Javier Garzas & Mario Piattini

OBJECT-ORIENTED
DESIGN
KNOWLEDGE

Principles, Heuristics

and Best Practices

-
r Lh..h
. ‘id0.%
Y
i
5
%p N
.'i. r.
.-. ..-"I

— Ve S
P b @\\\\*\?
- — K S
i E -
- 1 s, |
- = -



Object-Oriented

Design Knowledge:
Principles, Heuristics and
Best Practices

Javier Garzas
Oficina de Cooperacion Universitaria (OCU) S.A., Spain

Mario Piattini
University of Castilla - La Mancha, Spain

IDEA GROUP PUBLISHING
Hershey « London « Melbourne ¢ Singapore


http://www.pdfcomplete.com/1002/2001/upgrade.htm

Acquisitions Editor: Michelle Potter

Development Editor: Kristin Roth

Senior Managing Editor: Jennifer Neidig
Managing Editor: SaraReed

Copy Editor: April Schmidt
Typesetter: Marko Primorac
Cover Design: Lisa Tosheff

Printed at: Yurchak Printing Inc.

Published in the United States of America by
Idea Group Publishing (an imprint of Idea Group Inc.)
701 E. Chocolate Avenue
Hershey PA 17033
Tel: 717-533-8845
Fax: 717-533-8661
E-mail: cust@idea-group.com
Website: http://www.idea-group.com

and inthe United Kingdom by
Idea Group Publishing (an imprint of Idea Group Inc.)
3 Henrietta Street
CoventGarden
LondonWC2E8LU
Tel: 44 20 7240 0856
Fax: 44 20 7379 0609
Web site: http://www.eurospanonline.com

Copyright © 2007 by Idea Group Inc. All rights reserved. No part of this book may be reproduced, stored or
distributed in any form or by any means, electronic or mechanical, including photocopying, without written
permission from the publisher.

Product or company names used in this book are for identification purposes only. Inclusion of the names of the
products or companies does not indicate a claim of ownership by IGI of the trademark or registered trademark.

Library of Congress Cataloging-in-Publication Data
Library of Congress Cataloging-in-Publication Data

Object-oriented design knowledge : principles, heuristics, and best practices/ Javier Garzas and Mario Piattini,
editors.
p. cm.

Summary: "The software engineering community hasadvanced greatly in recent yearsand we currently have
numerous defined items of knowledge, such as standards, methodologies, methods, metrics, techniques, languages,
patterns, knowledge related to processes, concepts, etc. The main objective of this book is to give a unified and
global vision about Micro-Architectural Design Knowledge, analyzing the main techniques, experiences and
methods"--Provided by publisher.

ISBN 1-59140-896-2 (hardcover) -- ISBN 1-59140-897-0 (softcover) -- ISBN 1-59140-898-9 (ebook)
1. Object-oriented methods (Computer science) 2. Object-oriented programming (Computer science) 1. Garzas,
Javier, 1975- 11. Piattini, Mario, 1966-
QA76.9.035.0244 2006
005.1'17--dc22
2006010089

British Cataloguing in Publication Data
A Cataloguing in Publication record for this book is available from the British Library.

Allwork contributed to this book is new, previously-unpublished material. The views expressed in this book are
those of the authors, but not necessarily of the publisher.



Object-Oriented
Design Knowledge:

Principles, Heuristics
and Best Practices

Table of Contents

(28 (=Y = Yo TR PTTPTR

Chapter |
The Object-Oriented Design Knowledge........ccoooveviiiiiiniieiiieee
Javier Garzés, Oficina de Cooperacién Universitaria (OCU) S.A.,
Spain
Mario Piattini, University of Castilla - La Mancha, Spain

Chapter 11
The Object-Oriented Design Knowledge Ontology ........cccoovviveveivanenne
Javier Garzés, Oficina de Cooperacion Universitaria (OCU) S.A.,
Spain
Mario Piattini, University of Castilla - La Mancha, Spain

Chapter 111
Using Linguistic Patterns to Model Interactions.........c..cccocooviiiiiinnnnes
Isabel Diaz, Central University of Venezuela, Venezuela
Oscar Pastor, Technical University of Valencia, Spain
Lidia Moreno, Technical University of Valencia, Spain
Alfredo Matteo, Central University of Venezuela, Venezuela



Chapter IV
A Framework Based on Design Patterns: Implementing UML
Association, Aggregation and Composition Relationships in

the Context of Model-Driven Code Generation ........ccccceevvevveivveernnne,

Manoli Albert, Universidad Politécnica de Valencia, Spain

Marta Ruiz, Universidad Politécnica de Valencia, Spain

Javier Mufioz, Universidad Politécnica de Valencia, Spain

Vincente Pelechano, Universidad Politécnica de Valencia,
Spain

Chapter V

Design Patterns as Laws of Quality .........cccccovviiiiiiiiiiiie e

Yann-Gaél Guéhéneuc, University of Montreal, Canada
Jean-Yves Guyomarc’h, University of Montreal, Canada
Khashayar Khosravi, University of Montreal, Canada
Houari Sahraoui, University of Montreal, Canada

Chapter VI

Automatic Verification of OOD Pattern Applications ...........c..c.ccoc.....

Andrés Flores, University of Comahue, Argentina
Alejandra Cechich, University of Comahue, Argentina
Rodrigo Ruiz, University of Comahue, Argentina

Chapter VII

From Bad Smells to Refactoring: Metrics Smoothing the Way .........

Yania Crespo, Universidad de Valladolid, Spain

Carlos Lopez, Universidad de Burgos, Spain

Maria Esperanza Manso Martinez, Universidad de Valladolid,
Spain

Raul Marticorena, Universidad de Burgos, Spain

Chapter VIII
Heuristics and Metrics for OO Refactoring: A Consolidation and

Appraisal of CUFTeNt ISSUES ........ccccveiiiiiiiiieic e

Steve Counsell, Brunel University, UK
Youssef Hassoun, University of London, UK
Deepak Advani, University of London, UK

Chapter IX

A Survey of Object-Oriented Design Quality Improvement..............

Juan José Olmedilla, Almira Lab, Spain



Chapter X

A Catalog of Design Rules for OO Micro-Architecture ..........c.......... 307
Javier Garzas, Oficina de Cooperacion Universitaria (OCU) S.A.,
Spain

Mario Piattini, University of Castilla - La Mancha, Spain

ADOUL The AUTNOTS .ooeeieeeeeeeeeee ettt ettt n e 349



Vi

Preface

In order to establish itself as a branch of engineering, a profession must under-
stand its accumulated knowledge. In addition, software engineering as a branch
of engineering must take several basic steps in order to become an established
profession, highlighting understanding of the nature of its knowledge.

Software engineering experts always have used proven ideas. Concretely, in
the object-oriented (OO) design knowledge field, the practical experience of it
has been crucial to software engineers, and it is in the last years when these
ideas, materialized in items such as patterns or refactorings have reached their
biggest popularity and diffusion. And in this regard, the software engineering
community has advanced greatly and we currently have numerous and defined
chunks of knowledge, including standards, methodologies, methods, metrics,
techniques, languages, patterns, knowledge related to processes, concepts, and
so forth. Although these different areas of knowledge relate to the construction
of an OO system, there is a lot of work still to be done in order to systematize
and offer this knowledge to designers in such a way that it can be easily used in
practical cases.

A software architecture is a description of the subsystems and components of
a software system and relationships between then.* Usually, the software ar-
chitecture is subdivided into macro and micro architecture. Whereas macro
architecture describes the metamodel of design, this that provides the high-
level organization, the micro architecture describes details of a design at a lower
level.
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OO design is a software design technique, which is expressed in terms of ob-
jects and relationships between those; at the level of micro architecture it in-
cludes elements such as classes, its relationships, responsibilities, refactorings,
and so on.

OO micro architectural knowledge is built upon design experiences, such as
problem solving, or lessons learned. Therefore, the OO micro architectural de-
sign knowledge has grown with time and the increasing complexity of soft-
ware. This knowledge expands and accumulates when it is stored in books and
other media for the use of designers.

In addition, the major part of OO design knowledge is difficult to identify and
use. The experience has demonstrated that design often omits common prin-
ciples, heuristics, and so on, with a consequent major loss of experience. Con-
sequently, actually, serious difficulties are still encountered when we tackle the
construction of OO systems. Although designers have accumulated a body of
knowledge that they apply during these processes, this is very implicit. Fortu-
nately, it is now being specified and popularized in different forms: principles,
heuristics, patterns, and more recently, refactoring techniques. However, today,
the difference between these concepts is generally unclear and not all of them
have received the same amount of attention or have reached the same degree
of maturity. In addition, a strong knowledge does not exist on items such as
design principles, best practices, or heuristics. The problem confronting the
designer is how to articulate all this explicit knowledge and to apply it in an
orderly and efficient way in the OODA, in such a way that it is really of use to
him or her. In fact, in practice, even such advanced subjects like OO patterns
have this problem

Design knowledge and best practices are stored in individual expert minds, or
implicitly encoded and documented in local organisational processes. It has
always been true that a significant part of design knowledge resides in the
minds of the experts that make it up. However, communities and companies are
beginning to find that it is easy to lose a vital element of their intellectual prop-
erty: corporate design knowledge. Therefore, we can say that the major part of
the design knowledge today is tacit knowledge: it in the form of project experi-
ences, heuristics, or human competencies that are difficult to be captured and
externalised.

The effective management of this knowledge is today a significant challenge.
For knowledge management to be effective, this knowledge should be orga-
nized and classified. In addition, with this purpose, developing unified cata-
logues of knowledge, ontologies, empirical studies, and so on, books and studies
such as those we present here, are very important issues to improve the use of
OO0 design knowledge.

Therefore, in this context, we present this book whose main objective is to give
a global vision of micro-architectural design knowledge, exposing the main tech-
niques and methods, and analyzing several aspects related to it.
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The subject matter in this book is divided into ten chapters. The chapters seek
to provide a critical survey of the fundamental themes, problems, arguments,
theories, and methodologies in the field of OO micro architectural design knowl-
edge. Each chapter has been planned as a self-standing introduction to its sub-
ject.

Therefore, in Chapter | Javier Garzas and Mario Piattini present an introduc-
tion to “The Object-Oriented Design Knowledge,” where they show the main
issues and problems of the field. In OO micro-architectural design knowledge,
design patterns are the most popular example of accumulated knowledge, but
other elements of knowledge exist such as principles, heuristics, best practices,
bad smells, refactorings, and so forth, which are not clearly differentiated; in-
deed, many are synonymous and others are just vague concepts.

An essential issue to building an OO design knowledge discipline is organizing
this knowledge. In Chapter I, titled “The Object-Oriented Design Knowledge
Ontology,” Javier Garzas and Mario Piattini show an ontology that organize and
relation the OO knowledge. The authors propose an ontology in order to struc-
ture and unify such knowledge. The ontology includes rules (principles, heuris-
tic, bad smells, etc.), patterns, and refactorings. They divide the knowledge on
rules, patterns, and refactorings and they show the implications among these.
Moreover, they show an empirical validation of the proposed conclusions.

Chapter 111, “Using Linguistic Patterns to Model Interactions,” by Isabel Diaz,
Oscar Pastor Lidia Moreno, and Alfredo Matteo, is a pivotal chapter that changes
the focus of the book to more technical information systems issues. This chap-
ter shows an elegant example of how highly relevant clinical questions can be
addressed in a scientific manner. In this chapter, heuristic-oriented techniques
and linguistics-oriented techniques proposed by several authors to model inter-
actions are analyzed. In addition, a framework to facilitate and to improve the
interaction modeling is described. This framework was conceived to be inte-
grated into automatic software production environments. It uses linguistic pat-
terns to recognize interactions from use case models. The validation process
used and the main results are also presented.

In Chapter IV, Manoli Albert, Marta Ruiz, Javier Mufioz and Vicente Pelechano
show “A Framework Based on Design Patterns: Implementing UML Associa-
tion, Aggregation and Composition Relationships in the Context of Model-Driven
Code Generation.” The chapter proposes a framework based on design pat-
terns to implement UML (Unified Modeling Language) association, aggrega-
tion, and composition relationships, and for it they propose a semantic interpre-
tation of these concepts that avoids the ambiguities introduced by UML.

Therefore, in “Design Patterns as Laws of Quality” Yann-Gaél Guéhéneuc,
Jean-Yves Guyomarc’h, Khashayar Khosravi, and Houari Sahraoui, Chapter
V, show how design patterns can be used as facts to devise a quality model and
they describe the processes of building and of applying such a quality model.



The chapter highlights the need for principles in software engineering, where
these can be laws or theories formalizing and explaining observations realized
on software.

For the sake of completeness in this book, automatic verification of design
knowledge is addressed in Chapter VI. Andres Flores, Alejandra Cechich, and
Rodrigo Ruiz present “Automatic Verification of OOD Pattern Applications.”

Chapter VII, “From Bad Smells to Refactoring: Metrics Smoothing the Way”,
is authored by Yania Crespo, Carlos Lopez, Maria Esperanza Manso Martinez,
and Raul Marticorena. This chapter discusses one of the current trends in
refactorings: when and where we must refactor. From the bad smell concept, it
is possible to discover their existence from an objective viewpoint, using metrics.
The chapter presents a study on the relation of refactorings, bad smells and
metrics, including a case study on the use of metrics in bad smells detection.
The chapter leads to the determination where refactoring is the basis of heuris-
tics and metrics, which is likely to be the single most important factor at the
moment of use refactorings in the maintenance phase.

