PUC-RIo - Certificacdo Digital N° 0711311/CA

" Rewarhl "

Milene Serrano

Reuse-Oriented Approach for Incremental and Systematic
Development of Intentional Ubiquitous Applications

Tese de Doutorado

Thesis presented to the Postgraduate Program in
Informatics of the Departamento de Informatica PUC-
Rio, as partial fulfillment of the requirements for the
degree of Doutor em Informatica.

Advisor: Prof. Carlos José Pereira de Lucena

Rio de Janeiro
March 2011


DBD
PUC-Rio - Certificação Digital Nº 0711311/CA


PUC-RIo - Certificacdo Digital N° 0711311/CA

Milene Serrano

Reuse-Oriented Approach for Incremental and Systematic

Development of Intentional Ubiquitous Applications

Thesis presented to the Postgraduate Program in
Informatics of the Departamento de Informatica do Centro
Técnico Cientifico da PUC-Rio, as patrtial fulfillment of the
requirements for the degree of Doutor em Informética.

Prof. Carlos José Pereira de Lucena
Advisor
Departamento de Informatica — PUC-Rio

Prof. Julio Cesar Sampaio do Prado Leite
Departamento de Informética — PUC-Rio

Prof. Hugo Fuks
Departamento de Informatica — PUC-Rio

Prof(a). Vera Maria Benjamim Werneck
Departamento de Informética e Ciéncia da Computacéo — UERJ

Prof. Mariano Gomes Pimentel
Departamento de Informatica Aplicada — UNIRIO

Prof. José Eugenio Leal
Coordinator of the Centro Técnico Cientifico — PUC-Rio

Rio de Janeiro, 31 March 2011


DBD
PUC-Rio - Certificação Digital Nº 0711311/CA


PUC-RIo - Certificacdo Digital N° 0711311/CA

All rights reserved.

Milene Serrano

Milene Serrano completed her undergraduate studies in
Computer Engineering (2001) and received her Masters
degree in Computer Science (2003) from the Universidade
Federal de Sao Carlos (UFSCar) - grantee of:
CAPES/Master (Scholarship award). She worked at Apyon
Studio Project (2005-2006) — grantee of: FAPESP TTI level
4 (Scholarship award) — by developing a model of
dependencies to deal with business rules and their financial
impact on software maintenance. During her PhD — grantee
of: CAPES/PhD (Scholarship award) — at Pontificia
Universidade Catélica do Rio de Janeiro (PUC-Rio), under
the supervision of Professor Carlos José Pereira de Lucena,
she had cooperative period at University of Toronto (UofT),
under the supervision of Professor John Mylopoulos —
grantee of: CNPq/SWE/PhD (Scholarship award). She has
experience in Software Engineering and Requirements
Engineering by focusing on the paradigms: Multi-Agent
Systems, Ubiquitous Computing, Goal-Orientation and
Software Reuse.

Bibliographic data

Serrano, Milene

Reuse-oriented approach for incremental and
systematic  development of intentional ubiquitous
applications / Milene Serrano; advisor: Carlos José Pereira
de Lucena. —2011.

228 f.: il. (color.) ; 30 cm

Tese (doutorado) — Pontificia Universidade Catolica do
Rio de Janeiro, Departamento de Informatica, 2011.

Inclui bibliografia

1. Informatica — Teses. 2. Engenharia de Software.
3. Desenvolvimento Incremental e  Sisteméatico.
4. Intencionalidade. 5. Computacdo Ubiqua. 6. Sistemas
Multi-Agentes. 7. Engenharia de Dominio das Aplicagdes
Ubiquas. 8. Engenharia de Aplicagbes Ubiquas. 9.
Reutilizagdo de Software. I. Lucena, Carlos José Pereira
de. Il. Pontificia Universidade Catdlica do Rio de Janeiro.
Departamento de Informatica. . Titulo.

CDD: 004



DBD
PUC-Rio - Certificação Digital Nº 0711311/CA


PUC-RIo - Certificacdo Digital N° 0711311/CA

To My Beloved Family:

My Mom Elizabeth,

My Dad Anténio,

My Sister Gabriela,

My Dear Husband Mauricio,

My Mother-in-Law Dona Elizabeth,

My Father-in-Law Senhor Edson (in memoriam), and
My Sisters-in-Law Adriana and Mariana.


DBD
PUC-Rio - Certificação Digital Nº 0711311/CA


PUC-RIo - Certificacdo Digital N° 0711311/CA

Acknowledgments

My most special thanks to my Advisor, Professor Carlos José Pereira de Lucena,
for his dedication, cooperation, encouragement and guidance during the

development of this research.
Very special thanks to my Family for the tenderness, commitment and affection.

Many thanks to Professors Julio Cesar Sampaio do Prado Leite, John Mylopoulos
and Eric Yu for their important contributions as well as for the opportunity to
work as a Visiting Research in the Department of Computer Science at the

University of Toronto during my PhD.

I am also grateful to my Friends of PUC-Rio for their collaboration and

friendship.

