ACS/IEEE International Conference on

Computer
Systems and
Applications

Tunis, Tunisia
14=18 July, 2003

%

<©IEEE

©2003 IEEE

Personal use of this material is permitted.
However, permission to reprint/republish this
material for advertising or promotional purposes
or for creating new collective works for resale or
redistribution to servers or lists, or to reuse any
copyrighted component of this work in other
works must be obtained from the IEEE.

IEEE Catalog Number: 03EX722
ISBN: 0-7803-7983-7
Library of Congress: 2003106612

Click anywhere for the

MAIN MENU




Conference Chairs

General Chair

Salim Hariri, The University of Arizona, USA
hairiri@ece.arizona.edu

Program Committee Chair

Albert Y. Zomaya, The University of Sydney, Australia
zomaya@it.usyd.edu.au

Program Committee Vice-Chairs

Algorithmics and Theory - Stephan Olariu, Old Dominion University, USA
Architectures - Hassan Diab, American University of Beirut, Lebanon
Networking and Wireless - Mohan Kumar, University of Texas at
Arlington, USA

Software - Ali E. Abdallah, South Bank Univ., U.K.

Applications - Rafik Braham, Université du Centre, Tunisia

Tutorials and Workshops Chairs

Kamel Barkaoui, CEDRIC, CNAM, France
barkaoui@cnam.fr

Ali Mili, New Jersey Institute of Technology, USA
mili@oak.njit.edu

Registration Chair

Ramzi Haraty, Lebanese American University, Lebanon
rharaty@lau.edu.lb

Yahya Slimani, Université de Tunis El Manar, Tunisia
yahyaslimani@fst.rnu.tn

Publicity Chairs

Belhassen Zouari, Université de Tunis El Manar, Tunisia
Belhassen.Zouari@ati.tn

Riadh Robbana, Université de Carthage, Tunisia
Riadh.Robbana@fst.rnu.tn

Organizing Chair

Mohamed Moalla, Faculté des Sciences - Tunis, Université de Tunis
El Manar
Mohamed.Moalla@fst.rnu.tn



mailto:hairiri@ece.arizona.edu
mailto:zomaya@it.usyd.edu.au
mailto:barkaoui@cnam.fr
mailto:mili@oak.njit.edu
mailto:rharaty@lau.edu.lb
mailto:Yahyaslimani@fst.rnu.tn
mailto:Belhassen.Zouari@ati.tn
mailto:Riadh.Robbana@fst.rnu.tn
mailto:Mohamed.Moalla@fst.rnu.tn

Program Committee

A. Bouzerdoum, Edith Cowan University, Australia

A. El Saddik, University of Ottawa, Canada

Abdelhamid El Iraki, PRICAM, Morocco

Abdelmajid Ben Hamadou, Southern University, Tunisia
Abdelsalam Helal, University of Florida, USA

Abdullah M. Al-Dhelaan, King Saud University, Saudi Arabia
Adel M. Alimi, University of Sfax, Tunisia

Ahmed Bouajjani, University of Paris 7, France

Aiman H. El-Maleh, King Fahd University of Petroleum & Minerals,
Saudi Arabia

Ali Jaoua, University of Qatar, Qatar

Amal El Fallah-Seghrouchni, Université Paris 13, France
Amir Zeid, American University of Cairo, Egypt

Azzedine Boukerche, University of North Texas, USA
Badache Nadjib, USTHB University, Algeria

Bechir Ayeb, Université du Centre, Tunisia

Bhanu Prasad, Georgia Southwestern State University, USA
David Everitt, The University of Sydney, Australia

David Rine, George Mason University, USA

Edward Moreno, Euripides Foundation of Marilia, Brazil

El Mostafa Daoudi, University of Oujda, Morocco

El-ghazali Talbi, LIFL, University of Lille, France

Fadi Busaba, IBM, USA

Faouzi Ghorbel, ISIMA - University of Manouba, Tunisia
Fethi A. Rabhi, University of New South Wales, Australia
Fikret Ercal, University of Missouri-Rolla, USA

Franciszek Seredynski, Polish Academy of Sciences, Poland
Habib Youssef, Universite du Centre, Tunisia

Hany Ammar, West Virginia University, USA

Henda Ben Ghezala, ENSI, University of Manouba, Tunisia
Hesham EI-Rewini, Southern Methodist University, USA
Hossam EIGindy , University of New South Wales, Australia
Hossam Hassanein, Queens University, Canada

Hossein Saiedian, University of Kansas, USA

Jean Paul Haton, INRIA-Loria, Nancy, France

Jelel Ezzine, Ecole Nationale d'Ingénieurs de Tunis, Tunisia
Joseph Davis, The University of Sydney, Australia

Kassem Saleh, American Univ of Sharjah, UAE

Khaled Bsaies, Tunis El Manar University, Tunisia

Khalid Ghedira, ENSI, Tunisia

Mansour Jaragh, Kuwait University, Kuwait

Marcelo Campo, UNICEN University, Argentina

Marcus Fontoura, IBM Almaden Research Center, USA
Mohamed Abdel-Mottaleb, University of Miami, USA
Mohamed Ahmed-Nacer, USTHB University, Algeria
Mohamed Bettaz, Philadelphia University, Jordan

Mohamed Ould-Khaoua, University of Glasgow, U.K.
Mohamed Tounsi, Ecole des Mines de Nantes, France
Mohammed A. Almulla, Kuwait University, Kuwait

Mohsen Guizani, University of West Florida, USA
Muhammad Sarfraz, King Fahd University of Petroleum and
Minerals, Saudi Arabia

Osama A. Abulnaja, King Abdulaziz University, Saudi Arabia



Rafic Makki, University of North Carolina at Charlotte, USA
Ramzi Haraty, Lebanese American University, Lebanon
Reda Seireg, EI-Shorouk Acc., Egypt

Roger Y. Lee, Central Michigan University, USA

Roland T. Mittermeir, Universityet Klagenfurt, Austria
Saad Harous, University of Sharjah, UAE