Therefore, in Chapter VIII, “Heuristics and Metrics for OO Refactoring: A
Consolidation and Appraisal of Current Issues,” Steve Counsell, Youssef
Hassoun, and Deepak Advani cover this topic in great depth. They look at
some of the issues which determine when to refactor (i.e., the heuristics of
refactoring) and, from a metrics perspective, open issues with measuring the
refactoring process. They thus point to emerging trends in the refactoring arena,
some of the problems, controversies, and future challenges the refactoring com-
munity faces.

A key point to building a OO design knowledge field is to understand the sev-
eral contributions to it. Since several OO metrics suites have been proposed to
measure OO properties, such as encapsulation, cohesion, coupling, and abstrac-
tion, both in designs and in code, in Chapter IX, titled “A Survey of Object-
Oriented Design Quality Improvement,” Juan José Olmedilla reviews the lit-
erature to find out to which high level quality properties are mapped and if an
OO design evaluation model has been formally proposed or even is possible.
The chapter is an excellent example of how performing a systematic review of
the estate of art.

At last, in Chapter X, “A Catalog of OOD Knowledge Rules for OO Micro-
Architecture,” by Javier Garzas and Mario Piattini, several types of knowledge
such as principles, heuristics, bad smells, and so on, are unified in a rules cata-
log.

In summary, these chapters constitute an evidence of the importance of micro-
architectural design knowledge, representing important ideas in different soft-
ware design areas. These are intended to be useful to a wide audience, includ-
ing software engineers, designers, project managers, software architects, IS/IT
managers, ClOs, CTOs, consultants, and software students.



We hope that the practical vision, scientific evidence and experience presented
in this book will enable the reader to use the design knowledge within the field
of software engineering and to help the field of software engineering answer
how software engineers might acquire its rich and essential accumulated knowl-
edge.

Javier Garzas and Mario Piattini, Editors

Ciudad Real, Spain
January 2006

Endnote

! Buschmann, F., Meunier, R., Rohnert, H., Sommerlad, P., & Stal, M. (1996).
A system of patterns: Pattern-oriented software architecture. Addison-
Wesley.
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Chapterl

The Object-Oriented
Design Knowledge

Javier Garzas, Oficina de Cooperacién Universitaria (OCU) S.A., Spain

Mario Piattini, University of Castilla - La Mancha, Spain

Abstract

Inorderto establishitselfas a branch of engineering, a profession must understand
its accumulated knowledge. In this regard, software engineering has advanced
greatly inrecent years, but it still suffers from the lack of a structured classification
ofits knowledge. In this sense, in the field of object-oriented micro-architectural
design designers have accumulated a large body of knowledge and it is still have
not organized or unified. Therefore, items such as design patterns are the most
popular example of accumulated knowledge, but other elements of knowledge exist
such as principles, heuristics, best practices, bad smells, refactorings, and so on,
which are not clearly differentiated, indeed, many are synonymous and others are
Jjustvague concepts.

Copyright © 2007, Idea Group Inc. Copying or distributing in print or electronic forms without written
permission of Idea Group Inc. is prohibited.



2 Garzas & Piattini

Introduction

“Chaos is order waiting to be deciphered”

~ José Saramago

Twenty years ago, Redwine (1984) commented that “an expert in a field must
know about 50,000 chunks of information, where a chunk is any cluster of
knowledge sufficiently familiar that it can be remembered rather than derived,”
adding that in mature areas it usually takes about 10 years to acquire this
knowledge. Since then, many authors (Shaw, 1990) have commented on the need
for defined chunks of knowledge in the software engineering field. In this regard,
the software engineering community has advanced greatly in recent years, and
we currently have numerous and defined chunks of knowledge, including
standards, methodologies, methods, metrics, technigues, languages, patterns,
knowledge related to processes, concepts, and so on.

Nevertheless, the field of software engineering is still beset by a lack of
structured and classified chunks of knowledge (McConnell, 2003) and not all
knowledge is transmitted, accessible or studied in the same way. For example,
what and where is the enormous amount of practical knowledge regarding
object-oriented micro-architectural design? We mean knowledge that has been
accumulated from the experience of working with the inherent properties of
software, knowledge which normally comes under what is generally accepted or
“practices which are applicable to most projects, about which there is a
widespread consensus regarding value and usefulness” (Bourque & Dupuis,
2004, p. A-10). Such knowledge may take the form of a source code, compo-
nents, frameworks, and so on, but these are no mechanisms for obtaining designs
throughout the software life cycle.

At this point, many will have already identified one of the essential items of
knowledge based on experience with object-oriented micro-architectural design:
design patterns. These are just the tip of the iceberg. Let us simplify matters and
suppose that we want to specialize as software engineers in object-oriented
design. By means of projects like SWEBOK, we can now ascertain what
“design”is, how itissubdivided, find the main bibliographical references, and so
on, and quite easily acquire a sound theoretical knowledge. If indeed we
concentrate part of our professional activity on design, we find that we need to
study the practical experience of other experts in the area, and at that moment,
the concept of pattern occurs to us. Yet, after examining the main pattern
references in object-oriented design, we still feel that something is missing.
Missing elements for the formulation of a good micro-architectural design
include principles, heuristics, best practices, bad smells, refactorings, and so on.
Table 1 gives an example of each of these.

Copyright © 2007, Idea Group Inc. Copying or distributing in print or electronic forms without written
permission of Idea Group Inc. is prohibited.
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Table 1. Examples of OO design knowledge

PRINCIPLES

The Dependency Inversion Principle (DIP)
“Depend upon Abstractions. Do not depend upon concretions” (Martin, 1996).

HEURISTICS

“If two or more classes only share common interface (i.e., messages, not methods), then they
should inherit from a common base class only if they will be used polymorphically” (Riel, 1996).

BEST PRACTICES

“See objects as bundles of behavior, not bundles of data” (Venners, 2004).

BAD SMELLS

Refused bequest
Subclasses that do not use what they inherit (Fowler, Beck, Brant, Opdyke, & Roberts, 2000).

REFACTORINGS

Extract Interface
“Several clients use the same subset of a class's interface, or two classes have part of their
interfaces in common. Extract the subset into an interface. [...]” (Fowler et al., 2000).

PATTERNS

Observer

“Intent: Define a one-to-many dependency between objects so that when one object changes
state, all its dependents are notified and updated automatically” (Gamma, Helm, Johnson, &
Vlissides, 1995).

Considerable progress has been made in the accumulation of experience-based
knowledge of OO micro-architectural design, but we have advanced consider-
ably less in its exploitation and classification. This could be seen as a case of the
“Feigenbaum Bottleneck”: “as domain complexity grows, it becomes very
difficult for human experts to formulate their knowledge as practical strategies”
(Pescio, 1997).

First, in the following section, we will analyze the maintenance and design
patterns and relationship with analyzability and changeability in more detail.
Later, we will show a measurement of the impact of the patterns used. In the last
sections, we presentacknowledgments, our conclusions and future projects, and
references.

The Object-Oriented Design Knowledge

Serious difficulties are still encountered when we tackle the construction of OO
systems, especially in the transition between the analysis processes and the OO
design, anaspect whichisvery vague in this type of paradigm (Henderson, Seller
& Eduards, 1990). In practice, designers have accumulated a body of knowledge

Copyright © 2007, Idea Group Inc. Copying or distributing in print or electronic forms without written
permission of Idea Group Inc. is prohibited.
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that they apply during these processes. Up until a few years ago, this knowledge
was very implicit but fortunately, it is now being specified and popularized in
different forms: principles, heuristics, patterns and more recently, refactoring,
and so on. The difference between these concepts is generally unclear and not
all of them have received the same amount of attention or have reached the same
degree of maturity.

In fact, OO design principles are often confused and few formalized. In this
regard, there are few works about it, with the exception of the contributions of
a few (Gamma et al., 1995; Liskov & Zilles, 1974; Martin, 1995, 1996; Meyer,
1997).

Regarding OO design heuristics the main works to which we can refer are those
of Riel (1996) and Booch (1996).

Patterns, however, are without doubt one of the elements that have undergone
the greatest evolution and proof of this is the existence of numerous publications
on the theme. The application of patterns in OO began at the beginning of this
decade (Coad, 1992) and was consolidated by the work of Gamma et al. (1995),
Buschmann, Meunier, Rohnert, Sommerlad, and Stal (1996), Fowler (1996), and
Rising (1998). Amongst the different types of patterns, we can distinguish,
mainly, although other categories exist (antipatterns, specific domains, etc.):

. Architectural: These focus on the structure of the system, the definition
of subsystems, their responsibilities and rules.

. Object-oriented analysis/design (OOAD): To support the refining of
the subsystems and components as well as the relationships between them.

e Idioms: They help us to implement particular aspects of the design in a
specific programming language.

As we already know, the use of patterns means that we can avoid constant
reinvention, thus reducing costs and saving time. Gamma et al., 1995 point out
that one thing that expert designers do not do is resolve each problem from the
beginning. When they find a good solution, they use it repeatedly. This experi-
ence is what makes them experts. However, at the present time, when patterns
are used, several types of problems can occur (Schmidt, 1995; Wendorff, 2001):
difficult application, difficult learning, temptation to recast everything as a
pattern, pattern overload, ignorance, deficiencies in catalogs, and so forth.

Refactoring techniques are characterized by their immaturity, although itis true
to say that this topic is rapidly gaining acceptance, the main works in this area
are Kent Beck and Fowler’s (2000), Tokuda and Batory (2001), and Opdyke
(1992).

Copyright © 2007, Idea Group Inc. Copying or distributing in print or electronic forms without written
permission of Idea Group Inc. is prohibited.
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The problem confronting the designer is how to articulate all this explicit
knowledge and to apply itinan orderly and efficient fashioninthe OODA, insuch
away thatitisreally of use to him or her. In fact, in practice, even such advanced
subjects like patterns have this problem. Ralph Johnson comments in this sense
that “for one thing, the large number of patterns that have been discovered so far
need to be organized. Many of them are competitors; we need to experiment and
find which are bestto use. ... Analyzing existing patterns, or making tools that use
patterns, or determining the effectiveness of patterns, could all be good topics”
(Johnson, 2000, personal communication). These problems could give rise to
incorrect applications of the patterns (Wendorff, 2001).

The differences between these elements are not clear. Many concern a single
concept with different names, while others on occasions do not contain knowl-
edge gained from experience, and still others are simply vague concepts. This
confusion leads to a less efficient use of knowledge, so concepts such as
principles or heuristics are still unknown to some software engineers, few of
whom understand completely their goals or relationships. This problem has been
brought up at several major congresses, for example the OOPSLA 2001
Workshop: “Beyond Design: Patterns (mis)used,” where such authors as
Schwanninger (2001) say “We got more and more aware that a good description
of the proposed solution is necessary, but useless for the reader if the problem
and the forces that drive the relationship between problem and solution are not
covered properly.”

Conclusion

Expert designers have always used proven ideas. It is in recent years when these
ideas, materialized mainly into the pattern concept, have reached their greatest
popularity and diffusion. However, more knowledge exists apart from that
related to patterns, although it would be true to say that this other knowledge is
frequently “hidden.” We should consider that OO micro architectural design
knowledge is associated with the pattern concept, but other elements exist, such
as principles, heuristics, best practices, bad smells, and so forth. These other
elements show a confused description, unification, definition, and so on.

Therefore, few studies systematize and offer the OO design knowledge to
designers in such a way that it can be easily used in practical cases. In addition,
the different studies published show the elements related to design knowledge in
a disconnected way. There has not been much effort made on empirical studies
about OO design knowledge, and the few works we have found are mainly
focused on design patterns.

Copyright © 2007, Idea Group Inc. Copying or distributing in print or electronic forms without written
permission of Idea Group Inc. is prohibited.
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As Shaw (1990) states, a branch of engineering must take several basic steps in
order to become an established profession, highlighting understanding of the
nature of knowledge. We as a discipline must ask how software engineers might
acquire this knowledge.
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Chapter Il

The Object-Oriented
Design Knowledge
Ontology

Javier Garzas, Oficina de Cooperacién Universitaria (OCU) S.A., Spain

Mario Piattini, University of Castilla - La Mancha, Spain

Abstract

1t has been a long time since the object-oriented (OO) paradigm appeared.
From that moment, designers have accumulated much knowledge in design
and construction of OO systems. Patterns are the most refined OO design
knowledge. However, there are many others kinds of knowledge than are
not yet classified and formalized. Therefore, we feel it necessary to define
ontology in order to structure and unify such knowledge;, a good
understanding of practical experience is crucial to software engineers.

Therefore, this chapter proposes an ontology for object-oriented design
knowledge.

Copyright © 2007, Idea Group Inc. Copying or distributing in print or electronic forms without written
permission of Idea Group Inc. is prohibited.



