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Foreword 

It is now more than fifty years since the first paper on formal specifications 
of an information system was published by Young and Kent. Even if the 
term “conceptual model” was not used at that time, the basic intention of 
the abstract specification was to a large extent the same as for developing 
conceptual models today: to arrive at a precise, abstract, and hardware in-
dependent model of the informational and time characteristics of a data 
processing problem. The abstract notation should enable the analyst to or-
ganize the problem around any piece of hardware. In other words, the pur-
pose of an abstract specification was for it to be used as an invariant basis 
for designing different alternative implementations, perhaps even using 
different hardware components.  

Research and practice of abstract modeling of information systems has 
since the late fifties progressed through many milestones and achieve-
ments. In the sixties, pioneering work was carried out by the CODASYL 
Development committee who in 1962 presented the “Information Alge-
bra”. At about the same time Börje Langefors published his elementary 
message and e-file approach to specification of information systems. The 
next decade, the seventies, was characterized by the introduction of a large 
number of new types of, as they were called, “data models”. We saw the 
birth of, for instance, Binary Data Models, Entity Relationship Models, 
Relational Data Models, Semantic Data Models, and Temporal Deductive 
Models. At this time, most of the researchers in the modeling field had, es-
sentially, a data-base orientation. I believe the first time the term “concep-
tual schema” was used was by the ANSI/X3/SPARC, Study Group on 
Data Base Management Systems, in 1975 when they formulated the “three 
schema approach” to data-base management. The conceptual schema was 
seen as the “essential schema”, depicting the content of the database in an 
implementation, and external representation independent way.   

The term conceptual modeling gradually gained general acceptance, 
perhaps largely due to the use of the term conceptual schema in the ISO 
working group’s TC97/SC5/WG5 preliminary report, Concepts and Ter-
minology for the Conceptual Schema edited by J.J. van Griethuysen, et. al. 
in 1982. At about the same time information system researchers began to 
use the term “conceptual modeling” for modeling of information systems 
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in an implementation independent way. Usually, this kind of modeling was 
carried out during the requirements elicitation and specification phase of 
systems development. The last two decades of conceptual modeling prac-
tice have been dominated by two main trends. The first is the spread and 
use of the UML object oriented language and approach, including its lan-
guage OCL (Object Constraint Language) for formulating business rules 
and constraints. The second trend, in my opinion, is the change of mode of 
modeling towards a way where users and stakeholders are very much more 
involved – participatory modeling. This trend points to the importance of 
modeling skills and knowledge becoming important not only for system 
development professionals but also for stakeholders and users. 

Antoni Olivé has written an impressive book that brings and puts to-
gether knowledge of conceptual (and data-) modeling, produced in re-
search spanning more than half a century. In doing so it summarizes, and 
puts in context, research on conceptual modeling presented in more than 
220 references. It deals with all essential aspects of conceptual modeling, 
thoroughly explained and illustrated in detail. Structural as well as behav-
ioral conceptual modeling concepts are explained in detail. Every chapter 
is concluded with a bibliographical note that gives the research-oriented 
reader the possibility of further study through references to works on that 
particular topic. Each chapter also gives students a challenge to test their 
newly acquired knowledge by solving a number of problems. A fairly 
large chapter at the end, describing a case study, illustrates the use of mod-
eling constructs presented earlier. Of practical interest are the frequent 
translations into UML and OCL of the modelling concepts that are intro-
duced. The book concludes with a chapter on “Metamodeling” and a chap-
ter on “Meta-metamodeling” and Metadata Interchange (XMI), a standard 
that enables the exchange of data about schemas as well as about schema 
instances. Metamodeling is also an important mechanism for reasoning 
about conceptual schema languages of different types and for integrating 
conceptual models with other kinds of models, such as business and enter-
prise models. 

The book is one of the most informative and comprehensive texts on 
conceptual modeling published to date. It is very appropriate for students 
of advanced level university courses in information systems, requirements 
engineering, or in data base design, as well as for qualified practitioners in 
the field. 
 
Lund in May, 2007                                                                  Janis Bubenko 
                                       Prof. em., Dr Techn, Dr. Techn. h.c., ACM Fellow 
                                             Department of Computer and Systems Science 
                                            Royal Inst. of Technology, Stockholm, Sweden 



Foreword 

Antoni Olivé has taken the time to create a book that is certain to become 
essential reading for students of conceptual modeling in Information Sys-
tems Engineering. Despite the title, this is not just “another book” on con-
ceptual modeling, data bases and information systems. Antoni Olivé has 
succeeded in creating a text that brings formalization together with the es-
sentials of information systems engineering in a way that encourages the 
understanding of both. 