Said Bettayeb, Southern University, USA

Samir Ben Ahmed, Tunis El Manar University, Tunisia
Samir S. Al-Khayatt, Sheffield Hallam University, UK
Serge Haddad, 'Université Paris-Dauphine, France

Sherif Yacoub, Hewlett-Packard Laboratories, USA

Tarek El-Ghazawi, George Washington University, USA
Tarek S. Abdelrahman, University of Toronto, Canada
Waleed W. Smari, University of Dayton, USA

Wolfgang Pree, University of Salzburg, Austria

Yassine Lakhnech, University of Grenoble, France

Yi Pan, Georgia State University, USA

Ying Liang, University of Paisley, UK

Yoonhee Kim, Sookmyung Women's University, Korea
Younes Bennani, Universite Paris 13, France

Zaher Mahjoub, Tunis EI Manar University, Tunisia

Zahir Tari, RMIT, Australia

Zaidi Sahnoun, University Mentouri of Constantine

Zaidi Sahnoun, University Mentouri of Constantine, Algeria
Zeinab Karake-Shalhoub, American Univ of Sharjah, UAE



Steering and Organizing Committees

Steering Committee

Hany Ammar (Chair), West Virginia University, USA

Jarallah AlGhamdi, King Fahd University of Petroleum and Minerals,
Saudi Arabia

Mohamed Fayad, University of Nebraska, Lincolin, USA

Pierre Flener, Uppsala University, Sweden

Nashat Mansour, Lebanese American University, Lebanon

Ali Mili, New Jersey Institute of Technology, USA

Local Organization Committee
Webmaster

Iheb Beji, Faculté des Sciences - Tunis
Iheb@Medianet-tunisie.com

Hotel Reservations
Moncef Temani, Faculté des Sciences - Tunis
Moncef.Temani@fst.rnu.tn

Treasurer

Salah Hamami, Institut Supérieur de Commerce et d’Administration
d’Entreprise - Manouba

Salah.Hamami@iscae.rnu.tn

Publication

Wahid Nasri, Ecole Supérieure des Sciences et Techniques - Tunis
Faten Ben Hassine, Faculté des Sciences - Bizerte

Hamouda El Hemissi, Faculté des Sciences - Tunis

Members

Narjes Doggaz, Faculté des Sciences - Tunis

Lilia Cheniti-Belcadhi, Institut Supérieur d’Informatique et des
Technologies de la Communication - Hammam Sousse

Yosr Slama, Faculté des Sciences - Tunis


mailto:Iheb@Medianet-tunisie.com
mailto:Moncef.Temani@fst.rnu.tn
mailto:Salah.Hamami@iscae.rnu.tn

Table of Contents

To Use this Table of Contents: Scroll down or use the bookmarks in the left-hand frame to move to a new
location in this index. Click on a blue paper title to view that paper. To return to this index after viewing a
paper, click the PREVIOUS MENU bookmark in the left frame.

This CD-ROM was created using supplied PDF files. Viewing and printing of the text and graphics will depend largely
on the accuracy with which each file was created.

Compact Iterative Hardware Simulation Model for Montgomery’s Algorithm of Modular Multiplication
Luiza De Macedo Mourelle, Nadia Nedjah

Hardware Simulation Model Suitable for Recursive Computations: Karatsuba-Ofman’s
Multiplication Algorithm
Nadia Nedjah, Luiza de Macedo Mourelle

Micro-Architecture Generation and Simulation from High-Level Synthesis Environment
M. Benmohammed, M. Bourahla, S. Merniz

Multiplexed Systolic Shared registers
Francisco Mesa-Martinez, Kaushik Narayanun, Richard Hughey

Generative Sequence Diagrams for Requirements Specification in Real-Time Systems
Mohamed-Tahar Kimour

Scheduling Algorithms for Ultra-Reliable Execution of Tasks Under Both Hardware and
Software Faults
O.A. Abulnaja, S.H. Hosseini, K. Vairavan

Mapping and Performance Analysis of the Twofish Algorithm on Morphosys
Sohaib Majzoub, Hassan Diab

Integrating FNLOG and STATEMATE for the Specification andValidation of Real Time Systems
Olfa Mosbabhi, Leila Jemni Ben Ayed, Samir Ben Ahmed

Design of Large-Scale Symmetric Multiprocessors (SMPs) using Parallel Optical Interconnects
Ahmed Louri, Avinash Karanth Kodi

GF(2k) Elliptic Curve Cryptographic Processor Architecture Based on Bit Level Pipelined Digit
Serial Multiplication
Adnan Abdul-Aziz Gutub

Algorithms for the Partitioning of Applications Containing Variable Duration Tasks on
Reconfigurable Architectures
F. Ghaffari, M. Benjemaa, M. Auguin

Rapid Mapping of Massively Parallel Algorithms onto Reconfigurable Hardware
Issam Damaj, John Hawkins, Ali Abdallah

Linear Filtering Using Reconfigurable Computing
Hassan Diab , Sohaib Majzoub



Fault-Tolerant Computing on Cluster of Workstations
Sameer Bataineh, Jamal Al-Karaki

Optical Bus Based Fully Shuffled Trees For Massively Parallel Systems
S. H. Deif, O. H. Karam, S. |. Shaheen

Design and Implementation of an Automatic Road Network Map Processing System Using
GPS Technology
Ameur Touir, Rached Zantout

Efficient Data Communication Techniques for Controller Area Network (CAN) protocol
Syed Misbahuddin, Nizar Al-Holou

Modelling End to End QoS Management and Resource Reservation for Multimedia Mobile

Radio Network
Sonia Ben Rejeb, Zied Choukair, Sami Tabbane

A Separate-Queue Multicast Architecture For High-Speed Routers
Ying Jiang, Mounir Hamdl, Khaled Ben Letaief

Integration of Diffserv over MPLS: An Improved Quality of Service Architecture
Imen Jemili, Abdelfettah Belghtih, Nejib Ben Hadj Alouane

Lost Call Traffic in Circuit Switched Networks
Rami Hmous, Jamil Ayoub

Distributed Parallel Scheduling Algorithms for High Speed Virtual Output Queuing Switches
Jing Liu, Mounir Hamdi, Qingsheng Hu