The Object-Oriented Design Knowledge Ontology 9

Introduction

Since Simula 67 up until the present day, knowledge related to the construction
of object-oriented (OO) systems has evolved significantly. Nowadays, due to
experience acquired during years of investigation and development of OO
systems, numerous techniques and methods that facilitate their design are
available to us.

By the middle of the 1990s the first catalogue of patterns was published by
Gamma, Helm, Johnson, and Vlissides (1995). The application of patternsin OO
design was consolidated, among others, by the work of Coad (1992), Gamma et
al. (1995), Buschmann, Meunier, Rohnert, Sommerlad, and Stal (1996), Fowler
(1996), and Rising (1998).

However, more knowledge exists apart from that related to patterns, and this
other knowledge is frequently “hidden.” Moreover, now the exclusive use of
patterns is not sufficient to guide a design, and the designer’s experience is
necessary to avoid overload, non-application or the wrong use of patterns due to
unawareness, or any other problems that may give rise to faulty and counterac-
tive use of the patterns. In summary, when patterns are used, several types of
problems may occur (Wendorff, 2001): difficult application, difficult learning,
temptation to recast everything as a pattern, pattern overload, deficiencies in
catalogues (search and complex application, high dependence of the program-
ming language, and comparatives), and so on.

Inthis sense, we need others’ chunks of knowledge such as principles, heuristic,
patterns, best practices, bad smells, refactorings, and so on. Nevertheless, there
is much uncertainty with the previous elements, and these elements have never
been studied as a whole. Its compatibility has been studied nor does a method
based in this knowledge exist.

In order to improve OO designs, using all OO design knowledge in a more
systematic and effective way, we have defined an ontology, which unifies
principles, heuristics, best practices, and so on, under the term of “rule”; the
ontology show the relationship among these “rules” and patterns and refactorings.
We have also defined an improved OOD process, which takes into account this
ontology and the OOD knowledge.

Moreover, we present in this chapter an empirical evaluation of this approach.
The empirical validation is based on Prechelt, Unger, Philippsen, and Tichy
(1997); Prechelt, Unger, Tichy, Bossler, and Votta (2001); and Wohlin, Runeson,
Host, Ohlson, Regnell, and Wesslen (2000). This controlled experiment is
ascertain if the usage of the ontology for OOD knowledge really improves the
OOD process, helping in the detection of defects (rules violated) and solutions
(patterns).
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Ontology

An ontology describes knowledge of adomain in a generic way and provides an
agreed understanding of it.

Ontologies have a number of advantages: structuring and unifying accumulated
knowledge, benefits for communication, teaching concepts and their relation-
ships, sharing of knowledge and resolving terminological incompatibilities. It
would therefore be beneficial to define an ontology for the structuring and
unifying of OO micro-architectural design knowledge (see Figure 2).

Before describing the ontology, we shall explain its field and scope. To thisend
and to avoid ambiguity, we start by referring to the SWEBOK (Abran, 2004) to
ascertain where an ontology for OO micro-architectural design knowledge could
fitin, to find that it falls under “software design” (see Figure 1). What is not so
clear, however, is which of the five sub-areas of software design it belongs to
(see Figure 1), although we do find places for two elements of knowledge:
principles within “basic concepts” (“enabling techniques” in the SWEBOK text)
and design patterns in “structure and architecture.” However, the place of such
other concepts as refactorings is not so obvious (it is only briefly touched on in
the maintenance section). As our ontology concentrates on micro-architectures,
after examining the other areas, we consider the best place to be “structure and
architecture,” as this is what the strategies of architectural design are focused
on. Our proposition (see Figure 1) is to include a more generic area within

Figure 1. Context and situation of the ontology of OO micro-architectural
design knowledge according to the SWEBOK
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“structure and architecture” called “micro-architectural knowledge” and divide
it into OO and functional micro-architectural knowledge. Our ontology struc-

tures the OO part.

Entities

When we start to describe the elements of the ontology, as we mentioned before,
we find many terms related with essential knowledge gained from experience
with object-oriented micro-architectural design, together with others arousing
confusion as to whether they constitute knowledge or not. In order to clarify the
situation, we have grouped the terms in question into two initial groups:

*  Declarative knowledge: Concepts describing what to do with a problem:
Heuristics, patterns, bad smells, best practices, and so forth.

. Operative knowledge: Where there is a body of accumulated knowledge
concerning operations or processes for carrying out changes in software
(i.e., parameterized transformation of a program preserving its functional-
ity (Opdyke, 1992) including such concepts as refactoring.) Here we should
stress that we mean design refactoring, not code refactoring, which is more
common. Although we consider it important to group together all knowl-
edge related to OO micro-architectural design, we are naturally aware that

Figure 2. OO Micro-architectural design knowledge ontology
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12 Garzas & Piattini

refactoring could be placed under the maintenance category in the
SWEBOK.

We can thus establish an initial classification of essential experience-based
knowledge of software design with two parts: declarative (what) and operative
(how). The former tells us what to do and the latter how, in both cases according
to experience (see Figure 2, where a UML class diagram is used to express the
ontology).

Considering “declarative knowledge” alone without regard to design patterns,
we have observed that principles, heuristics, bad smells, and so forth, have the
same common structure, there being no substantial difference between them, as
they all have the structure and form of a rule — they posit a condition and offer
a recommendation. It should be stressed that the “recommendation” is not a
solution like that of the pattern. Patterns are more formalized than rules and
pattern descriptions are always broader. They propose solutions to problems,
while rules are recommendations which a design should fulfill. Unlike patterns,
rules are greatly based on using natural language, which can be more ambiguous
(Pescio, 1997).

Lastly, in order to complete the description of the entities, we will concentrate
on their attributes. We based our determination of these on the terms used in
Gamma et al. (1995) to describe a design pattern: name, intent, also known as
motivation, structure, applicability, participants, collaborations, consequences,
implementation, sample code, known uses, and related patterns. It will be
observed that many of these items are common to other elements of knowledge
and these common attributes are located in the top entity (see Figure 2). As to
the other attributes under consideration, the structure attribute is a synonym for
solution in a pattern, while we have created the recommendation attribute for
rules, which would be close to the solution of the pattern (Pescio, 1997) and the
mechanics attribute for refactorings, our choice of name being taken from
Fowler, Beck, Brant, Opdyke, and Roberts’ (2000) refactoring catalogue. The
attributes participants (the classes and/or objects participating in the design
pattern and their responsibilities) and collaborations (how the participants carry
out their responsibilities together) concern declarative knowledge. The sample
design attribute concerns operative knowledge. The implementation attribute is
substituted for mechanics (this is in refactoring, as we are dealing with design
refactoring, not code refactoring). The related patterns attribute has been
generalized and appears in each of the relationships between entities.

In line with our ontology we have developed a unified catalog of rules, which we
see in Chapter X, where in order to improve the detection of rules, these are
named according to their condition.
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Relationships

We shall now concentrate on the relationships between entities (see Figure 2):

. “To apply arule implies the use of a pattern.” Often, when we introduce a
rule, we obtain a new design, which needs a pattern. One example of this
situation is the application of the “dependency inversion” rule, a principle
(Martin, 1996) which introduces an abstract class or an interface, which in
turn necessitates a creational pattern (Gamma et al., 1995) to create
instances and associate objects in the new situation. Observe that this does
notalways happen (cardinality 0 ton), notall the rules imply the introduction
of a pattern, a clear example of this being when we apply rules which work
only inside a module, for example the “long method” rule, a bad smell
according to Fowler et al. (2000).

. “To apply a pattern implies the use of another pattern.” This relationship
is quite obvious, since it has been featured in catalogs and pattern languages
for some time. An example of this is the map of relationships between
patterns presented in (Gamma et al., 1995). Observe that in this case,
cardinality is from 0 to n (we can see in Gamma et al. (1995) how adapter,
proxy and bridge patterns are isolated).

. “The declarative knowledge is introduced by operative knowledge.” This
relationship expresses that all declarative knowledge (rules and patterns)
is introduced in the design by an element of operative knowledge (a
refactoring); note that cardinality is from 1 to n. This is quite obvious since
it does not make sense for an element of declarative knowledge to exist if
it cannot be introduced.

e The relationship between patterns and refactorings can be observed in an
implicit way by reading some of the refactoring catalogues which concen-
trate on the design level, a good example of this being the Fowler et al.
(2000) catalog. Gamma et al. (1995) state that “design patterns provide the
refactorings with objectives,” and there is a natural relationship between
patterns and refactorings, where the patterns can be the objective and the
refactorings the way of achieving them. In fact, as Fowler et al. (2000) say,
there should be catalogs of refactorings which contemplate all design
patterns. In this way, refactorings, such as “replace type code with state/
strategy” or “form template method,” concentrate on introducing patterns
within a system (again to emphasize that these are design refactorings, not
code refactorings).

e The relationship between rules and refactorings has not been studied as
much as that between patterns and refactorings. Generally, we observe
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that rules are introduced in the design, just like patterns, by means of the
refactorings. And in the light of what has been said previously, it becomes
clearer how refactorings store knowledge about how to introduce elements
in designs in a controlled way. Continuing with the example of the
“dependency inversion” rule we see that in order to resolve the violation of
this rule we insert an abstract entity into the design, which would be carried
out with the refactorings.

. “An element of operative knowledge is composed of others.” Examples of
this composition can be found in refactoring catalogs such as Fowler et al.
(2000) where, for example, the refactoring “extract method” is not com-
posed but it is used by others (cardinality 0 to n).

Lastly, we shall explain why other relationships are not included.

e Relationship: “A pattern implies the use of a rule.” The introduction of a
pattern must notallow arule to be violated (applying a pattern should never
reduce design quality).

e Relationship: “A rule implies the use of a rule.” In a similar way to the
previous case, the introduction of one rule must not allow another rule to be
violated (applying a rule should never reduce design quality).

e Relationship: “An operative knowledge implies a declarative knowl-
edge.” A refactoring does not know what rule or pattern it uses.

An Empirical Validation

In this section, we will present a description of the process followed to carry out
the empirical validation, which is based on Wohlin et al. (2000); Prechelt and
Unger (1998); Prechelt et al. (1997); Prechelt et al. (2001); Kitchenham,
Pfleeger, Pickard, Jones, Hoaglin, EI Eman, et al. (2002); and (Kitchenham,
Dyba, and Jorgensen, 2004). The main intention of this controlled experiment
was to compare the effectiveness and efficiency of “traditional” OO design vs.
the use of OO design knowledge. Moreover, we aimed at analyzing if disposing
of a rules catalog that unifies design knowledge as principles, best practices,
heuristics, and so on, and their relations with patterns has influence on the
effectiveness and efficiency in the improving of the quality of OO micro
architectures.

Based on the GQM (goal question metrics) template, the goal definition of our
experiment can be summarized as shown in Table 1.
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Table 1. Definition of experiment

Analyze The improvement method based on the rules catalog
for the purpose of evaluating
with respect to effectiveness and efficiency
from the point of software engineers
view of
in the context of software companies in Spain
Planning

The experiment is specific since it is focused on one technique applied to one
domain; the ability to generalize from this specific context is further elaborated
below when discussing threats to the experiment. The experiment addresses a
real problem, which is whether the method presented is more effective and
efficient to be used in OO micro architectural quality improvement.

Eighteen professionals of two companies carried out the experiment. The
selected subjects were professionals having extensive experience in OO design.
We classified the subjects into two groups according to their professional
experience. The subjects were asked to fill a questionnaire out about their
expertise, and taking into consideration the collected responses, we formed two
groups of subjects, trying to have the same number of subjects with good marks
and bad marks in each group. Both groups had a patterns catalog (Gammaetal.,
1995), but only one of them had the rules catalog (see Chapter X). In addition to
this, in a previous 30 minutes session, we explained to this group some notions
about rules and their relationships to patterns and how to apply the rules catalog.
For each subject, we had prepared a folder with the experimental material. Each
folder contained one micro-architectural diagram and a questionnaire for an-
swers.

We had to consider what independent variables or factors were likely to have an
impact on the results. These are OO micro-architecture.

We considered two dependent variables (Thelin, Runeson, Wholin, Olsson, &
Andersson, 2004):

. Effectiveness: Number of defects found/total number of defects. This is
the percentage of the true improvements found by a designer with respect
to the total number of defects.

»  Efficiency: Number of defects found/inspection time, where inspection
time is related to the time that subjects spent on inspecting the micro
architecture; it is measured in minutes.
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Hypotheses Formulation

Our purpose was to test two groups of hypotheses, one for each dependent
variable.

Effectiveness hypotheses:

 H,, There is no difference regarding effectiveness of subjects in
detectmg the violation of rules using a rules catalog and their relationship
with patterns as compared to subjects without using the rules catalog.

