 0. attributes and ver o fow cnntics.

E metric 15 zero when there

v

-

2.3 DA metric
We define the Derived Artributes mctric as th
derived attributes that exist within the ER mode
the maximunm number of derived attributes that may
ER model (all auributes in the ER mwodel excep:

. ;

divided by
CXISTIn an
onc). An
deduced

attribute is derived when its valug can be caleulated or
from the values of other attributes

We define this metric us follows:

¢ number of
~|

754

’7 \»‘DA |\J is the number of derived

b o | attributes in the ER model.

| NA o N is the number of attributes
in the ER model.

‘ | Being A” > 1.

When we calculate the number of atributes in the ER model
(A, in the case of composite attributes. we consider each of
their simple attributes.

The derived attributes are redundant attributes. and then it is
convenient to reduce this number. A big number of derived
attributes may have a negative influence on the programs that
manage the future database, because they have to deal with all
of the problems introduced by the redundancy.

DA metric is zero when there arc no derived attributes, 1t
scores 1 when all except one of the attributes within the ER
model are derived attributes,

2.4 CA metric

The Composite Attributes metric assesses the number of
composite attributes, compared with the number of attributes
in an ER model. A composite atribute is an atribute

composed of a set of simple attributes.

We define this metric thus:

' \I,CA N e 11be. 0f'1|
! ] i lcomp attril in the ER
| sy | del |

N | model. |

‘ N is the numbc: of attributes

\ 10l Lis

| Where V' >0, |

When we calculate the number of auributes in the ER model
(V") in the casc of composite attributes we consider each of

their simple attributes.

CA metric is zero when there are no composite artributes. it
scores | when all the attributes are composite

2.5 MVA metric

The Multivaluated Arttributes metric assesses the number of
multivaluated attributes, compared with the number of
trributes in an ER model. A multivaluated anribute is an
attribute that can take several values tor an individual entity,

Ve detine this metric thus:

AT [V 45 the number  of|
] LM | .
N i multivaluated atrribures in the !
v A 1 ER model

i : | A is the number of attributes
i ! in the ER model.

| | Being A =0,

When we calculate the number of attributes in the ER model
(N'), in the case of composite attributes we consider cach of
their mmplc attributes.
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MVA metric
artributes. it
multivaluated.

multivaluated
attributes ™ are

when  there
when all of the

1S 7Cro
scores |

2.6 RR metric

We define the Redundant Relationship metric as the number of
relationships that are redundant in an ER model, divided by the
number of relationships in the ER model minus one.
Redundancy exists when onc relationship R; between two
entities has the same information content as a path of
relationships Rs, Ri, ..., R, connecting exactly the same pairs
of entities instances as R,. Obviously, not all cycles of
relationships are sources of redundancy. Redundancy in cycles
of relationships depends on meaning [1].

We define this metric as follows:

VRR | A" is the number of redundant
BR= E relationships in the ER model.
_\;R ) {N* is the number of

n,ia ionships in the ER model.
\\ here A% > 1.

When we calculate the number of relationships (M), we also
consider the IS_A relationships. In this case, we consider one
relationship for each pair child-parent within the IS_A
relationship

of redundant rmancmhlps may have a big

ucnce on the future database under dability and

maintainability.

A big number

. . : T (B SR, SO R SO
scores 1 when all of the relationships are redundant except
one.

2.7 M:NRcel metric
The M:N Relationships metric measures the number of M:N
rclationships compared with the number of relationships in an

ER mode

We define this metric as follows:

i \.,\.,f NR is nui ‘I'IbCI of M:N |
| M =N Rel=" i relationships in the ER 1.10d;| -l
N R Pt [ wumbcr |

n the ER model.

When we calculate the number of relationships (A%), we also
consider the IS A relationships this cusc, we consider one
rclationship for cach pair child-parent within the IS_A
relationship

o are no M:N

weasures the number of N-ary

compared with the

relationships in the ER ¢ mdLl

percentage of

number of

It is convenicent that the number of N-ary relationships in an
ER model were minimal, because they contribute to incre A5
its complexity.

We define this metric thus:

. N—q | N7 is the number of N- -ary
| N —ary Rel = N | rclaum:h] s in the ER model,
NRIN is  the

[ relationships in the ER model.

|
i number of‘
i |
| ! Where M > 0. ‘

When we calculate the number of relationship (M), we also
think over the [S_A relationships. In this case, we consider one
relationship for each pair child-parent within the IS A
relationship. Es

This metric is zero when the ER model has no N-ary
relationships, it takes the value | when all of relationships are
N-ary. Most of the available tools for building conceptual
models do not allow N-ary relationship. They must be
ranslated into binary relationships, so the majority of designs
have only binary relationships.

2.8 SCO metric

With the Schema Cohesion metric we want to assess situations
like the one shown in figure 2. It represents an ER model
composed of three unrelated subgraphs .Qo'ne database
designers consider that if the ER model has several unrelated
subgraph it is more complex.