Memory Performance Evaluation for High Throughput Networking Applications
Abdul Waheed

Vehicle Internet Appliance
Salim Hariri, Mahesh Indran

A Lightweight Multi-session Synchronous Multimedia Collaborative Environment
Abdulmotaleb EI Saddik, Dongsheng Yang, Nicolas Georganas

PRISMA: A Prioritized Slotted Multiple Access Protocol for Bank Data Center LANs
M. Sklira, Andreas S. Pomportsis

Developing Strategies for our UMTS Multimedia Data Flow Adaptation Model
Safouane Sfar, Zied Choukair

Post-Restoration Strategies in ASTN-based Optical Mesh Networks
Faouzi Kamoun

Payment Security in Mobile Environment
Gianluigi Me

Fractal Addressing Management for Federated and P2P Networks
Waél A. Hassan



Mobility Impact on Mobile Ad hoc Routing Protocols
Nadjib Badache, Djamel Djenouri, Abdelouahid Derhab

Building Wireless Internet Services: State of The Art
Qusay H. Mahmoud

Advanced Research on Wireless LANs Operating at EHF Frequency Band
Larbi Talbi, Ahmed T. Denidni

Seamless Intra-Domain Handoff
D. Tandjaoui, N. Badache, A. Bouabdallah

Adaptive Quality of Service Resource Management in IP Networks
Salim Hariri, Kartik Dev.A.J, Seung Chan Oh, Jang Geun Ki, Kyou Ho Lee, Gil Young Choi

Metamodeling and Measurement for the Software Process Improvement
Félix Garcia, Francisco Ruiz, Mario Piattini

Distributed Software Process Models: An Integration Methodology
N. Lardjane, M. Ahmed-Nacer

The Mobile Unified Modeling Language for An Agent-based Bartering Software Application
Christo EI-Morr, Kassem Saleh

Dynamic Software Development: Towards Continuous Growth
Darren Dalcher, Walaa Mohamed Bakry

Evaluating Software Architectures: Development, Stability, and Evolution
Rami Bahsoon, Wolfgang Emmerich

Integrity Enforcement in Relational Systems with Active And Deductive Capabilities
Laura Mota-Herranz, Matilde Celma-Giménez

Definition of a new kind of UML Stereotype Based on OMG MetaModel
Narayan Debnath, Daniel Riesco, German Montejano, Alicia Grumelli,
Alcides Maccio, Paola Martellotto

Distributed Framework for Real Time Web Based collaboration: M7Tool CASE
Mehdi Snene, Michel Leonard

Including Workflow Concurrent Modeling in an Extension of the UML Activity Diagram Metamodel
Narayan Debnath, Daniel Riesco, German Montejano, Edgardo Acosta, Marcelo Uva

A Graphical Language for Defining Views in Object Oriented Databases
Marguerite Sayah, Andre Flory, Elias Choueiri

Timestamping Electronic Documents and Signatures
Nathanael Cottin, Maxime Wack, A. Sehili

BizArk: A Reusable E-Business Architecture based on Pattern-Oriented Technology
Ameur Touir, Hassan Mathkour, Tariq AI-Naeem

Advanced Management of Documents Integrity in an Intranet Environment
Abraham Alvarez, Richard Chbeir, Youssef Amghar



Data Quality Management Improvement
Ismael Caballero, Mufioz-Reja, Mario Piattini

A Support Toolset for the Development in a Temporal Database Environment
Mohamed Mkaouar, Rafik Bouaziz

Data Mining Techniques in Single-Column Indexes
Ying Wah Teh, Abu Bakar Zaitun

On Performance Analysis of Web Oriented Systems
Ines Chouaieb, Rana Ezzine, Kamel Barkaoui

A Taxonomy of Transformation Methods for Structured Documents
Nouhad Amaneddine , Youakim Badr

Techniques for Implementing Efficient Java Thread Serialization
Sara Bouchenak, Daniel Hagimont, Noel De Palma

Chameneos, a Concurrency Game for Java, Ada and Others
Claude Kaiser, Jean-Francois Pradat-Peyre

Specification Fragments with Defined Semantics to Support SW-Evolution
Andreas Bollin, Roland T. Mittermeir

Security Based Approach to Data Consistency in a Virtual Enterprise
Roger Atsa Etoundi , Marcel Fouda Ndjodo

Quantifying Architectural Attributes
D. M. Nassar, W. Abdelmoez, M. Shereshevsky, N. Gradetsky,
H.H. Ammar, Bo Yu, S. Bogazzi, A. Mili

Comparative Evaluation of Object Request Broker Technologies
Fadi L. Nammour, Nashat Mansour

Adaptive Electronic Technical Manuals (AETMs)
Rabih F. Kraidli, Hany H. Ammar, D. Reynolds, G. Copen

Methodology for Architecture level Hazard Analysis: a Survey
A. Hassan, K. Goseva-Popstojanova, Hany H. Ammar

On the Embedding of MDG Specification Languages in HOL
Rabeb Mizouni, Sofiene Tahar, Paul Curzon

Symbolic Model Checking for Real-Time Systems Using Difference Typed Decision Graphs
Syrine Ayadi, Riadh Robbana

A Provably Correct Functional Programming Approach to the Prototyping of Formal Z Specifications
Ali E. Abdallah, Jonathan, P. Bowen, Alexandra Barros, Jose B. Barros

Constraint Propagation versus Local Search for Incremental Temporal Constraint Problems
Malek Mouhoub

Formal Model for Flat Role-Based Access Control with Delegation
Etienne J. Khayat, Ali E. Abdallah



Using Formal Methods to Model the Dynamic Behavior of Agent-based Systems
Amir Zeid

Formal Specification of Design Patterns: A Comparison
Toufik Taibi, David Ngo Chek Ling

Promotion of Specifications
Samia Sadaoui

Timed Alternating Finite Automata
Abdelaziz Fellah, Carma Harding

Secret Key Cryptography with Cellular Automata
Albert Y. Zomaya, Franciszek Seredynski, Pascal Bouvry

Optimization of Web Application by Graph Transformations
Georg Sonneck, Thomas Mueck