. There is no difference regarding effectiveness of subjects in detecting
the application of patterns implicated by rules using a rules catalog s and
their relationship with patterns as compared to subjects without using the
rules catalog. // H,,: =~ H_,

. , Thereisno dlfference regardlng effectiveness of subjects in detecting
the appllcatlon of patterns not implicated by rules using arules catalog and
their relationship with patterns as compared to subjects without using the
rules catalog. // H, ,: = H,

Efficiency hypotheses:

. . Thereis no difference regarding efficiency of subjects in detecting the
V|olat|on of rules using a rules catalog and their relationship with patterns
as compared to subjects without using the rules catalog. / H,,: = H_,

« H There is no difference regarding efficiency of subjects in detecting the
application of patterns implicated by rules using a rules catalog and their
relationship with patterns as compared to subjects without using the rules
catalog. //H, ;1= H,

. HO’G_There isno difference regarding efficiency of subjects in detecting the
application of patterns not implicated by rules using a rules catalog and their
relationship with patterns as compared to subjects without using the rules
catalog. // H, ;1 = H

Operation

In this section, we will describe the preparation, execution, and data validation
of the experiment. Before the day of the experiment execution, we gave a
seminar to the subjects of the group that would use the rules catalog. In this
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seminar, we explained to the subjects how to apply the rules catalog. The
subjects had to manually fulfill their proposed solution, writing down the start and
end time of the activity. We collected the forms filled out by the subjects,
checking if they were complete.

Analysis and Interpretation

Figure 3 shows the averages obtained from the experiment. Outliers have not
been identified. In order to decide how to test the validity of the hypotheses, we
evaluated if the data followed a normal distribution. The result was normal; we
decided to perform a t-Student test. In Table 2 the results obtained by means of
t-Student are shown. The first column represents the t-stat and the second
column shows the t critical two-tail.

We have obtained the following results. Firstly, it was confirmed by the t-Student
test that the group with the rules catalog obtained better results in “efficacy and
efficiency in detection of rules” and “efficacy and efficiency in detection of
patterns implicated by rules.” In the second place, the t-Student test could not
confirmthat the group with the rules catalog obtained better results in “efficiency
in detection of patterns not implicated by rules.” However, this group obtained
better averages; we have to highlight that “efficiency in detection of patterns not
implicated by rules” is not influenced by the rules catalog, since these patterns
are notin the catalog because they are notimplicated by rules, and the application
of these patterns will result in the detection of design problems more than design
recommendations. Lastly, in a similar way, we could not confirm by using the t-
Student test that the group without the rules catalog obtained better results in
“efficacy in detection of patterns not implicated by rules”; however, again, this
result is not influenced by the rules catalog.

Figure 3. Averages obtained from the experiment
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Table 2. Results obtained by means of t-Student

t stat ’ t Critical two-tail

Efficacy in Detection of Rules. 5.38887 2.26215
Efficacy in Detection of Patterns not implicated by rules. -0.22360 2.20098
Efficacy in Detection of Patterns implicated by rules. 3.36269 2.20098
Efficiency in Detection of Rules. 7.03868 2.26215
Efficiency in Detection of Patterns not implicated by rules 0.22269 2.26215
Efficiency in Detection of Patterns implicated by rules 4.35678 2.17881

Threats to Validity

A list of issues that threatens the validity of the empirical study is identified

below.

Conclusion Validity

The results confirmed by means of the t-Student test that there was a significant
difference between the two groups, and that the new approach seems to be more
effective and efficient for carrying out the OO micro architectural quality
improvement. The statistical assumptions of each test were verified, so that the

conclusionvalidity was fulfilled.

Internal Validity

*  Differences among subjects: We formed two groups, and the subjects
were apportioned between these two groups according to their expertise
and skills. For thisreason, the subjects were asked to fill outa questionnaire
about their expertise, and taking into account the collected responses, we

formed the two groups of subjects.

*  Differences among OOD diagrams: We used only one OOD diagram.

e Precision in the time values: The subjects were responsible for record-
ing the start and finish times of each test, so they could introduce some

imprecision but we think it is not very significant.

*  Fatigue effects: The average time for carrying out the experiment was 20

minutes, so fatigue effects were minor.
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e Persistence effects: Persistence effects are not present because the
subjects had never participated in a similar experiment.

. Subject motivation: The subjects were very motivated.

. Other factors: For instance, plagiarism and influence among subjects
were controlled.

External Validity

Two threats to validity have been identified which limit the possibility of applying
any such generalization:

. Subjects: We are aware that more experiments with professionals must be
carried out in order to be able to generalize these results. However, the
subjects could be considered “common” OO designers at least in the
context of Spanish software companies.

e Material used: We believe that the documents used might not be
representative of an industrial problem, so more experiments with larger
diagrams are needed.

Works Related with Empirical Studies
About OO Knowledge

There are few empirical studies and related work about this topic. The recent
interest in empirical studies about patterns, mainly, or any other kind of
knowledge has focused on how these factors impact on the software mainte-
nance process. Inthis regard, the main and more important studies are Prechelt’s
works that are the best example of empirical investigation about patterns.

The Prechelt et al. (1997) empirical study affirms that depending on the
particular program, change task, and personnel, pattern documentation in a
program may considerably reduce the time required for a program change and
may also help improve the quality of the change; and recommends that design
patterns are always explicitly documented in source code.

In Prechelt and Unger (1998), the experiments showed that carefully document-
ing patterns usage is highly recommendable because it works well during
maintenance and that design patterns can be beneficial even when an alternative
solution appearsto be simpler but that unsuitable application can also be harmful
in other situations. The resulting practical advice calls to apply common sense
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when using design patterns instead of using them in a cookbook fashion. Prechelt
etal. (2001) state that it is not always useful to apply design patterns if there are
simpleralternatives; they recommend using common sense to find the exceptions
where asimpler solution should be preferred and even where this common sense
suggests that using a patterns might not be a good idea.

On the other hand, there are very few works related to empirical studies about
design knowledge different to patterns. In this sense, we can highlight (Deligiannis,
Shepperd, Roumeliotis, & Stamelos, 2003) work, which investigated the effects
of a single design heuristics (god class) on system design documents (with
respect to understanding and maintainability), where the results showed that
design heuristics can affect maintainability, where designs with heuristics are
easier to understand and modify. According to this study, a design initially
structured under heuristics has a higher probability of continuing to evolve in a
resilient and flexible manner; if heuristics are violated, the probability of
maintenance changes leading to poorer designs increases.
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Conclusion

The motivation of the authors of the first catalog of patterns and of the
community that investigates patterns has been to transfer the OODK accumu-
lated during years of experience. Since then, designers have been reading and
using patterns, reaping benefit from this experience. Nevertheless, more knowl-
edge exits apart from patterns. We need to characterize the OO design
knowledge, and we created an OODK ontology for it. An ontology describes
domain knowledge in a generic way and provides agreed understanding of a
domain. As Gruber (1991) said, “I use the term ontology to mean a specification
of a conceptualization. That is, an ontology is a description of the concepts and
relationships that can exist”.
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On the other hand, there are few empirical studies related to OO design
knowledge. We presented a description of the process followed to carry out an
empirical validation, which is based on the use of OO design knowledge. The
main objective of this controlled experiment was to compare the effectiveness
and efficiency of a “traditional” OOD process with the new OOD approach.
Eighteen professionals (selected for convenience) of four Spanish companies
(divided in two groups) carried out the experiment. In a previous session of 30
minutes we trained one group in the using of the new approach. For each
participant, we had prepared a folder with one OO class diagram and one
questionnaire, and for the members of the “new approach” group we included the
OOD ontology with the main OOD “knowledge” (rules, patterns, etc.). The
results confirmed by means of t-Student test that there was a significant
difference between the two groups, and that the new approach seems to be more
effective and efficient for carry out the OOD Process.
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Abstract

The dynamic behavior of a system is elicited, specified, and analyzed by
means of interaction modelling. This activity is important for object-
oriented software development because it provides the information that is
required to construct the system conceptual model. Several interaction
modelling techniques have been proposed. However, this activity continues
to be a complex and tedious task for the modellers. These problems arise
from the intrinsic difficulties of interaction modelling and the lack of
effective techniques and tools to support to the modellers. In this chapter,
heuristic-oriented techniques and linguistics-oriented techniques proposed
by several authors to model interactions are analyzed. In addition, a
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framework to facilitate and to improve the interaction modelling is described.
This framework was conceived to be integrated into automatic software
production environments. It uses linguistic patterns to recognize interactions
from use case models. The patterns were validated with expert modellers.
The validation process carried out and the main results are also presented.

Introduction

Dynamic models fulfil an important role in the development of object-oriented
software systems. These describe the behavior of a system in terms of: (1) the
state change of an object, which is due to an event or the execution of an
operation (intraobject dynamic perspective); and (2) how the objects should
interact to provide the system with a determined behavior (inter-object dynamic
perspective). This chapter is based on the study of the interobject dynamic
perspective and, in particular, on the construction process of the object interac-
tion models in order to describe the behavior of a system.

The modelling of interactions is one of the most frequently overlooked practices
in software development. While the structural model is considered to be
fundamental for the analysis and design of the systems, the dynamic model is
considered to be optional (Larman, 2004; Rosenberg & Scott, 1999). Neverthe-
less, both models contribute two complementary views of the system design that,
taken separately, would be insufficient. Our experience, which coincides with
that reported by other authors, has led us to believe that this problem may have
originated in the high level of difficulty of interaction modelling, especially for
inexperienced modellers (Larman, 2004; Rosenberg & Scott, 1999; Song, 2001).
On the one hand, modelling is an inherently complex activity that, in any case,
depends on the experience and the domain knowledge of the modeller. On the
other hand, the difficulty of constructing interaction models is also determined by
other circumstances that are explained below.

The result of a thorough review of the literature has indicated that software
development approaches that describe a technique for interaction modelling are
scarce. The aids offered to the modeller to facilitate the task of identifying and
specifying interactions are very few when compared to the extensive descrip-
tions that are made of the modelling language. The nature of the diagrams that
are used to graphically represent the interaction models, generally sequence
diagrams (SDs) or message sequence charts (MSCs), also constitutes an
obstacle for modelling (ITU, 2000; OMG, 2003). The amount of time that must
be spent on elaborating and troubleshooting these diagrams makes them tedious
activities, which many modellers attemptto avoid. Model editing tools available
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on the market, such as Rational or Visio, are not very flexible and do not offer
mechanisms that adapt to specific graphical needs. The complexity of interaction
modelling iseven greater when the difficulty of maintaining consistency between
this model and other structural and dynamic models of the system is added.

The purpose of this chapter is to establish the basis that a generic framework
created to facilitate interaction modelling and to promote this activity during
system development must have. The strengths and weaknesses of the interaction
modelling techniques that are commonly applied are analyzed in order to
determine the requirements that this framework must fulfil. Thus, the framework
is defined in the context of the contributions that other approaches have made
to interaction modelling.

The goal of this framework (hereafter called metamorphosis) is to provide
support to modellers in the interaction model construction during the first stages
of the development of a system. However, its use can be extended to the
complete life cycle of the software (OMG, 2003; Van Lamsweer, 2000).
Metamorphosis assumes that the system behavior specification is expressed
through use case models (Nuseibeh & Easterbrook, 2000; OMG, 2003). A use
case is a document written in natural language that describes part of the system
functionality from the perspective of its users (Jacobson, Christerson, Jonsson,
& Overgaard, 1992). The analysis or interpretation of the use cases shows
how the system components exchange information so that the system has the
behavior specified by the analysts (OMG, 2003; Van Lamsweer, 2000). The
result of this analysis is represented using interaction models.

In metamorphosis, the analysis process lies in the automatic generation of the
interaction diagrams from the use cases in order to guarantee the following: (1)
consistency of the interaction model itself, as well as its consistency with the
corresponding use case model; (2) ease of use promoting the automatic
generation of the interaction diagrams, so that the modeller can spend more time
on more important tasks such as the resolution of conflicts originated by the
ambiguity inherent in the use of natural language, the incorporation of supple-
mentary information into the interaction diagrams (restrictions, comments, etc.),
or the validation of the model obtained; (3) traceability to establish links that can
be documented, controlled, and maintained, so that the modeller can determine
the part of the use case text from which an interaction was generated and vice-
versa; and (4) representation richness to incorporate relevant semantic
information beyond the basic elements of an interaction (i.e., synchronous/
asynchronous messages, concurrence specification, repetition, or conditioning of
interactions, parameter identification, consultations/updating, etc.).

The metamorphosis framework must reconcile contributions from both compu-
tational linguistics and software engineering to be able to fulfil the requirements
described above. Computational linguistics provides metamorphosis with the

Copyright © 2007, Idea Group Inc. Copying or distributing in print or electronic forms without written
permission of Idea Group Inc. is prohibited.



26 Diaz, Pastor, Moreno, & Matteo

natural language processing techniques and tools to recognize the elements
participating in an interaction model from the use case text. Software engineer-
ing provides metamorphosis with a system development orientation that is
focused on the construction and the successive transformation of these models.
Thus, text analysis of the use cases is defined at a high level of abstraction,
making it independent from the domain of the system under development and
from specific implementation considerations. In addition, it is convenient to use
patterns to describe the analysis solutions. A pattern can specify the generic
solution to a recurrent problem of use case analysis. The patterns are suitable
resources for storing the knowledge about these solutions so that it can be reused,
shared and communicated whenever this knowledge is necessary (Gamma,
Helm, Johnson, & Vlissides, 1992).

This chapter has been structured in five sections. The next section presents an
overall view of the most representative approaches about interaction modelling
as well as their advantages and disadvantages. The second section explains how
metamorphosis interprets the interaction concept and describes the properties of
the interaction model. The third section explains the process of extracting
information from the use cases, and the strategy followed to transform them into
interactions. It also presents an example of the application of the transformation
framework. The fourth section describes an experiment performed to validate
the transformation patterns as well as some of the results obtained. The last
section presents the lessons learned and future directions.