We are looking for a single value, which lets us measure the
cohesion degree of the different unrelated subgraphs. taking

into account the number of cntities in each component.

We definc the SCO metric thus:

I T 2| N7 is the number of entities
- 3 !r\";lr‘rthRmdc!
P / | is  the number of

| unrclated subgraphs.

polks 3 -
N 7 is the number of

entities in the sub jraph.

ali the enniti

when there is a

unrelated subs 'erl“, W

hvery fow entities in :.ach oncl.

SCO metric for the ER model in figure 2 is calculated thus:
Shi v
3 vt e
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2.9 IS_ARel metric

The IS_A Relationship metric assesses the complexity of
genc ralisution/ specialisation hierarchies (1S A) in onc ER
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modcl. It is based on Lehbridge’s My metric [15]. This
metric combines two factors in order to measure the
complexity of the inheritance hierarchy. The first factor is the
fraction of entities that are leaves of the inheritance hierarchy.
This measure, called Fleaf is calculated thus:

N Leaf [ N-"5s .t'nc_numbcr _of_!ea_re; in ong |

© | generalisation/specialisation |
Z hierarchy. :
NE is the number of entities in cach |
generalisation/specialisation ‘

| Fledf =
a N

hierarchy.
; | Where A* > 0.

Figure 2 shows several inheritance hicrarchies along with their

measures of Flcaf. Fleafl approaches 0,5 when the number of
lcaves is half of the number of entities. (figure 2. part ¢ and d).

It approaches zero in the ridiculous casc of a unary tree (part b)

and it approaches one if every entity is a subtype of the top

entity (part a). On its own, Fleaf has the undesirable property

that for a very shallow hierarchy (e.g. just two or three levels)

with a high branching factor. it produces a measurement that is

unrcasonably high, from a subjective standpoint (figure 3 part

a). To correct this problem with Fleaf, an additional factor is
used in the calculation of IS_ARel metric: the average number
of direct and indirect supertypes per non-root entity, ALLSup
(the root entity is not counted since it cannot have any
parents).

Figure 2. Examples of IS_A relationships

S_ARel metric is calculated thus:

3) Project managers, as far as they will be able to
estimate maintenance costs.

These metrics are only a starting point, in order to measure the
overall quality of the conceptual models. However, due to the

[
| (@ € (b) g
i E2
g2 £ £ Es £
| E3 Fleaf =01
p ALLSup =3
Fleaf = 0.83 ; I;ALRe‘Tp—C e
ALLSup = g = fiaie
= ARs!=D L7 |
ES |
| (c) (d)
Er E1
5 = Fleaf =0.5 £2 - Fieaf =C.5
ALLSup=18 ALLSup=22
| Is_ARel =0,19 Is_ARel =028
|
| g4 E5 E6 = 33 Es
|
FLeaf' lack of ¢ D“L‘L.Tln metrics for measuring conceptual models
I ARel=Flegl -—20 cu._ht\ they serve the purpose of getting information systems
> o »{LLSU)U designers to think about the quality of their conceprua
modcls i n numeric erms.
We think that it is not cnough to propose meirics. it is also
T 18 MICIIIC USSUSSes .K‘ complexity of cach IS A hi erl"'lv necessary o pur them under theorerical verification and
"he overall IS_ARel complexity is the y all the cmpirical -.';lii;‘futzon_ in order to assure their utility., Theoretica
_ARcl complexitics in the ER diagram verification of these metrics is being carried out using Briand
ct al.’s formal framework (Briand et al.. 1996). E‘.‘I‘.}J]!':\.:
3. CONCLUSIONS AND FUTURE WORK validation is planned. using not only controlled experimenis
but also actual casc studics from different organisations.
We have presented ten closed-ended mctrics for cvaluating
conceptual data models complexity. These closed-ended We can't disregard the increasing diffusion of the object-
metrics are objective and casily computed metrics which oriented paradigm in information modclling. We think thas
should be useful for: object oriented models are more appropriate than ER modeis
to describe Ihc kind of information systems built # nowadayvs
1) Information system designers, since they will be We are these metrics to measure. OMT object
; e S i Jiagrams [6]. and also we are defining new ones for UML
able 1o choose between alternative design options. ; 5 “m Iso we are de g new ones for LY
R ; : ] i tagrams (7; §]) .
2) Software quality engineers and auditors, since these : V78]
etrics will he m 1 fy 1 iality of : :
metrics will help them to quantify the quality We will extend the proposed metrics in order to measure other
database design. 756  quality fuctors such as mentioned in the [12].




We have built a metric tool. called MANTICA, for collecting,
and visualising metric values. Now we are working on
building a tool to analyse measurement empirical data, using a
novel data analysis approach based on regression and
classification of fuzzy trees [9].
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