Contribution to Contours Closing by a Markovian Approach
Nadia Zenati, Karim Achour

Abstract Model Checking Real-time Systems
Mustapha Bourahla, Mohamed Benmohamed

Extension of fuzzy Galois Connection for Information Retrieval Using a Fuzzy Quantifier
C.C. Latiri, S. Elloumi, J.P. Chevallet, A. Jaoua

Tabu Search for the k-Graph Partitioning Problem
Moez Hammami, Khaled Ghedira

The Resolution of the No-Idle Flow-Shop Problem
Nour El Houda Saadani, Mohamed Moalla

A Mapping Framework for EDI Message Translation
Rami Rifaieh, Nabila-Aicha Benharkat

Synthesizing Data Structure Requirements from Algorithm Specifications: Case Studies from
Recursive Subdivision for Computer Graphics and Animation
Abdulwahed Abbas, Ahmad Nasri

Using Design Patterns to Design and Manipulate Spatial Access Structure
Touir Ameur

Three-Phase Simulated Annealing Algorithms for Exam Scheduling
Nashat Mansour, Abbas Tarhini, Vaje Ishakian

Parallel Code Generation Respecting Allocation
Yosr Slama, M. Jemni, P. Feautrier

An Empirical Investigation of Simulated Annealing Applied to Property-Oriented Testing
Olfa Abdellatif-Kaddour, Pascale Thévenod-Fosse, Héléne Waeselynck

Capacities Adjustment in the Context of Contract-Order
Hend Chaabouni, Khaoula EIBedoui, Mohamed Moalla, Pierre Baptiste

On “Learning Term Rewriting Systems from Entailment”
M. R. K. Krishna Rao



Assistance for Integrating Methods Based on Conceptual Graphs
Haj Ayech Faycal, Khalfallah Adel, Ben Ahmed Samir

Correcting Faulty Conjectures by Logic Program Synthesis
M. Demba, K.Bsaies, F. Alexandre

Implementation of an Environment of Symbolic Checking Based on the TDGs
Syrine Ayadi, Yassine Lakhnech, Riadh Robbanna

Maximality-Based Symbolic Model Checking
Djamel-Eddine Saidouni, Ouassila Labbani

Verification of Duration Systems with One Preemption
Lotfi majdoub, Riadh robbana

Verification Techniques for Deadlock and Real Time Constraint Violation
Bouraoui Ouni, Nejma Sayadi, Abdellatif Mtibad, Abdelkrim Zitouni, Mohamed Abid

Enhancing Database Information Retrieval by Exploiting Uncertainty Measuring and Multiple-Valued
Decision Diagrams
Nawar Al Hakeem, Denis V. Popel

An “Almost Automatic” and Semantic Approach for Integrating XML Sources at Various
Flexibility Levels
Pasquale De Meo, Giorgio Terracina, Domenico Ursino

K-Nearest Neighbor and C4.5 Algorithms as Data Mining Methods: Advantages and Difficulties
Moawia Elfaki Yahia, Badria Abaker Ibrahim

A Hybrid Approach for Arabic Speech Recognition
H. Bahi, M. Sellami

Speaker Independent Isolated Speech Recognition For Arabic Language Using Hybrid
HMM-MLP-FCM System
Lilia Lazli, Mokhtar Sellami

A Neuro-Classification Systems for Handwritten Arabic Text
Ramzi A. Haraty, Catherine Ghaddar

Using Genetic Algorithms to Optimize the Number of Classification Rules in SUCRAGE
Amel Borgi, Herman Akdag, Fatima Ghedjati

Fuzzy Classification System for Outdoor Video Databases Retrieval
S.F. Khelifi, M. Elarbi Boudihir, R. Nourine

Web Data Accessing and the Web Searching Process
S. Petridou, G. Pallis, A. Vakali, G. Papadimitriou, A. Pomportsis

Verifying Properties of Online Adaptive Systems
Rahma Ben Ayed, Ali Mili, GuanJie Jiang, Bojan Cukic, Yan Liu

Knowledge Evaluation in Online Educational Systems
Lilia Cheniti-Belcadhi, Rafik Braham



An Overview of E-Commerce Technologies and Challenges
Mohamad Ladan

Supervised Learning using Modiffiers: Application in colorimetrics
Isis Truck, Herman Akdag

Development of Evolutionary Models for Long-Term Load of Power Plant Systems
Walid M. Aly, Alaa F. Sheta, Ahmed R. Abdelaziz,

Hybrid Connectionist Approach for Knowledge Discovery from Web Navigation Patterns
Arnaud Zeboulon, Younés Bennani, Khalid Benabdeslem

EFLE: An Environment for Generating Lingware Systems Code from Formal
Requirements Specification
B. Bouaziz, B. Gargouri, M. Jmaiel, A. Ben Hamadou

The EE-Method, An Evolutionary Engineering Developer Tool: Neural Net Case Study
A. Lehireche, A. Rahmoun

MEDINA: A Case Study for Multichannel Web Design
Paolo Paolini, Marco Speroni, MEDINA Team, Office National du Tourisme Tunisien

Multi-agent Collaboration: An E-Commerce Example
Abdelaziz Khamis, Magdy Aboul-Ela, Mohamed Atwany

Deforming Catmull-Clark Subdivision Surfaces for Computer Graphics
A. Abbas, Ahmad H. Nasri

A Robust Multi-primitive Approach for Image Mosaicing
EZzzeddine Zagrouba, Saoussen Belhassen

Using Graph Representation in Content-Based Image Retrieval
A. Hlaoui, Shengrui Wang

A Simple Sign Language Finger Spelling System
Moh'd Belal Al- Daoud

Early-Halting Criteria for Instance-Base Learning
Khalil el Hindi

Self-Stabilizing Scheduling Algorithm for Cooperating Robots
Joyce El Haddad, Serge Haddad

Test Data Generation based on Binary Search for Class-level Testing
Sami Beydeda, Volker Gruhn

Mobile-Based Support for Business Processes: Feasibility and Correctness
Roger Atsa Etoundi, Marcel Fouda Ndjodo