Interaction Modelling Techniques:
An Overview

In general, approaches that propose interaction modelling as a resource to develop
systems emphasize the description of the syntax and semantics of its elements;
however, they barely explain how this model can be constructed. Some approaches
have attempted to answer this question by formulating procedures to aid modellers
in their work. In this study, the procedures set forth by these approaches will be
referred to by the generic name of interaction modelling techniques regardless of
the scope, formality or level of complexity (Rumbaugh, 1995; Wieringa, 1998).
Interaction modelling techniques can be characterized as being based on: (1) a
heuristic application, using a step-by-step guide in the construction of interaction
models (heuristic-oriented techniques); or (2) the use of linguistic information, as
away to identify and to specify interactions (linguistics-oriented techniques). The
purpose of this type of classification is to simplify the analysis and to determine the
strengths and weaknesses of these techniques.

Copyright © 2007, Idea Group Inc. Copying or distributing in print or electronic forms without written
permission of Idea Group Inc. is prohibited.



Using Linguistic Patterns to Model Interactions 27

Heuristic-Oriented Techniques

One of the pioneers in the use of interaction models to describe the behavior of
a system was Jacobson, whose object-oriented software engineering (OOSE)
method introduces object interaction diagrams (Jacobson et al., 1992). These
diagrams are prepared for each use case after preparing their robustness
diagrams. A robustness diagram shows the entity classes, interface (or bound-
ary) classes, and control classes of each use case, and the possible dynamic
relations between these object classes, including the participation of the actors.
To construct the object interaction diagrams, the OOSE method suggests going
through the following steps: (1) partitioning the use case text, and placing these
fragments on the left side of the diagram; (2) placing the use case actors; (3)
adding the interface and control objects identified in the robustness diagram; (4)
adding the entity objects of the use case identified in the robustness diagram; and,
(5) identifying the messages exchanged by the classes for each piece of text of
the use case (each piece of text is located on the left side of the diagram, near
the identified messages). The OOSE method transfers the complexity of
elaborating interaction diagrams to the robustness diagrams. However, the
method does not offer further help to construct the robustness and interaction
diagrams; therefore, the identification of the interactions (step 5) remains
unresolved. Furthermore, the interaction diagrams are troublesome to prepare
due to the use of different types of classes and the incorporation of the pieces
of text of the use cases.

Rosenberg and Scott basically follow the same procedure described by the
OOSE method for modelling interactions (Rosenberg & Scott, 1999). In an
attempt to facilitate the recognition of messages, they suggest the use of class-
responsibility-collaboration (CRC) cards (Wirfs-Brock, Wilkerson, & Wiener,
1990). This strategy helps in determining the operations of a class, but it is not
performed in the context of message exchange. Thus, the CRC cards cannot
guarantee the identification of all the necessary operations for the system to
adopt certain behavior.

Another process that proposes the construction of SD as part of the analysis and
design activity of the system use cases is the rational unified process (RUP)
(Jacobson, Booch, & Rumbaugh, 1999). The procedure set forth in the RUP
offers no substantial differences with respect to the techniques described
previously. The Ambler technique formulated to facilitate SD construction is
similar to the RUP technique (Ambler, 2004).

Asimilar processis carried out during the requirements analysis phase of the OO
method (object-oriented method) (Insfran, Pastor & Wieringa, 2002; Pastor,
Gomez, Insfran, & Pelechano, 2001). The main activity of this phase is the
elaboration of SD, which is based on a characterization of the information
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contained in the system use cases. The paths of the use cases describe actor/
system communication actions (actions performed by the actor or the system to
exchange information) or system response actions (system actions that are
potentially capable of changing the system state). The SD of the OO method uses
the Unified Modelling Language (UML) and distinguishes the types of object
classes introduced by Jacobson: entity, boundary and control classes (Jacobson
etal., 1992; Rosenberg & Scott, 1999). The steps that the modeller must perform
are the following: (1) to prepare a SD for each of the use case paths (one for the
basic path and one for each alternate path); (2) the use case actors participate
as classes inthe SD; (3) each actor/system communication action of the use case
is represented through one or more messages between an actor class and a
boundary class (which is usually called system); (4) each use case action of the
system response type is represented in the SD by one or more messages between
the boundary class and the entity classes, or by one or more messages between
entity classes. As in the above-mentioned approaches, the OO method provides
no further help to recognize the entity classes or the messages that they
exchange.

The technique proposed by Larman uses system sequence diagrams to
represent the use case scenarios (Larman, 2004). These diagrams show the
interaction between the actor and a generic entity called system. This entity acts
asablack box that hides the system internal structure. Each identified interaction
must later be analyzed using patterns. A pattern explains in detail how this
interaction can be broken down into one or more messages between system
objects. The SD uses the UML and does not distinguish the types of objects in
an explicit way. Larman’s idea based on patterns is novel and seems effective.
Nevertheless, it lacks both a systematic process to be able to apply conveniently
these patterns and a catalog containing the patterns corresponding to the most
representative interactions.

Song sets forth the application of the ten-step heuristic on sequence diagram
development (Song, 2001). The application of this technique requires the prior
preparation of the system object model and the use case model (diagrams and
textual specification). It uses the UML to represent the SD in which the types
of objects (entity, control, and boundary) are distinguished. The steps of this
technique can be summarized as follows: (1) the message initiating the flow of
events is sent by the actor to the system; (2) a primary boundary object and a
primary control object are defined for each use case; if needed, secondary
objects (boundary or control) are created; (3) a secondary control object is
defined for each use case that is included or extended; (4) the problem-solving
operations (creation/destruction, association forming, or attribute modification)
are identified in the use case; and (5) each message is named and supplied with
optional parameters. To identify the types of problem-solving operations, Song
suggests highlighting the verbs in the use case text and selecting those that
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indicate actions that were formulated to solve the problem. These verbs can be
considered as names of potential problem-solving operations. This technique can
be considered a step forward with respect to other techniques, because it is more
thorough in identifying instances and in recognizing messages (through the
problem-solving operations). However, Song’s technique leaves two questions
unresolved: how to identify the sending and receiving classes of these messages
and how to deduce an interaction composed by more than one message from a
single verb.

Hilsbos and Song have improved their initial proposal with the tabular analysis
method (TAM) (Hilsbos & Song, 2004). The introduction of this method attempts
to answer the two preceding questions. The TAM lies in applying heuristics to
complete a seven-column table before constructing the SD of each use case.
Each column respectively indicates the number of each step of the use case, the
action described in that step, the name of the message, its parameters, its
restrictions, its sender, and its receiver. Initially, messages that are always sent
and received by the actor or the system are obtained from the table. Then, this
information is refined by breaking down each of the messages in terms of other
messages that have been established between the primary control object and
entity objects, or between two or more entity objects. To support the task of
identifying these messages, the guidelines that recognise the problem-solving
operations presented in Song should be followed (Song, 2001). The TAM
facilitates the organization of the information obtained from the use cases.
However, it supplies no further help for the modeller to recognize this informa-
tion. The graphic representation of the SD can be carried out with the information
contained in the table.

Linguistics-Oriented Techniques

In recent decades, many approaches have relied on natural language processing
techniquesto facilitate the development of software systems (Boyd, 1999; Chen,
1976; Métais, 2002; Rumbaugh, Blaha, Premerlani, Eddy, & Lorensen, 1991). In
this section, we refer to those approaches that are based on the linguistic
properties of a text to obtain information and that allow the automatic construc-
tion of models (Burg & van de Riet, 1996; Juristo, Moreno, & Lépez, 2000;
Overmyer, Lavoie & Rambow, 2001). More specifically, we study the ap-
proaches that allow dynamic models to be obtained from system behavioral
specifications written in unrestricted natural language (Burg & van de Riet,
1995; Flield, Kop, Mayerthaler, Mayr, & Winkler, 2000). To facilitate this
review, we distinguish two groups. The first group includes first-generation
proposals that do not set forth a procedure to directly derive the system interaction
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model. The proposals representing this group are: Color-X (Burg & van de Riet,
1995; Dehne, Steuten, & van de Riet, 2001), NIBA (Kop & Mayr, 2002), and the
behavior model presented in Juristo etal. (2000). These works are very interesting
fromthe perspective of natural language processing; however, they are not studied
in this chapter, as these approaches do not allow the direct deduction of complete
interaction models. They use intermediate models to give information to the
modellers so that they can later obtain the interaction models.

The second group of linguistic-oriented techniques includes second-generation
proposals. They have been especially created to deduce interactions from use cases,
such as the works of Feijs and Li, which can be considered referential for our
research (Feijs, 2000; Li, 2000). Feijs establishes correspondences between some
types of sentences written in natural language and MSC (ITU, 2000). A use case
is considered as a sequence of sentences, each of which is associated to a
semantically equivalent type of MSC. A sentence has a specific syntactic structure
that contributes information about active and passive objects, values, instance
identities, properties (attributes), methods, and events. This information has a
counterpart in its corresponding MSC.

Sentences are classified as information, action, or state. They describe information
exchange, object handling, or state, respectively. A context-free grammar is
defined, and a set of correspondence rules is proposed between the syntactic
components of each sentence and the elements of an MSC. It assumes the
preexistence of adomain object model to ensure the terminological consistency of
the use cases. The proposal does not address the identification of message
arguments, nor does it study conditional sentences, iterations, or relationships
between use cases (extension and inclusion) and their respective equivalentsinan
MSC.

Li also sets forth a semiautomatic process for deriving SD from the textual
descriptions of the use cases. The text of the use case isnormalized. The description
can only use sentences with a single subject and a single predicate or action. The
translation partially generates a set of instances and some of the messages that are
exchanged. The SD must then be completed manually by the analyst. This proposal
takes into account conditional sentences and iterations, but it does not address the
relationships between use cases (extension and inclusion).

An QOutline of Interaction
Modelling Techniques

Each of the techniques studied reveals the trends followed in areas such as software
engineering, which serves as the framework for heuristic-oriented techniques.
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Therefore, the predominant aspect of the heuristic-oriented techniques is the use
of modelsthatare especially created to both specify and analyze system dynamic
behavior. The information used to generate the interaction diagrams is obtained
from an initial model that describes the system domain. The semantic richness
of the modelling language acquires importance. Thus, most heuristic-oriented
techniques coincide in the following:

1. To differentiate the instances that participate in these diagrams, using
Jacobson’s classification on control, boundary, and entity objects (Jacobson
etal., 1992).

2. To establish close semantic relationships between some of the model
abstractions from which information is extracted and the abstractions of the
obtained model (i.e., the actor in the use case model is an element in the
interaction model having the same meaning).

3. Toderivetheinteractions using information from the use case model. A use
case is considered as an analysis unit to derive interaction diagrams.

4. Tousethe object model to facilitate the identification of the instances that
participate in a SD and to ensure the consistency of the models.

5. To establish structural correspondences between the elements that de-
scribe both the use case model and the interaction model (i.e., a control
object is created for each use case included or extended).

6. Tosetupheuristicsorrulestoobtain the interaction model. The application
of these rules depends exclusively on the modeller’s criterion, personal
experience, and domain knowledge.

7. Tofacilitate the graphical representation of the interaction models with the
aid of tools. The tools do not support the automatic generation of these
representations or the handling of the model consistency.

Computational linguistics has served as the basis for linguistics-oriented tech-
niques. In particular, the second-generation outline of these techniques has been
adjusted to the most important characteristics of the heuristic-oriented tech-
niques. Thus, second-generation linguistics-oriented techniques synthesize the
properties of all the other techniques, overcoming many of their weaknesses.
They have adopted a model-oriented approach, both to describe the information
extraction source and the interaction representation. Syntactic analysis has been
considered as a fundamental resource for generating the interaction model. The
main characteristics of second-generation linguistics-oriented techniques are
the following:
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1. The use case model is used to extract information. This model is widely
known and has been developed to specify system behaviors.

2. The dynamic model generated is based on the basic primitives for interac-
tion representation (instances, messages, and parameters).

3. Inaddition to the information provided by the syntactic analysis of the use
case sentences, the interaction deduction process uses the system struc-
tural information.

4.  Thesecond-generation linguistics-oriented techniques presume the support
of a tool that allows the (semi)automatic generation of the interaction
diagrams. The modeller’s participation is then limited to completing the
generated diagrams and validating them.

New Alternatives

In spite of the contributions of the interaction modelling techniques, they have some
weaknesses that should be eliminated in order to improve this activity. The creation
of the metamorphosis framework attempts to fulfil this goal. Therefore, the
metamorphosis definition must: (1) overcome the limitations of the interaction
modelling techniques that have been proposed until now; (2) take into account the
strengths that these techniques have demonstrated; and (3) utilize the current
proposals in software engineering and computational linguistics to enrich the
interaction modelling techniques. These three factors have contributed to determi-
nate an outline for the metamorphosis framework. This outline has the following
characteristics.