My sincere thanks to all Professors and Staff of PUC-Rio for their assistance,
especially Professor Arndt von Staa, Vera Sotero, Regina Maria Zanon, Tereza

Cristina Moura, Rosane Teles Castilho and Luis Fernando Barbosa.

Many thanks to Professors Hugo Fuks, Vera Maria Benjamim Werneck and
Mariano Gomes Pimentel for their participation in my Doctoral Thesis

Committee.

Finally, thanks to the sponsors CAPES and CNPq for the financial support.


DBD
PUC-Rio - Certificação Digital Nº 0711311/CA


PUC-RIo - Certificacdo Digital N° 0711311/CA

Resumo

Serrano, Milene; Lucena, Carlos José Pereira de. Abordagem Orientada a
Reutilizacdo de Software para Desenvolvimento Incremental e
Sistematico de Aplicacoes Ubiquas Intencionais. Rio de Janeiro, 2011.
228p. Tese de Doutorado - Departamento de Informadtica, Pontificia
Universidade Catélica do Rio de Janeiro.

Aplicacdes ubiquas estdo inseridas em ambientes inteligentes integrados ao
mundo fisico e compostos de usudrios com diferentes preferéncias, dispositivos
heterogéneos e varios provedores de servico e conteudo. Além disso, essas
aplicacdes sdo especializadas em oferecer servigcos e conteidos em qualquer lugar
e momento, auxiliando os usuarios em suas atividades didrias sem incomoda-los.
Baseado nesse mundo idealizado, o paradigma “em qualquer lugar e momento”
impde alguns desafios para a comunidade de Engenharia de Software, tais como:
heterogeneidade de dispositivos, ambientes distribuidos, mobilidade, satisfacdo de
usuario, adaptacdo de conteido, ‘“sensibilidade” de contexto, privacidade,
personalizacdo, transparéncia, invisibilidade e constante evolucdo das tendéncias
tecnoldgicas. Visando lidar com esses novos desafios tecnolégicos, é proposta
uma abordagem orientada a reutilizacio de software para desenvolvimento
incremental e sistematico de aplicagdes ubiquas intencionais. Foram escolhidos
dois principais objetivos para conduzir a pesquisa dessa tese: (i) a construcao de
conjuntos de apoio, orientados a reutilizacdo de software, com base em uma
investigacdo detalhada de aplicacdes ubiquas e do paradigma de Sistemas Multi-
Agentes Intencionais — ou seja, Desenvolvimento para Reutilizacdo; e (ii) o
desenvolvimento incremental e sistematico de aplicagdes ubiquas, dirigidas por
Sistemas Multi-Agentes Intencionais, com base na abordagem orientada a
reutiliza¢do de software — ou seja, Desenvolvimento com Reutiliza¢do. Algumas
contribui¢cdes do nosso trabalho sdo: (i) uma arquitetura orientada a reutilizacio de
software e baseada nos conjuntos de apoio — i.e. blocos de construgio
principalmente compostos de modelos conceituais, frameworks, padrdes e
bibliotecas — obtidos a partir da Engenharia de Dominio das Aplicagées Ubiquas;
(i1) uma Engenharia de Aplicacées Ubiquas orientada a reutilizacdo de software
visando o desenvolvimento incremental e sistemético de aplicacdes ubiquas com
base nos blocos de construgdo propostos; (iii) um modelo de raciocinio focado em

regras condicionais de l6gica nebulosa e no modelo “Crenga-Desejo-Intencao”
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para melhorar a capacidade cognitiva dos agentes; (iv) um mecanismo especifico,
baseado em agentes intencionais, para lidar com questdes de privacidade,
balanceando privacidade e personalizacio bem como transparéncia e
invisibilidade; (v) um catdlogo que graficamente apresenta os principais requisitos
ndo-funcionais ubiquos, as interdependéncias entre eles e formas de se
operacionalizd-los com base na combinacdo de tecnologias tradicionais e
emergentes; (vi) ontologias para permitir a constru¢do dinamica de interfaces e
melhorar a comunicagao e inter-operabilidade dos agentes de software; e (vii) um
modelo de banco de dados dindmico para carregar e recuperar os perfis ubiquos
(ex. perfis de usudrio, dispositivo, rede e contrato), melhorando o gerenciamento
de dados em tempo de execucdo. A abordagem proposta foi avaliada
desenvolvendo diferentes aplicacdes ubiquas (ex. aplica¢des ubiquas de comércio

eletronico e de clinica odontoldgica).

Palavras-chave

Engenharia de Software, Desenvolvimento Incremental e Sistemdtico,
Intencionalidade, Computacdo Ubiqua, Sistemas Multi-Agentes, Engenharia de
Dominio das Aplicacdes Ubiquas, Engenharia de Aplicagdes Ubiquas,

Reusabilidade de Software
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Abstract

Serrano, Milene; Lucena, Carlos José Pereira de. Reuse-Oriented
Approach for Incremental and Systematic Development of Intentional
Ubiquitous Applications. Rio de Janeiro, 2011. 228p. Doctoral Thesis -
Departamento de Informética, Pontificia Universidade Catélica do Rio de
Janeiro.