Arabic Speech Clustering Using a New Algorithm
Lilia Lazli, Mokhtar Sellami

Genetic Fractal Image Compression
A.Gafour, K. Faraoun, A. Lehireche

Wiener Filter in Two-Dimensional Case Applied to Corrected Images
Khireddine, K. Benmahammed



Analytic Model for MPEG-4 and H.263 Encoded Video Traces
Hakim Adiche

Objective and Cost-Efficient Approach for skin lesions Classification
Ezzeddine Zagrouba, Walid Barhoumi

A Modular Verification Methodology for D-NRI Petri Nets
J-M. llie, K. Klai, B. Zouari

ADD: Arabic Duplicate Detector
Ramzi Haraty, Ralph Varjabedian

The Adoption of Workflow Systems in a Developing Country
Zaitun Abu Baka

Fusion and Classification of Remote Sensing Images Using Fuzzy Logic
Salim Chitroub



Metamodeling and Measurement for the Software Process
Improvement

Félix Garcia, Francisco Ruiz, Mario Piattini
Alarcos Research Group. Department of Computer Science
University of Castilla-La Mancha
Paseo de la Universidad, 4
13071- Ciudad Real (Spain)

{Felix.Garcia, Francisco.RuizG, Mario.Piattini } @uclm.es

Abstract

Software development and maintenance organizations are
more and more concerned about software process assess-
ment and improvement when they are promoting the im-
provement in the quality of their final products. Software
process assessment and improvement are very complex
activities due to the great number of different aspects to be
considered. In order to manage this complexity, it is useful
to establish a conceptual architecture which includes all
the aspects necessary. This conceptual architecture must
involve the definition of the metamodels and models neces-
sary in order to carry out an assessment and improvement
process in an effective and integrated way. In this paper we
present a conceptual architecture of four abstraction levels
to represent and manage the assessment and improvement
of the software process. The management of the concepts
involved in the conceptual architecture is provided by
MANTIS-Metamod, which is a component of MANTIS, an
integral environment for the management of the Software
Maintenance Process (SMP).

Keywords

Assessment, Improvement, Conceptual Architecture,
Software Process, Measurement

1. INTRODUCTION

Research into software processes has undergone a boom
over the past few years mainly due to the growing complex-
ity of software systems. Software applications are very
complex products and, therefore, difficult to develop and
maintain. Any organization devoted to producing and main-
taining software follows a definite process. Therefore, the
software process is a process, but with particular character-
istics stemming from the special complexity of the software
products obtained. In fact, the final quality of a software
product is directly related to the way in which it is devel-
oped and maintained. This is encouraging software devel-
opment and maintenance organizations to concern about
improving processes when they are promoting improvement
in the quality of their products. To this end, a few different
initiatives to establish a reference framework for organiza-
tions to improve their products have come about. The most
noteworthy are CMM [18], CMMi [19], the ISO 15504

0-7803-7983-7/03/$17.00 ©2003 IEEE

[5;6;7] standard and, given its importance, improvement
has been included in the new family of ISO 9000:2000
standards [9;10]. These proposals promote the adoption of
a focus based on processes when a quality management
system is developed, implemented and improved.

In order to treat with the complexity of software processes,
first, it’s necessary to know all of the elements involved.
The software process may be defined as: the conjunction of
coherent policies, organizational structures, technologies,
procedures and artifacts which are necessary in order to
conceive, develop, package and maintain a software prod-
uct [2].

Given the diversity of elements involved in a software pro-
cess, the definition and management of software processes
in a organization isn’t a trivial task. One of the basic cle-
ments for successful management of software processes is
to define them correctly, based on the notion of software
process model. Numerous initiatives have sprung up on this
notion. The modeling of software processes has become a
very acceptable solution for dealing with the inherent com-
plexity of the whole software process. In related literature,
one can find diverse languages and modeling formalities,
known as “Process Modeling Languages” (PMLs), which
are aimed at precisely and clearly representing the different
elements related to a software process. In general, the fol-
lowing elements, (which are general concepts with different
notations and terms) can be identified in a software process
in the different MPLs [2]: Activity, Product, Resource and
Organizations and Roles.

Faced with the diversity of existing process modeling pro-
posals, the need for a standard software process metamodel
becomes apparent. This metamodel can serve as a common
reference and should include all of the aspects needed to
define, as semantically as possible, the way in which the
software is developed and maintained. With this aim in
mind, the Object Management Group has recently proposed
the SPEM metamodel (Software Process Engineering
Metamodel Specification) [14], which constitutes a lan-
guage for the creation of models for concrete processes in
an organization. This language is within the conceptual
framework of the OMG four level architecture based on the



MOF standard [13]. It allows the effective management of
the different concepts related to software processes on dif-
ferent levels of abstraction.

On the other hand, to support the integrated measurement in
an organization, it’s necessary to establish a measurement
framework in order to provide a common reference for the
definition and management of the different measures used
for the assessment process. To achieve this, it’s necessary
the definition of a measurement metamodel, from which it
could be possible to derive concrete measurement models.

In this article we describe a conceptual framework based on
the four conceptual level architecture of OMG for the as-
sessment and improvement of the software process. First, a
general view of the architecture is given. In Section 3 the
SPEM metamodel for the definition of process models is
described. In the next section, the importance of incorporat-
ing the measurement aspects with the definition of a meta-
model which constitutes the common reference in the or-
ganizations that want to improve their processes is ana-
lyzed. A generic metamodel for process and product meas-
urement must be established to carry this out. In Section 5 a
concrete model for the assessment and improvement of the
software process is described as a instance of the SPEM
metamodel. In the next section a tool for automatic man-
agement of this conceptual architecture is described. Fi-
nally, the conclusions and related works are presented.

2. CONCEPTUAL FRAMEWORK

The proposed conceptual framework is within the frame-
work of the MANTIS project [16], whose aim is the defini-
tion and construction of an environment for the integral
management of the software maintenance process (SMP).
MANTIS defines the way in which SMP is organized, man-
aged, measured and supported. This framework is extensi-
ble to any software process.