Model-centered transformation architecture. Until now, use case information
extraction and interaction diagram generation have been described through a set of
rules that apply the techniques. The information source and the form that it takes
later on are not treated as models when specifying the deduction process. This
produces some inconveniences that affect the efficiency of the systems that
provide supportto these techniques; this not only makes maintenance difficult, but
italso makes the code evolution and generation tasks more complex. Great interest
in model-driven approaches that are based on the automatic transformation of
models has recently emerged. In this software development paradigm, the models
and their transformations are specified at a high abstraction level, separating the
system structure and behavior from its implementation and supporting evolution,
refinement, and code generation (Kleppe, Warmer, & Bast, 2003). Following this
approach, metamorphosis proposes the automatic generation of a target model (the
interaction model) from a source model (the use case model). The model definition
is abstract at the metamodel level so that the transformation does not depend on the
technological aspects nor on a specific domain.
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Linguistic orientation. Metamorphosis uses natural language processing to
support information extraction from the text of a use case (Boyd, 1999).
Currently, natural language processing is a mature area of computer science that
provides technigues and tools to perform this task efficiently (Métais, 2002;
Mich, Franch, & Inverardi, 2004).

Based on patterns. Metamorphosis attempts to capture the transformation
knowledge by means of patterns (Gamma et al., 1992). These patterns are going
to describe how each sentence of a use case is transformed into interactions. In
metamorphosis, a pattern is a reusable and generic specification that can be
implemented using any programming language and integrated into several
automatic software production environments.

Role-driven. Metamorphosis provides special meaning to the modelling ele-
ments by means of role definition. The roles contribute to the recognition of these
elements at model-time and facilitate the understanding of the patterns (France,
Kim, Ghosh, & Song, 2004; Gildea & Jurafsky, 2002).

Flexible normalization. The normalization process requires use cases to be
written using only a previously known set of syntactic structures. Imposing such
a restriction facilitates the information extraction process and allows the
elimination of the potential ambiguities generated by the use of natural language
(Ben-Achour, Rolland, Maiden, & Souveyet, 1999; Berry & Kamsties, 2004;
Rolland & Ben-Achour, 1998). Nevertheless, the advantages achieved by
imposing this normalization on the language reduce the expressive capability of
the system specification. Therefore, establishing restrictions could only be
justified as a means to ensure the quality of the use cases, in terms of their
completeness and correctness. Furthermore, this quality could be ensured
through using other resources without overloading the modeller with this
responsibility. Metamorphosis proposes to make the normalization process of
use cases flexible by means of: (a) a tool guiding the modeller in the use case
editing process; or (b) automatically identifying text ambiguities (structural or
semantic) and resolving them (i.e., transforming it; marking it with information
to clarify its semantics; classifying doubtful text; etc.).

UML compliant. Metamorphosis uses UML because this language allows us to
specify models and transformations that can be comprehended and applied by
many modellers and tools. The UML semantics and syntax is currently a de-facto
standard due to its widespread use (OMG, 2003). Furthermore, the UML 2.0
version thoroughly describes the interaction concept taking into account the
necessary semantics and notation to represent both the SD and the MSC.
Interactions in the UML 2.0 version can be represented graphically using:
sequence diagrams (that synthesize the properties of the MSCs), communica-
tion diagrams, Of interaction overview diagrams (OMG, 2003). For simplicity,
in this chapter, we use the generic terms sequence or interaction diagram to
refer to the graphic representation of the interactions.
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Bidirectional transformation. Interaction modelling techniques describe how
to obtain interaction diagrams from use cases. However, nothing has been said
about how use cases can be deduced from interaction diagrams. This would be
useful to determine how use cases change when modifications on interaction
diagrams are performed. Metamorphosis leans towards the bidirectionality of
the transformation in order to ensure the consistency of the models and to
facilitate the tasks of reengineering, maintenance, refinement, validation, and
verification of the system functional requirements.

Simultaneous deduction of the object model. Almost all interaction modelling
techniques assume the prior existence of the system object model. The use of this
representation attempts to guarantee its consistency and that of the interaction
model. However, this model is not always available, and when it is available, it
may not be sufficiently developed. Metamorphosis takes into account the
simultaneous and iterative deduction of both models while maintaining the
linguistic orientation. Thus, the information of one of the models is complemented
by the information of the other model, which keeps the consistency of both
models in a natural way. This also contributes to reducing the gap between the
analysis and the design of the system and to promoting its development based on
the succeeding refinement of models.

Empirical validation of the technique. It is necessary to demonstrate the way
in which the technique responds to quality indicators. Metamorphosis must
establish a validation strategy that allows it to continually improve itself.

Metamorphic Interactions

Metamorphosis is a conceptual framework conceived to facilitate the interaction
modelling of an object-oriented system in an automatic software production
environment. This section explains how metamorphosis understands interaction
modelling. First, some definitions about dynamic behavior of the systems are
established. Second, the models used by metamorphosis to represent this
dynamic behavior are described. These models were defined in order to facilitate
information deduction from the use cases.

Dynamic Behavior

A system consists of a set of components interacting with one another to achieve
one or more goals (Blanchard & Fabrycky, 1990). The way in which these
elements interact over time determines the system’s complete behavior. To
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facilitate its specification, this behavior is broken down into units so that each of
these units responds to a goal that the system wants to achieve. A behavior unit
is a specific group of interactions that take place between certain system
components in order to achieve a specific goal (Wieringa, 1998). An interaction
shows the data exchange established between the system and the elements in its
environment (external perspective Of interaction communication), 0Or be-
tween the different components that integrate the system (internal perspective
Or interaction structure).

The specification and analysis of the system behavior are two of the most
important activities in software development. In the first phases of their life
cycle, these activities are determinant in understanding the system functionality.
Behavior specification allows the description of the functional requirements,
according to the needs of the system potential users, emphasizing the external
perspective or interaction communication. Since Jacobson introduced the use
case concept, most object-oriented software development methods are based on
the use case model to specify the system behavior (Jacobson et al., 1992; OMG,
2003). Behavior analysis emphasizes the internal perspective or interaction
structure. The output of this activity is expressed in an interaction model showing
how the system components must exchange data so that it can behave as
previously specified (ITU, 2000; Rosenberg & Scott, 1999).

Like many of the object-oriented software development methods, Metamorpho-
sis uses the use case model and the interaction model as the principal artifacts
to study behavior. The construction of these models relies on the semantics and
syntax given to its elements by the UML. Using the extension mechanisms that
this language provides, the UML metamodel has been enriched with the
information needed to establish connections between its elements. This facili-
tates the automatic derivation of some elements from other elements (OMG,
2003).

Behavior Specification

In metamorphosis, each use case is considered as a behavior unit that is
described by a text written in natural language. The use case model is the
fundamental input to deduce the interaction model. A use case shows the
complete and organized sequence of actions that the system must perform, when
interacting with the actors, to fulfil a certain goal. The complete sequence of
actions make up the basic path of a use case. Some use cases can have one or
more alternative paths that describe optional or exceptional sequences of
actions.

The metamorphosis use case model is based on the UML usecases package
concepts (OMG, 2003). To guarantee the recognition of the linguistic properties
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of the use case text, the elements in this package have been extended and
described in the metamorphosis use case linguistic profile (Diaz, Moreno, Pastor,
& Matteo, 2005; Rolland & Ben-Achour, 1998). This profile was developed
based on the action concept, which is a fundamental element in the description
of use cases. The action of a use case is studied from three perspectives, which
are orthogonal but supplementary to each other: the conceptual, the syntactic,
and the semantic perspectives. Figure 1 shows the structural relationships
established between some elements of the use case linguistic profile of metamor-
phosis. These elements have been grouped according to the perspective that they
describe. This is explained in the following subsections.

The Conceptual Perspective

The conceptual perspective describes the meaning of a use case action. An
action can express: (1) a communication that is established between the actor
and the system to exchange information; (2) an internal behavior of the system,
which responds to the communication established with the actor. Special actions
can also be distinguished to allow conditioning, restricting, adding, or repeating
communication/internal actions or groups of these. Figure 1 represents the kinds
of actions by means of ageneralization relationship. Each action belongsto a use
case path. A path is an action group of a use case that fulfils a specific goal.

Figure 1. Use case linguistic profile (partial view)
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Figure 2. Unidirectional action
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An action represents an interaction fragment of the system behavior if it
complies with the unidirectional and atomicity properties. An action is unidirec-
tional if the interaction described refers to one, and only one, of the following
three situations: (1) an actor communicates with the system by sending informa-
tion; (2) the system communicates with the actor by providing information; (3)
the system executes an action on itself. Figure 2 shows all the possible directions
of an action.

An action is atomic if it cannot be broken down in two or more unidirectional
actions. Thus, acomplex action contains two or more unidirectional actions. An
interaction fragment describes a single atomic action that is performed by the
actor or the system and that has meaning in the context of one of the action’s
three possible situations. For example, the following action: “The customer
introduces her password and the system verifies the identification data” is
complex because it can be broken down into two unidirectional atomic actions:
“The customer introduces her password” and “The system verifies the
identification data.”

The Syntactic Perspective

From the syntactic or grammatical perspective, an action is expressed by means
of a use case sentence (see Figure 1). A use case is a text that consists of a
sequence of sentences that can be either simple or special (Diaz, Losavio,
Matteo & Pastor, 2004). A simple sentence represents a unidirectional atomic
action, which is of the communication or behavior type. Each sentence is
described as a set of words, which can be associated to a syntactic category (i.e.,
adjective, noun, verb, etc.). These words can also form groups, according to the
grammatical function that they fulfil in the sentence, configuring phrase struc-
tures (i.e., noun phrase, prepositional phrase, etc.). Special sentences are
distinguished by having a predefined format that uses key words (for example:
INCLUDE, EXTEND, and REPEAT).
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In metamorphosis, the syntactic normalization of the use cases has a different
implication to that commonly given in other approaches. The purpose of this
process is to ensure that the use case text is specified in a correct and complete
way (Ben-Achour, 1998; Rolland & Ben-Achour, 1998). Some authors have
proposed applying style and content guidelines indicating how to write a use case
and what type of information it supplies (Ben-Achour, 1998; Cockburn, 2001).
Some experiments have proven the effectiveness of these guidelines to improve
the use case documentation (Ben-Achour et al., 1999). However, because they
are based on the reduction of the syntactic possibilities of the simple sentences,
they also diminish their expressive capability for modelling effects. To achieve
areasonable balance between documentation and expressiveness, the metamor-
phosis translation strategy assumes the application of only those style and
content guidelines that are mandatory to ensure that the use cases fulfil their
purpose in the system development. These guidelines are the following: (1)
sentences must be edited in a declarative, affirmative, and active way; (2) each
sentence must have asingle subject and asingle main verb; and (3) the main verb
of the sentence must be transitive, ensuring the presence of a direct object in the
sentence. The following structure describes the components that a sentence can
have:

<subject><main-verb>{<direct-object>{<preposi-phrase>[connector]}*}+|<subor di-
clause>

Based on these elemental guidelines, itis deduced that the function of the subject
of a simple sentence can only be performed by the nominal phrase designating
the actor or the system being developed. The predicate is an expression that
containsthe verbaction. In general, the predicate function is fulfilled by nominal
and prepositional phrases. For example, the syntactic structure of the sentence
“The system registers the information in the accident report and in the
insurance police” is:

“{ The (syStem)head }noun-phrase/subject

{ (regiSters)main-verb [the (information)head]noun-phrase/direct-object

[ll’l the (acczdenl report)head]place-prepositional-phrase (and)conjunction-connector
7

[ll’l the (msurance pOllcy)head]place- prepositional-phrase }predicate

The Semantic Perspective

From the semantic perspective, a use case action can be represented as a
relationship that is established between one or more semantic or thematic roles

Copyright © 2007, Idea Group Inc. Copying or distributing in print or electronic forms without written
permission of Idea Group Inc. is prohibited.



Using Linguistic Patterns to Model Interactions 39

(see Figure 1). A sentence can be characterized by the semantic roles that it
contains. Each one of these roles denotes an abstract function that is performed
by an element participating in an action. This abstract function is defined
independently from the syntactic structure that it can have in a sentence. These
semantic role properties allow metamorphosis to represent interactions in a
generic way; this is done independently from the language that is used to write
the use cases and from the various grammatical resources that a language offers
to express the same interaction.

Many types of roles have been defined with different grades of specificity
(Guildea & Jurasfsky, 2002). In metamorphosis, roles proposed by different
authors have been selected. The selection was based on the following criteria:
(1) generality or abstraction so that the roles do not depend on a specific verb
or domain; and (2) applicability so that they can be useful in recognizing and
treating the interaction fragments. The roles used by metamorphosis can be: (1)
basic roles if they always participate in a transitive sentence such as agent
(what/who performs an action) and object (what/who undergoes an action); and
(2) secondary roles if they are not required by the verbal action and always
appear linked to a basic role. Some secondary roles are: destination (receiver/
beneficiary of the action), owner (what/who possesses), owned (possessed
entity), instrument (the means used to execute an action), stzate (entity status/
condition), location (where an action takes place), cause (entity that causes
something) and time (when the action occurs). The identification of roles is
illustrated in the following sentence: “[The salesman]___ registers [the identi-
ﬁcation ]objectlowner [Of [he buyer ]owned.”