Ubiquitous applications are embedded in intelligent environments integrated
into the physical world and composed of users with different preferences,
heterogeneous devices and several content and service providers. Moreover, they
focus on offering services and contents anywhere and at any time by assisting the
users in their daily activities without disturbing them. Based on this idealized
world, the “anywhere and at any time” paradigm poses some challenges for the
Software Engineering community, such as: device heterogeneity, distributed
environments, mobility, user satisfaction, content adaptability, context awareness,
privacy, personalization, transparency, invisibility and constant evolution of
technological trends. In order to deal with these new technological challenges, we
propose a Reuse-Oriented Approach for Incremental and Systematic Development
of Intentional Ubiquitous Applications. We have chosen two main goals that drive
our research in this thesis: (i) the construction of reuse-oriented support sets based
on an extensive investigation of ubiquitous applications and the Intentional-Multi-
Agent Systems paradigm — i.e. Development for Reuse; and (ii) the incremental
and systematic development of Intentional-Multi-Agent-Systems-driven
ubiquitous applications based on the reuse-oriented approach — i.e. Development
with Reuse. Some contributions of our work are: (i) a reuse-oriented architecture
centered on support sets — i.e. building blocks mainly composed of conceptual
models, frameworks, patterns and libraries — obtained from the Domain
Engineering of Ubiquitous Applications; (ii) a reuse-oriented Ubiquitous
Application Engineering for incremental and systematic development of
intentional ubiquitous applications centered on the proposed building blocks; (iii)
a reasoning engine focused on fuzzy conditional rules and the Belief-Desire-
Intention model to improve the agents’ cognitive capacity; (iv) a specific
mechanism based on intentional agents to deal with privacy issues by balancing
privacy and personalization as well as transparency and invisibility; (v) a

catalogue that graphically presents the main ubiquitous non-functional
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requirements, their interdependencies and ways to operationalize them based on
the combination of traditional and emergent technologies; (vi) ontologies to allow
the dynamic construction of interfaces and to improve the communication and
inter-operability of software agents; and (vii) a dynamic database model to store
and retrieve the ubiquitous profiles (e.g. user, device, network and contract
profiles) by improving the data management “on the fly”. The proposed approach
was evaluated by developing different ubiquitous applications (e.g. e-commerce

and dental clinic ubiquitous applications).

Keywords
Software Engineering, Incremental Systematic Development, Intentionality,
Ubiquitous Computing, Multi-Agent Systems, Domain Engineering of Ubiquitous

Applications, Ubiquitous Application Engineering, Software Reuse
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Architectural Design (Discipline)

ADF - Agent Definition File

AMS - Agent Management System (i.e. White Pages)

BDI - Belief Desire Intention

C&L - Cenérios e Léxico (in english: Scenarios and Lexicon)

CC/PP - Composite Capability/Preference Profiles

DAO - Data Access Object

DD (Models) or DD (Discipline) - Detailed Design (Models) or Detailed
Design (Discipline)

DF - Directory Facilitator (i.e. Yellow Pages)

DQDB - Distributed Queue Dual Bus

ER (Models) or ER (Discipline) - Early Requirements (Models) or Early
Requirements (Discipline)

FIPA - Foundation for Intelligent Physical Agents

GAIA - Geographically-Aware Intelligent Agents

GORE - Goal-Oriented Requirements Engineering

GPRS - General Packet Radio Service

GUI - Graphical User Interface

HQL - Hibernate Query Language

| (Discipline) - Implementation (Discipline)

i* - iStar or Distributed Intentionality

IDE - Integrated Development Environment

IFCAUC - Intentional Framework for Content Adaptation in Ubiquitous
Computing Systems

JADE-LEAP - Java Agent Development Environment-Lightweight
Extensible Agent Platform

JADEX - Java Agent Development Environment eXtension

JCC - Jadex Control Center
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JCP - Java Community Process

Jme or Java ME - Java micro edition

Jse or Java SE - Java standard edition

LR (Models) or LR (Discipline) - Late Requirements (Models) or Late
Requirements (Discipline)

MAS - Multi-Agent System

MIDP - Mobile Information Device Profile

MVC - Model View Controller

NFR - Non-Functional Requirements

OME - Organization Modelling Environment

PDA - Personal Devices Assistant

PJAVA - Personal JAVA

RUP - Rational Unified Process

SADT - Structured Analysis and Design Technique

SD - Strategic-Dependency

SIG - Softgoals Interdependency Graphs

SMDS - Switched Multimegabit Data Services

SOA - Service-Oriented Architecture

SONET - Synchronous Optical NETwork

SOUPA - Standard Ontology for Ubiquitous and Pervasive Applications

SR - Strategic-Rationale

T (Discipline) - Test (Discipline)

TROPOS - from trepo in Greek, which means "turning or adopting a new
manner"

UML - Unified Modeling Language

UMTS - Universal Mébile Telecommunication System

URL - Uniform Resource Location

WAP - Wireless Application Protocol

Windows CE - Windows Embedded Compact

WURFL - Wireless Universal Resource FiLe

XML - eXtensible Markup Language
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