For the management of SMP, MANTIS integrates, among
other aspects, the people (with certain skills who carry out
certain roles in the project) the techniques (or methodolo-
gies) used by the people, the tools and activities (in which
the teams participate and that help them to be familiar with
significant targets).

Aiming to integrate all of these concepts (inherent in all
software processes) in MANTIS, a four level conceptual
architecture is defined, based on the MOF standard (Meta
Object Facility) for metamodeling based on object technol-
ogy [13] proposed by the Object Management Group
(OMG). The aim of MOF is to specify and manage meta-
data at different levels of abstraction. MOF describes an
abstract modeling language (based on the core of UML). In
Table 1 the conceptual architecture of the MOF standard
and its application in the MANTIS environment for improv-
ing the SMP, and which is extensible to any software proc-
ess, is shown:

Table 1. Conceptual Levels in MOF & MANTIS

Level | MOF MANTIS
M3 MOF-model MOF-model
(Meta-Metamodel)
M2 Meta-model Software Process Engineer-
ing Metamodel (SPEM)
M1 Model Model of Assessment and
Improvement of SMP based
on [SO 15504
M0 Data Instances of Software Proc-
ess Assessment (real-world
concrete Software assessment
projects)

In the lower level of the architecture, M0, the results of the
application of an assessment and improvement process to a
concrete software maintenance project are found. There-
fore, the data that represent the results of applying an as-
sessment process (and subsequent improvement) to mainte-
nance projects are found on this level. These results make it
possible to deduce the strong and weak points of the main-
tenance process of an organization, fundamental for apply-
ing improvement plans. The data managed at this level are
instances of the data represented in the next level up, M1.
The process model used in level M1 is based on the as-
sessment and improvement model proposed in the ISO
15504 standard. Therefore, this assessment and improve-
ment model makes up a process model and is represented
using an abstract language for the definition of any concrete
software process. In MANTIS, SPEM is used as a process
metamodel. This metamodel contains the constructors
needed to define any concrete software process model, and
therefore, it includes the abstract concepts needed to define
any element of the assessment model of ISO 15504. For
example, the generic concept of “activity” of SPEM is en-
acted in the concepts “Present the assessment results” or
“Derive a plan of action” pertaining to the concrete model
from level M1 (see Section 5).

In the last conceptual level of MANTIS, M3, all of the
metamodel process concepts are represented using the ab-
stract language MOF, which is basically made up of two
constructors: Class-MOF and Association-MOF (these are
the principle elements from our point of view, although
others do exist: package, for reuse, types of data, etc. ). In
this way, all of the concepts from level M2 are instances of
Class-MOF or Association-MOF. For example, the con-
cepts of M2 Activity, Work Product are instances of Class-
MOF, and the relations “Activity precedes Activity”, or
“Work Product precedes Work Product” are instances of
Association-MOF.

The other fundamental element of this conceptual architec-
ture is the possibility of representing these metadata, struc-
tures at different levels of abstraction, in accordance with a




format which facilitates exchange. With this goal and to
promote the portability of MANTIS, XMI (XML Meta-data
Interchange) [15], a language based on XML (eXtensible
Markup Language) [20], is used to openly represent the
defined metamodels and models according to the concep-
tual architecture of MOF.

3. SOFTWARE PROCESS ENGINEERING
METAMODEL (SPEM)

SPEM (Software Process Engineering Metamodel) is a
OMG specification in the final phase in which a generic
metamodel is described for the description of concrete
software processes. This metamodel is based on UML [12],
and therefore, on the principles of object orientation and it
serves as a template for creating concrete process models,
such as: Rational Development Unified Process (RUP), the
ISO 15504 assessment and improvement model, etc.. In the
specification SPEM is defined like a software process meta-
model and like a UML profile. Like a metamodel SPEM
specifies the minimal set of elements needed to describe
any concrete process of software development, without
including constructors for specific areas or disciplines,
making SPEM a generic metamodel. The main objective of
this specification is to attempt to make the already existing
diverse terminology in the languages of software process
modeling more homogeneous, since the same concepts are
sometimes referred to by different names.

The conceptual model of SPEM is based on the idea that a
software development process consists of the collaboration
between abstract and active entities, referred to as process
roles, that carry out operations, called activities, on tangible
entities, called work products.

The SPEM specification is composed of a set of packages
in which each of their elements is described. All of these
packages are constructed through the SPEM_Foundation
package, a sub-set of UML 14, and the
SPEM_Extensions_Package, which adds on the construc-
tors and the semantics needed for the software process en-
gineering. SPEM is basically structured in 5 packages that
are:

e Basic Elements. In this package the basic elements
needed to describe processes are included They are:
External Description, which contains a description of
the elements of the model and Guidance which are as-
sociated with each model element and provide more
detailed information for the process performers.

¢ Dependences. This package contains the following
dependences defined in SPEM: Categorizes, which is a
relation directed from a determined package to a proc-
ess element corresponding to another package. It pro-
vides a means for associating multiple categories to the
process elements; Impacts that relates work products,
and indicates that one work product could invalidate

another; /mport, which has the same semantics as the
Import element of ULM, with the difference being that
all of the elements have public visibility in SPEM; Pre-
cedes, which is a relationship between activities or be-
tween work definitions and it indicates “beginning-
beginning”, “end-beginning” or “end-end” depen-
dences between these elements depending on the value
of their kind attribute; Refers to that relates process
elements and indicates whether or not they are included
in the same process component; and 7race which is a
relationship between Work Definitions and it has the
same semantics as the Trace relation in UML.

Process Structure. The main structural elements
through which a process description is constructed are
described in this package. In the Figure 1 the compo-
nents of this package are represented. The main ele-
ments of this package are: WorkProduct or artifact,
which is anything that is produced, consumed or modi-
fied by a process. It could be a document, a model,
source code, etc..; Work Definition which is an not ab-
stract operation that describes the work carried out in a
process. They have explicit inputs and outputs referred
to via Activity Parameter constructor; Activity which is
the main subclass of Work Definition and it describes a
part of work carried out by a process role such as tasks,
operations and actions that a determined role carries
out or helps. An activity can be made up of a set of
atomic elements called Steps; Process Reformer, which
describes the one responsible for carrying out a set of
Work Definitions that make up a process and Process
Role that is a subclass of Process Performer and it de-
scribes the responsibilities associated to Work Products
and defines the roles that are carried out and help in
specific activities.

i}
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Figure 1. SPEM Structure Process Package



e Process Components. This package contains the ele-
ments needed to divide one or more process descrip-
tions into self-contained parts upon which configura-
tion management processes or version controls can be
applied.