A semantic context allows the definition of a family of sentence types in terms
of semantic roles as well as relationships that are established among them. A
semantic context (SC) is specified using a logic formula SC=<a, m, y>, where a
and m are sets of variables and constants, respectively, and y is a set of functions
thatare applicable to SC terms. The main objective of this formulais to determine
which semantic roles participate in a sentence.

Table 1 shows a formula that describes the Shared Action Semantic Context,
which has the following characteristics: (1) actions that have an active entity that
initiates or controls the action (the agent), and a passive entity on which such
action falls (the object); (2) the number clause operation determines the number
of clauses in the sentence (in Metamorphosis, a clause represents a unidirec-
tional atomic action that is obtained from a complex action); (3) the sentence can
be decomposed into two or more clauses with the same agent, the same main-
verb and the same object; each clause is associated to a different circumstance;
(4) the object state may or may not change as a consequence of the action
performed; (5) the object can have two or more owner entities at the same time;
otherwise, (6) the object can be placed into two or more locations at the same
time, or (7) the object can be sent to two or more destinations.

agent
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Table 1. Formula of a semantic context

Semantic Context: Shared Action

Vv,A,0,St,0r,L,D:
dn>1 / NumberClause (Sentence)=n A
( Action(verb:V,agent:A,object:0) A
(State (object:0,state:St) v State(object:0,state:?]) ) A
( Vi=1..n Ownership, (owned:0,owner;:0r) Vv
Situate, (agent:A,object:0,location,:L) Vv
Move, (agent:A,object:0,destination,;:D) )

7

For example, the sentence “The system registers the information in the
accident report and in the insurance police” satisfies the formula of the
Shared Action Semantic Context (see Table 1). The roles of this sentence are
the following: “[The syslem]agent registers [the information]Object [in the acci-
dent report], . = and [in the insurance policy] . ..” The sentence has a
single object (“the information) and two clauses (“The system registers the
information in the accident report” and “The system registers the informa-
tion in the insurance policy”). The object (“the information™) is registered
by the agent (“the system™) in two entities at the same time (“accident report”
and “insurance policy”). The object state is not explicitly determined in the
sentence.

Behavior Analysis

Interactions are the basic elements to express the results of a system behavior
specification analysis. An interaction describes an information exchange that
can be established between two or more instances to communicate with each
other (OMG, 2003). In metamorphosis, these instances are considered to be
class objects that describe the system internal composition. The information
exchange or messages among these instances represent operations among
these classes. The metamorphosis interaction structure profile describes the
suitability of these concepts based on those presented in the UML interaction
package (OMG, 2003). Figure 3 shows some elements of this profile. In this
figure, the metaclasses distinguished as stereotypes were created by extension
from base metaclasses that belong to the UML interaction package (OMG,
2003). These UML base metaclasses are: Interactions, LifeLine, and Message.
The remaining metaclasses belong to the metamorphosis interaction structure
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Figure 3. Metamorphosis interaction structure profile (partial view)
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profile. One of the most important concepts in the metamorphosis interaction
structure profile is the one that refers to the granularity of the interactions.
Interaction granules depend on the specification granule that performs the
system behavior analysis. If the analysis is performed based on a unidirectional
and atomic action, the result is an interaction fragment. A fragment is an
interaction that forms part of another interaction (OMG, 2003). It can be formed
by one or more instances that interchange one or more messages (this is shown
by means of the relationship multiplicity). Each lifeline of an instance is
represented by the FragmentLifeLine, and each message is represented by a
FragmentMessage, in Figure 3. In addition, the lifeline of an instance can be an
actor class, a border class, a control class or an entity class. A fragment can
contain one or more lifelines of several types.

If the complete set of use case actions is analyzed, an interaction unit is
obtained. An interaction unit is the combination of all interaction fragments that
are obtained from each of the use case actions. It is also possible to obtain more
than one interaction unit from a use case: an interaction unit corresponds to the
basic path of the use case and another interaction unit exists for each of its
alternate paths. The combination of the fragments can be specified using the
strict-sequence operator, which is defined by the UML (OMG, 2003). This
operator joins the trace of one fragment with that of another, respecting the order
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Figure 4. Generic structure of an interaction fragment (Fountain)
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of occurrence of the action through time, just as they have been specified in the
use case. When all the use cases have been analyzed, the system Interaction
Model is obtained. This model integrates the information of all the interactions
that were obtained.

In Metamorphosis, the interaction fragments are specified by means of a generic
structure. This structure is described using roles to represent several action
types and to add semantics to improve the comprehension of the interaction
(France et al., 2004). Figure 4 presents the Fountain Interaction Fragment. This
generic fragment has the following characteristics: (1) there are “n” lifelines; (2)
the first lifeline plays the role of initiator (it is the sender of all the fragment
messages); this lifeline can be represented by a boundary instance or a control
instance; (3) the remaining lifelines play the role of performers; these lifelines
are represented by entity instances (4) the messages sent by the initiator
activate the update operations in performer (this operation type changes the
object state); (5) the messages can be sent by the initiator simultaneously (this
is allowed by the UML fragment operator par) (OMG, 2003).

In metamorphosis, the interaction fragments that are specified using roles are
named semantic fragments. When these roles are expressed by means of
syntactic structures, the interaction fragments are named syntactic fragments.

Interaction Linguistic Patterns

Metamorphosis conceives the interaction modelling as the automatic transfor-
mation of the actions of the use cases. An automatic transformation has two
goals: (1) to extract relevant information of the use case sentences; and (2) to
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describe how the extracted information must be interpreted in order to obtain the
interaction fragments. The modeller participation is limited to making design
decisions, to resolving ambiguous situations, and to completing information about
the interactions. Patterns specify the way that actions are transformed. These
transformation patterns are based on linguistic information. This section explains
the Metamorphosis transformation model, which is based on linguistic patterns,
and how these patterns are specified and applied to the interaction modelling.

Action Transformation Model

The mostimportant activity of the Metamorphosis framework is the transforma-
tion of an action. The complete transformation of a use case depends on the
interactions obtained from each action that participates in the use case. Figure
5describes the transformation model applied by Metamorphosis. This model has
three levels: (1) the definition level; (2) the pattern specification level; and (3) the
application level.

1. The definition level: The transformation definition of an action and the
models that participate in this transformation are specified at metamodel
level. In this level, the modelled elements that participate in the metamor-
phosis use case linguistic profile and in the metamorphosis interaction
structure profile are related (see Figure 1 and Figure 3). Such relations are
also defined.

2. The pattern specification level: This level describes how the semantic
context of an action sentence is converted into a semantic fragment. At
Model Level, the transformation patterns are specified. The roles are used
to describe both the sentence and the fragment. The transformation rules
explain how to obtain a semantic fragment from a semantic context. The
specification of a transformation pattern is generic, domain-independent,
and implementation-independent. The patterns are also independent of the

Figure 5. Transformation model of actions
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language used to write the sentences and their syntactic structures. The
semantic fragments do not depend on the graphic representation styles. The
next subsection describes the specification of a transformation pattern.

3. The pattern application level: To obtain the desired interaction frag-
ment, a transformation pattern must be applied. This application is carried
out by the instantiation of a specified pattern. Thus, a particular sentence
is transformed into a specific interaction fragment. This requires knowing
the syntactic structure associated to the roles that participate in the
sentence.

Transformation Patterns

The purpose of the transformation patterns is to capture transformation knowl-
edge and to reuse them appropriately. Table 2 shows the specification of a
transformation pattern. The description of the elements that were suppressed in
this table can be found in previous sections. Each transformation pattern of
Metamorphosis has been specified using the following elements:

1.  Name. It identifies the transformation pattern and distinguishes it from
others.

2. Description. It gives a concise explanation about the transformation
pattern.

3. Semantic context. It is a description of an action that is based on roles.
Atransformation patternis only applicable to actions that fulfil the semantic
context established by this pattern.

4. Transformation rules: They describe how the participants of a semantic
context are turned into elements of an interaction fragment. Each rule is
expressed by means of a formula whose left side corresponds to the
fragment elements. The right side of a rule indicates how to identify these
elements. The transformation rules recognize roles in the semantic context
to identify the interaction elements, using functions applied on the semantic
roles.

5. Semantic fragment: Itisadescription of an interaction structure that uses
roles.

6. Observations: They describe specific patterns, application examples,
and/or several annotations.

Transformation rules are the key part of a pattern. Table 2 presents the rules that
are applicable to sentences whose semantic context is described in Table 1. By
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Table 2. Transformation pattern (simplified version): An example

Name Shared Fountain

Description This pattern can be applied to an action that represents an internal behavior of the
system. The action is a simple sentence that can be decomposed into two or more
clauses. These clauses have the same subject, the same main verb, and the same
direct object. The only difference among these clauses is their prepositional-phrase.
The obtained interaction contains one message for each sentence clause. The
messages are sent from the same instance of concurrent form. The message order
is irrelevant. They are received by different instances. The message tags are equals.

Semantic Context Shared Action (see Table 1)

Transformation initiator € agent

Rules ; .
performer[i] € vi=1..n (<Head(owner,)>"" v

<Head (location,)>"™ v
<Head (destination,) >™™) ;

Update [i] € Vi=1..n (Sequence (verb,<object>", state)
v Sequence (verb, <object>"") );

Semantic Fragment Fountain (see Figure 4)

Observations In general, the initiator role is played by a lifeline that represents a boundary
instance. This instance is frequently named as the system in development. However,
the initiator role can be played by a control instance, too.

applying these rules, a fragment is obtained that has the generic form shown in
Figure 4. The rules given in the transformation pattern in Table 2 should be
interpreted as follows: the lifeline of the initiator instance is identified by the
agent of the sentence. Each lifeline of a performer instance is deduced from:

(1) the owner contained in each clause of the use case sentence; or (2) the
location contained in each clause of the use case sentence; or (3) the
destination contained in each clause of the use case sentence.

The Head function extracts the most important constituent of the owner,
location, or destination. The normalization function builds the canonical form
of the role heads. The signature of the update operation is deduced by a
sequence function. This function constructs a label with the principal verb, the
object, and the object state of each sentence clause. All the messages received
by each instance are equal.

Applying a Transformation Pattern

Before applying atransformation pattern, it must be instantiated. The instantiation
process moves the action from the model level to the instance level (see Figure
5). This process assumes that: (1) the use case action is syntactically normalized;
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and (2) the use case action contains the corresponding syntactic and semantic
information (constituents/phrases and semantic roles). The instantiation process
can be performed in fours steps:

First step: to recognize the semantic context. The semantic information of the
action sentence to be analyzed is used to determine the semantic context of the
action. The semantic context of each transformation pattern is evaluated using
the semantic information of the sentence as was described earlier. The sentence:
“The system registers the information in the accident report and in the
insurance policy,” will be considered as an example for the instantiation
process (see Table 1). This sentence satisfies the formula of the shared action
semantic context.

Second step: to identify the transformation rules. This is immediate because
each semantic context defines each action transformation pattern. The pattern
that corresponds to the shared action semantic context has the transformation
rules given in Table 2. When this transformation pattern is applied, a fountain
interaction fragment is obtained.

Third step: to identify the syntactic structure of the sentence. TO carry out
the pattern instantiation, the syntactic structure of the roles that participate in the
sentence must be known. The syntactic structure of the example sentence, has
the following characteristics: (1) the agent and object roles are linked to noun-
phrases; and (2) the location roles are expressed by place-prepositional-
phrases. The syntactic and semantic information of the sentence is the following:

[
{ The (syStem)head }noun-phrase/subject(agent)

{ (registers) [the (information)

main-verb head]noun-phrase/direct—object(ubject)

[ll’l the (aCCldent report)head]place—prepositional-phrase(location1) (and)conjunction-connector

[ll’l the (msurance pOllcy)head]place- prepositional—phrase(lucation1)}predicate

Fourth step: to apply the transformation rules. This consists of obtaining the
interaction elements from the sentence. For example, when the transformation
rules of the pattern given in Table 2 are applied to the example sentence, the
elements identified are the following (Figure 6): (1) a border/control instance
(initiator) whose name is extracted from the noun-phrase head of the agent
(“system™); (2) two domain instances: accident report and insurance policy.
These instances are recognized from the noun-phrase head of each place-
prepositional-phrase (location roles). The canonical form of each head is
verified; and (3) two synchronous and concurrent messages that are sent by the
system instance. These messages are responsible for activating the operation
execution identified as “register the information.” The label of each message is
obtained using the main-verb and the direct-object of the sentence.
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Figure 6. An interaction fragment obtained by metamorphosis
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Transformation Strategy

The purpose of the transformation patterns is to recognize the basic elements
that participate in an interaction fragment (i.e., lifelines/instances and mes-
sages). Toidentify other elements and to verify the consistency of the interaction
model, it is necessary to analyze groups of actions or groups of use cases. The
generated information of each transformed action must be integrated. An
integration activity is, for example, to combine the interaction fragments that are
deduced from each sentence of a use case until the interaction is completed. In
addition, there is information that can only be deduced through either a partial or
a complete analysis of the use case, such as to deduce the candidate parameters
of each message. This information must also be incorporated into the obtained
interactions.

Finally, the integration of the interactions deduced for each use case allows us
to obtain the interaction model of the system. This task must resolve the possible
conflicts that are generated when all partial representations are combined.

A Validation Experiment

An experiment to validate the transformation patterns was designed by OO
method group researchers of the Technical University of Valencia, Spain (Diaz,
Moreno, Fuentes, & Pastor, 2005). Until now, the experiment has been repli-
cated four times to determine whether each pattern generates the expected
interaction fragments from a use case action. The experiment was performed in
four phases, which are outlined as follows:
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Phase 1: design of the transformation patterns. This task consisted of
discovering what correspondence could be established between a use case
action and an interaction fragment. This activity was carried out by OOmethod
group researchers, who specified the transformation patterns that would be
validated. The steps followed to design these patterns were: (1) the identification
of interaction fragments by means of the direct observation of a sample of
sequence diagrams that had been deduced from use cases; this sample was
extracted from the use case models and the interaction models of academic and
commercial information systems; (2) the determination of correspondences
between actions and fragments for each sentence; (3) the deduction of a generic
interaction structure based on roles for each action and for each fragment; and
(4) the definition of the corresponding transformation pattern. The transforma-
tion patterns identified were organized in an initial catalog to determine their
validity.

Phase 2: manual deduction of interactions. Five experts in behavior modelling
participated in this phase. They did not know the transformation patterns
designed in Phase 1. These modellers had experience in the application of UML
to develop use case models and sequence diagrams. To obtain the interactions,
the modellers selected the modelling technique proposed by Song (2001). This
technique was applied to construct the interaction model of the systems. The
modellers also constructed the use case models. The use case models and the
corresponding interaction models were extensively revised to reach a consensus
on the results obtained manually.

Phase 3: automatic deduction of interactions. This process consisted of
modelling interactions using the linguistic patterns specified during Phase 1. This
task was performed with the same systems used in Phase 2. The automatic
deduction was supported by a transformation tool that was developed for this
purpose. Thistool was integrated into the requirements engineering tool (RETO)
(Insfran et al., 2002). RETO supports the requirements specification and
analysis activities of OO method, an automatic software production environment
(Pastor et al., 2001). Figure 7 shows the components of the transformation tool
and how this tool was integrated into RETO. It uses a parser to tag sentences
with its constituents. These constituents are grouped in phrases according to a
context-free grammar that had been previously constructed by OO method
group researchers. This grammar allows us to know the syntactic structure of
each use case sentence and to determine its semantic/syntactic context.
Depending on the sentence context, the transformation tool applies a certain
pattern. Later, the transformation tool combines the deduced fragments to obtain
the corresponding SD.

Phase 4: interaction comparison. This task consisted of comparing the SD
generated using the Metamorphosis transformer with the SD obtained manually.
The purpose of this process was to determine the differences and similarities
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Figure 7. The transformation tool architecture
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among the interaction fragments. This task was carried out by the modellers that
participated in Phase 2. The manually obtained fragments were individually
compared with the fragments generated automatically for each sentence of the
use cases. The result of this comparison allowed us to determine whether both
fragments were: (1) equal, when the two fragments were composed of the same
instances and the same messages; (2) equivalent, if the two fragments
represented the same interaction, even though the instances and messages were
not the same; and (3) different, when the compared fragments were neither
equal nor equivalent.

To date, this validation strategy has been applied to 280 use cases (3,112 simple
sentences and 412 special sentences). Using the established criteria, 65% of the
transformation patterns were equal, 28% were equivalent, and only 7% were
categorized as different. This strategy allowed us to improve or to reject
transformation patterns. It has also allowed us to identify new transformation
patterns. Currently, the Metamorphosis catalog contains 25 transformation
patterns that have been validated using this strategy.

Conclusion

This chapter has presented metamorphosis, a generic framework whose main
purpose is facilitating the interaction modelling. This framework attempts to
improve the offered possibilities of existing interaction modelling techniques.
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However, there are still lines of research that continue open. In this sense,
Metamorphosis can be considered as a mean and as a goal. The following issues
describe some conclusions and potential areas of research.

The integration of the contributions from software engineering and compu-
tational linguistics can reinforce interaction modelling. The metamorphosis
framework shows that some current proposals in computational science can
support this activity. The strategic alliance between software engineering and
computational linguistics is an important aspect to be able to overcome the
limitations of interaction modelling. The application of natural language process-
ing facilitates the automatic recognition of interaction model elements and the
establishment of persistent links between these elements and those from which
they are deduced. In addition, use case models can be enriched with information
thatis not only useful for the deduction task but also for improving documentation
and comprehension. The transformation architecture based on models promotes
the construction of robust interaction models from use case models. However,
it is necessary to continue working with the purpose of strengthening bonds
between these disciplines.

Interaction modelling can be an easier task and can produce better results.
This can only be achieved with the support of a tool that performs tedious and
troublesome tasks. The modeller can then concentrate on more important
activities such as design decisions and validation of analysis results. A transfor-
mation tool based on metamorphosis was created for OO method, but its
implementation depends on this application. It is necessary to design and to
implement atool that can be integrated in several automatic software production
environments.

The use case normalization process can be flexible without causing a
decrease in its quality. This can be achieved by establishing automatic controls
that identify the possible problems of a use case text. These problems can then
be solved using the convenient mechanisms according to the circumstances (i.e.,
natural language processing techniques, interaction with the modeller, the
establishment of development-guided strategies, etc.). It is simply a matter of
applying only the natural language restrictions that are strictly necessary and
avoiding the reduction of its potential capability to express the system behavior.
The current tools do not have use case editors in order to facilitate this task.

Pattern definition is a good, centralized way to record the action transfor-
mation knowledge. This resource enables the study of the correctness, com-
pleteness, and consistency of the designed transformations. In addition, it also
facilitates the documentation, creation, understanding, application, and mainte-
nance of this knowledge. However, in order to ensure their correct and
consistent application, it is necessary to determine the best form to express the
transformation patterns (formal/informal, graphic, etc.).
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The definition of an architecture based on model transformation facilitates
the description of the transition between the dynamic behavior specifica-
tion and its analysis, at a high level of abstraction. This architecture must be
independent of implementation considerations to facilitate their maintenance and
extension. It also must control the complexity derived from the transformation
strategy. This strategy can be defined using different levels interrelated by
means of instantiation, integration, and refinement processes. Metamorphosis
has proposed a transformation strategy. However, this must be reinforced and
proved in order to determine its real reach.

It is possible to shorten the gap that traditionally exists between the
specification and the analysis of a system dynamic behavior. This can be
achieved through transformation patterns for which persistent links must be
established between the elements of the use case model and the elements of the
interaction model. These links must be documented, controlled, and maintained.

The transformation strategy must locate the dynamic model at the same level
of priority as the system structural model. With this purpose, the dynamic
model hasto be independent on the information provided by the structural model.
This strategy assumes that both models can be constructed simultaneously and
iteratively ina complementary way. Extending the transformation patterns with
structural information associated to the semantic context of anaction isapending
task.

The use of semantic roles allows the specification of the transformation
strategy to be independent from the language that is used to write the use
cases. The semantic roles can be used to describe the actions of a use case
without having to indicate its syntactic structure. Thus, the transformation
patterns can be reused for texts in different languages. Within the same
language, it is also possible to associate different types of syntactic structures to
eachrole in order to establish variants of the language. The use of roles to define
transformation patterns also facilitates their understanding and application.
However, there is not a tool exclusively created to label the use cases with roles.
A tool of this type should be designed in order to carry out this task efficiently.

The specification of interaction fragments based on roles provides a
generic structure that is applicable to different transformation patterns.
This is of special interest for the different types of actions of a use case that can
be represented using the same type of interaction fragment. Furthermore, these
generic structures facilitate the understanding of the interactions that derive
from the analysis of an action and the definition of the transformation patterns.
Research in this direction is being currently developed (see France etal., 2004).

Validation of transformation patterns can determine whether or not the
interactions deduced are correct. \We are currently carrying out more
experiments to reinforce this assumption. We are also defining a strategy to
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ensure the continuous validation of the transformation pattern catalog not only
in terms of its correctness but also in terms of its completeness and consistency.
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Abstract

This chapter proposes a framework based on design patterns to implement
UML association, aggregation, and composition relationships. To build the
framework, we propose a semantic interpretation of these concepts that
avoids the ambiguities introduced by UML. This interpretation is achieved
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by using a set of properties that allows us to characterize these kinds of
relationships. Once the semantics of the relationships have been defined,
we propose a framework based on design patterns for the systematic
generation of a software representation. The framework is based on the
properties that characterize the relationships. It provides a high-quality
solution and introduces important benefits with regard to other existing
implementation approaches. This work proposes an implementation strategy
that defines a set of mappings between the conceptual abstractions and the
proposed framework. This strategy enables the automatic instantiation of
the framework. Finally, to validate the proposal, we present a C#
implementation of a collaboration pattern. Collaboration patterns are
analysis patterns constituted by two classes that are related by an association,
an aggregation or a composition relationship.

Introduction

Current development methods and tools are focused on model-driven software
development (MDSD) processes. In particular, the model-driven architecture
(MDA) proposal of the object management group (OMG) constitutes an approach
for the development of software systems that is based on a clear separation between
the specification of the essential system functionalities and the implementation of
this specification through the use of specificimplementation platforms. MDA tries
to raise the abstraction level in software development by giving more relevance to
conceptual modeling. Models with a high level of abstraction (platform independent
models, PIM) are translated into models that are expressed in terms of specific
implementation technologies (platform specific models, PSM). The PSM can be
used to generate automatically the application code. A practical application of MDA
requires more mature techniques and tools than those that are currently available.
In order to achieve the MDA goals, we consider that it is necessary to provide:

. Conceptual modeling abstractions with a precise semantics: The preci-
sion of the modeling abstractions isakey characteristic in building appropriate
PIM. Rich conceptual models are needed to define transformations that
guarantee that the generated code is functionally equivalent to the specifica-
tion.

. Implementation techniques: Frameworksand design patterns facilitate the
implementation of the modeling abstractions in target implementation lan-
guages, the definition of transformations, and the production of high-quality
solutions.

Copyright © 2007, Idea Group Inc. Copying or distributing in print or electronic forms without written
permission of Idea Group Inc. is prohibited.



58 Albert, Ruiz, Muioz, & Pelechano

The goal of this chapter is to provide solutions for these requirements, taking the
association relationship as the target conceptual modeling abstraction. The
association relationships include the aggregation and composition UML con-
cepts.

The association relationship is one of the most widely used abstractions in OO
conceptual modeling. Several authors (Civello, 1993; Guéhéneuc & Albin-
Amiot, 2004; Henderson-Sellers & Barbier, 1999a, 1999b; Odell, 1994; Opdabhl,
Henderson-Sellers & Barbier, 2001; Saksena, France, & Larrondo-Petrie, 1998;
Snoeck & Dedene, 2001; Wand, Storey, & Weber, 1999; Winston, Chan, &
Herrmann, 1987) have studied the semantics of these relationships for many
years. They have identified structural and behavioral properties that character-
ize this abstraction. Nevertheless, a consensus has not yet been achieved. UML
does not provide a complete solution for this problem: The proposed semantics
introduces many ambiguities, as recognized in Henderson-Sellers and Barbier
(1999a); Genova, Llorens, and Palacios (2002); and Guéhéneuc and Albin-Amiot
(2004). This lack of consensus leaves the association relationship without a
precise and clear semantics. Modelers cannot use this relationship without
ambiguities during the conceptual modeling step. Therefore, automatic code
generation that takes the association relationship as input is very difficult.

With regard to design and implementation techniques, the current techniques for
implementing association relationships (for object relation, see Graham, Bischof,
& Henderson-Sellers, 1997; for metaclasses, see Dahchour, 2001; Klas &
Schrefl, 1995; for genericity, see Kolp & Pirotte, 1997) only provide partial
solutions. These solutions are either too difficult to apply (in the case of
metaclasses and genericity due to the lack of support of the majority of
programming languages) or too simple (references) to give support to the
complex behavior of an association relationship. These drawbacks indicate the
need for a high-quality implementation proposal. This proposal should enable the
CASE tools that support model-driven development to provide code generation
of the association relationship through a precise framework instantiation. This is
the strategy that is recommended by the new development approach Software
Factories (Greenfield, Short, Cook, & Kent, 2004).

The present chapter introduces four clear contributions:

. To present an association model with a well-defined semantics: This
goal isachieved by providing a precise definition for the UML association,
aggregation, and composition concepts, and removing the ambiguities
introduced by the UML. This chapter proposes a semantic interpretation
for these concepts. This interpretation is based on a conceptual framework
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that identifies a set of essential properties that allows the precise charac-
terization of the association relationships.

. To propose a framework based on a set of design patterns: (Gamma,
Helm, Johnson, & Vlissides, 1994) to improve the association relationship
implementation. This framework provides a high-quality implementation of
the association, aggregation, and composition relationships. Thisimplemen-
tation is based on the properties that characterize the relationships.

. To define a complete methodological approach for automatic code
generation: This chapter proposes an implementation strategy that de-
fines a set of mappings between the conceptual abstraction and the
proposed framework. The mappings permit the instantiation of the frame-
work to obtain a fully operative association implementation. Thisimplemen-
tation can be used to build industrial code generators. This approach
improves the productivity and the quality of the final so