¢  Process Life Cycle. This package includes the process
definition elements that help to define how the proc-
esses will be executed. They describe or restrict the be-
havior of the process to be carried out and they are
used to help plan, execute and monitor the process.
With these elements the order of the execution process
is established and it is possible to define the iterations
and phases of the process.

In short, SPEM makes the software process integrated man-
agement within the proposed conceptual architecture easier,
since the concepts of the different models are grouped un-
der a common terminology.

4. Incorporation of measurement in the conceptual
architecture

A fundamental element to be taken into consideration when
modeling processes is the possibility of defining objective
indicators that allow a software organization to assess and
improve its processes in an efficient way. To do so, it is
vital to establish a framework of process measurement. A
good base for developing a measurement process is the one
provided by the standard ISO 15504, In Figure 2 the frame-
work of process measurement of the [SO 15504 norm is
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they are used to measure the needs of an organization.
These metrics make up the objective base to be able to
quantitatively indicate what can be expected from a certain
process. In this manner, it is possible to know in function
of the value of these associated indicators whether or not a
process improvement will be needed.

Besides, it is very important for an organization wishing to
introduce an effective measuring process to be able to pre-
cisely define concrete measuring models. These, when sup-
ported by concrete tools, allow for the appropriate and nec-
essary automation for process assessment. The majority of
the problems in collecting data on a measurement process
are mainly due to a poor definition of the software measures
being applied. Therefore, it is important not only to gather
the values pertaining to the measurement process, but also
to appropriately represent the metadata associated to this
data. In Kitchenham et al. [11] a method for the specifica-
tion of measurement models is defined with the aim of cap-
turing the definitions and relationships between software
measurements. The proposed framework is made up of
three levels of abstraction for measurement, starting form a
generic measurement model and moving up to automation
of the gathering of metric values on a project level. This
idea of abstraction is fundamental to be able to integrate the
measurement process effectively into the organization.

Therefore, it is very convenient to introduce a generic meta
model for measurement, making it possible to derive con-
crete measurement models that make up the base for as-
sessment and improvement processes in an organization. In
Figure 3 our proposal for a measurement metamodel based
on the ISO 15939 [8] standard is represented in UML.

Figure 2 Framework of Software Process Measure-
ment according to ISO 15504

As can be observed in the Figure 2, it is necessary to define
process metrics to satisfy certain business objectives and
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As can be observed in Figure 3, from the point of view of
measurement, the elements on which properties can be
measured are “Entities”. An entity is an object (for exam-
ple, a process, product, project or resource) that can be
characterized through the measurement of its “Measurable
Attributes” which describe properties or characteristics of
entities, which can be distinguished quantitatively or quali-
tatively by human or automatic means. The aim of attributes
is to satisfy specific information needs such as, “the need to
compare software development productivity with respect to
a determined value”. This abstract relation between attrib-
utes and information needs is represented by the element
called “Measurable Concept”, that, in this case, would be
“productivity ratio of software development”. As measur-
able attributes, attributes of the developed product size or
of development effort could be used.

All measurable attributes are associated to a metric, which
is an abstraction of the different types of measurements
used to quantify and to make decisions concerning the enti-
ties. All metrics are associated to a unit of measure (for
example, code lines), which at the same time pertain to a
determined scale. In accordance with the standard, the 4
scales distinguished are: nominal, ordinal, interval and ra-
tio, although other classifications can be established like in
Kitchenham et al. [11]. The three types of metrics are:

¢ Base Measurement, defined in function of an attribute
and the method needed to quantify it (a measurement is
a variable to which a value is assigned).

e Derived Measurement, a defined measurement in
function of two or more values of base measurements.

¢ Indicator, a measurement that provides an estimate or
assessment of specific attributes derived from a model
with respect to information needs. The indicators are
the base for analysis and decision making. These
measurements are the ones that are presented to the us-
ers in charge of the measurement process.

The procedures for calculating each of the metric types are:

e The values of the base measurements are reached with
“Measurement Methods” that consist of a logical se-
quence of operations, generically described, used to
quantify an attribute with respect to a specific scale.
These operations can imply activities such as, counting
occurrences or observing the passing of time. The same
measurement method can be applied to multiple attrib-
utes.

e The derived measurements are obtained by applying a
“Measurement Function”, which is an algorithm or
calculation carried out to combine two or more base
measurements. The scale and unit of the derived meas-
urement depend on the scales and units of the base
measurements.

o  The indicators are obtained with an “Analysis Model”.
An analysis model produces estimates and assessments
relevant to the defined information needs. It consists of
am algorithm or calculation that combines one or more
base measurements and/or derivates with determined
decision-making criteria. All decision-making criterion
is composed of a series of limit values or used objects
for determining the need to research, or to describe the
confidence level with regard to a determined result.
These criteria help to interpret the measurement results.

Using this reference metamodel it is possible to measure
any element of a process or data model. For example, meta-
model elements are not explicitly identified in SPEM (only
one metric can be included as a kind of Guidance) for
measurement. Thus, with the incorporation of this meas-
urement extension to the SPEM metamodel, the possibility
of specifying which metrics will be associated to the proc-
ess characteristics (activities or work products or some
other measurable entity) arises for defining concrete proc-
ess models. If we apply this metamodel to the elements of
the SPEM model, we could measure important elements
like the class Activity, and the classes Work Product and
Process Performer. These elements of the model have a set
of measurable attributes, such as for an activity: “the num-
ber of activities with which there is a precede type depend-
ence”. This attribute would be calculated with a metric to
satisfy an information need like “Evaluate the software
process coupling” and, in this case, the unit of measure
would be of “Ratio” type. In this way, the work of an as-
sessment and improvement process is eased, since the ful-
fillment of the software processes carried out in a deter-
mined organization are quantitatively registered.

5. Model for the Software Process Assessment
and Improvement

Once a process metamodel has been defined, it is possible,
based on this metamodel, to describe concrete process
models in an organization. In this work a concrete model
for assessment and improvement based on the ISO 15504
[5;6;7] standard is proposed. This norm defines a bi-
dimensional reference model for describing processes
through the assessment of their attributes, which are struc-
tured at different capacity levels. The dimensions consid-
ered in the norms are: the process dimension, in which the
measurable objectives that should reach each process and
their functionality are defined, and the capability dimen-
sion, based on assessing a set of attributes associated to
each process to determine its capacity, necessary for its
management and improvement. ISO 15504 provides the
guide for carrying out a software assessment process and a
method for continuously carrying out software improve-
ments.



So that an organization can improve its processes, their
strong and weak points must be previously identified, mak-
ing necessary an assessment process. The ISO 15504 norm
provides the guide needed for an organization to carry out
assessment and improvement processes. The use of this
guide along with the definition of effective measurement
models greatly facilitates the execution of an assessment
and improvement process. In the Figure 4 the relationship
between these processes according to ISO 15504 shown:

SPEM (M2) | M2 Instances (M1 Elements
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Figure 4. Software Process Assessment and Im-
provement according to ISO 15504

There is a strong relation between the assessment and im-
provement processes. For an organization to apply an im-
provement plan, it must first develop an assessment model
that allows for identification of the aspects of the processes
that need to be improved. Next, the elements of the assess-
ment and improvement model proposed in this paper in
accordance with the SPEM metamodel will be briefly rep-
resented in the Table 2:

Table 2. Mapping between SPEM and Concrete As-
sessment and Improvement Model based on ISO 15504

SPEM (M2) | M2 Instances (M1 Elements)

Lyfecycle Assement and Improvement 150 15504
Phase Brocess Assessment

Process Improvement
Activity Reviewins the assessment input

Selecting the Process Instances

Prepating for a team-based assessment
Collecting and verifying information
Determining the Actual Ratings for Process lnstances
Determining derived ratinos

Validatine the ratings

Presenting the assessment output

Examine the organization's needs and business goals
Initiate process improvement

Prepare for and conduct a process assessment
Analyse assessment output and derive action plan
Implement improvements

Confirm improvements

As can be seen in the Table 2, the concrete elements that
make up the proposed assessment and improvement model
are defined with SPEM constructors.

This model provides the formal basis to carry out an effec-
tive assessment and improvement process and, with the
integration of this model in the four level conceptual archi-
tecture, it’s possible to adapt it easily and interchange it
with other companies within the same domain.

6. Tool for the automatic management of the con-
ceptual architecture

As support to this conceptual architecture the tool
MANTIS-METAMOD [4] has been developed. The aim of
this tool is effectively managing the metadata at different
levels of abstraction, using an intuitive and simple way of
working with the correspondences between different levels
and being able to openly represent these metadata for ex-
change. The structure of the tool is the following:

For the entrance of user data, the main components of the
application are composed by and model and metamodel
administrator, and by window systems that allow for a vis-
ual description of the different projections of such models
and metamodels. For example, the main elements comply-
ing with the projection between levels M3-M2 are a meta-
model administrator and a windows system that permits a
visual description of the classes which are the core of the
MOF model (Package, Class, Type of Data, Attribute, Op-
eration, Reference, Association, End of Association and
Restriction). The metamodel administrator, as well as the
associated windows system that allows us to describe the
classes of the MOF metamodel can be seen in the Figure 5.
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Figure 5. MANTIS-Metamod interface

The models defined by the user through the interface are
validated and internally represented according to the hierar-
chy of classes of the MOF model.

To store the metadata the tool uses a metadata storage man-
ager [17] which store them according to the XMI standard
[15]. Using XMI, it is possible for the information on mod-
els and metamodels to be exchanged between tools that use
this open format. This greatly increases the capacity for
integration with other tools and environments. The storage
manager is designed to:

e  Store the MOF models defined in the tool in a metadata
local repository in XMI

e Import metamodels

The repository manager provides the application with two
basic services: storage and importation of metamodels that
are stored in a metadata repository represented in XMI.
With the use of XMI it’s possible the interchange of the
models (like the model of assessment and improvement
proposed) and metamodels (like SPEM) with other organi-
zations, which increases the capacity of the tool.

7. Conclusions and Further Works

In this paper a conceptual architecture based on the MOF
standard for the effective management of the software proc-
ess assessment and improvement has been presented. The
assessment and improvement model based on ISO 15504
has been integrated into this architecture, defined with the
SPEM metamodel constructors. Moreover, a generic meas-
urement metamodel is proposed as an extension to the
above-mentioned metamodel to incorporate the measure-
ment process with the aim of providing an integrated
framework for the assessment process. This architecture is

being used in the MANTIS environment to apply the con-
cepts of the software maintenance process assessment and
improvement.

Given the diversity of the existing proposals on metamodel-
ing of software processes [1], the need for a conceptual
architecture on 4 levels that allows for effective and flexible
incorporation of new elements to the defined metamodels or
models is apparent.

Our main objective with the framework proposed is to pro-
vide integration support for two of the four key
responsibilities of software process management [3] which
are fundamental to improve the software process:

¢ Define the Process, for which a generic metamodel is
used. With SPEM, companies can define their software
processes in a standard way.

e  Measure the Process. To provide an integrated frame-
work for the measurement process a
measurement metamodel based on 1SO 15939 has been
incorporated to the conceptual architecture. With this
metamodel, a company could define all its concrete
measurement models in an integrated way by using the
same constructors.

Among future lines of research, it is worthwhile to mention:

¢ Refinement and improvement of a software process
assessment model through definition, verification and
validation of a set of software process models metrics.

e  Description of concrete measurement models, through
the generic metamodel of the measurement proposed,
to effectively support software process assessment.

¢ Development of a tool for the management of the
measurement process in an integrated way using the
measurement metamodel based on ISO 15939 pro-
posed.
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