The most common modeling approaches in Information Systems Engi-
neering may be classified into approaches that are process-oriented, data-
oriented, rule-oriented or object-oriented. Antoni Olivé has been a staunch 
supporter of rule-oriented approaches in his scientific work. It is impres-
sive to see how he has managed to adopt a holistic method in relating his 
rule-oriented attitude and background to the other three “schools” of 
thought.  

His objective of explaining in detail the use of the standard Object Con-
straint Language (OCL) of the Universal Modeling Language (UML) was 
essential in providing an elegant harmonization of the four approaches. To 
achieve this he starts out with the very simple assumption that an informa-
tion system has three main functions: a memory to maintain a representa-
tion of the state of a domain, an informative function to provide informa-
tion on the state of the domain, and an activity function to perform actions 
that change the state of the domain. This initial assumption rests heavily on 
his own scientific research on rule-oriented approaches to Information Sys-
tems Engineering. He has, nevertheless, managed to explain the essentials 
of UML/OCL within this framework. 

Antoni Olivé has placed more emphasis on formalizing the end result of 
the process of developing an information system than on the stages leading 
to the detailed end result. The intermediate stages between the initial con-
ception of a system, through its requirement engineering stage and into the 
finalization stage where the detailed system solution is hammered out, 
have been given less emphasis. Much of this is well treated in the litera-
ture. Most of the known approaches are not based on well-defined specifi-
cation languages. It may very well be that Antoni Olivé’s explanation of 
the formal basis of UML/OCL will encourage a re-examination of the re-
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quirements engineering phase associated with object-oriented approaches 
to information systems design, as well as a re-examination of process ori-
ented approaches. 

We cannot expect in the future to have only one universal modeling lan-
guage for Information Systems Engineering. There will always be a need 
for introducing domain-specific language constructs into the information 
system’s specific modeling language, so we will always be challenged by 
different modeling languages. Hopefully they may in the future be seen as 
various dialects of a common family of Information Systems Engineering 
languages. In order to relate the dialects to each other, we need meta-
modeling languages. Antoni Olivé’s text is rounded off with a treatise on 
meta-modeling, and he thus prepares the reader for the future need of be-
ing able to model the modeling languages. 

 
Trondheim May, 2007                                                             Arne Sølvberg 
                                                                                                         Professor  
                 The Norwegian University of Science and Technology – NTNU 
                                                 Dean of Faculty of Information Technology,  
                                                        Mathematics and Electrical Engineering



 

 
 
 
 
 
 
 
 
 
 

 
 
 
 

To those who are happy to see this book, 
and to those who would be happy to see it, 

if they were still with us. 



Preface 

Preface 

If an information system is able to perform useful actions for persons 
working in a given domain, it is because the system knows something 
about that domain. The more knowledge it has, the more useful it can be to 
its users. Without that knowledge, the system is useless. 

Most of the knowledge a system has is concrete or particular. It refers to 
concrete objects and the relationships they have in the domain at some 
point in time. Given that many systems work in domains with a very high 
number of objects and relationships, it is hardly surprising that the con-
crete knowledge they have is very large. Think, for instance, of bank man-
agement systems, where it is usual to find a large number of accounts, 
loans, etc. for which many details must be known (account holders, bal-
ances, transactions, etc.).  

However, it is not possible to have concrete knowledge about a domain 
without a prior general knowledge about that domain. A bank management 
system may know the balances of accounts once it knows that there are ac-
counts in the domain, and that accounts always have a balance. Similarly, 
the system may know the holders of accounts because it knows that ac-
counts do have holders. Concrete knowledge requires prior general knowl-
edge, which is independent of the concrete objects and relationships exist-
ing at any point in time. 

This general knowledge also includes rules that must be obeyed (for in-
stance, balances may not be negative), definitions that allow new knowl-
edge to be obtained from existing knowledge (for instance, what is under-
stood as the return on investment), and details of the actions that the users 
want the system to perform when some condition is satisfied (for example, 
how to calculate the interest earned by savings accounts). 

In the information systems field, we use the name conceptual modeling 
for the activity that elicits and describes the general knowledge a particular 
information system needs to know. The main objective of conceptual mod-
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eling is to obtain that description, which is called a conceptual schema. 
Conceptual schemas are written in languages called conceptual modeling 
languages. Conceptual modeling is an important part of requirements en-
gineering, the first and most important phase in the development of an in-
formation system. 

The elicitation of the general knowledge required by an information sys-
tem is a necessary activity. Information systems cannot be designed or 
programmed without prior elicitation of the knowledge they need to know. 
This is captured by one of the principles that guide this book, called the 
principle of necessity: “to develop an information system, it is necessary to 
define its conceptual schema”. 

The only option we have is whether or not to explicitly describe that 
knowledge. That is, whether or not to write the conceptual schema. Some-
times, system development projects choose not to write the conceptual 
schema, or they do not have the time to do so. In these cases, the general 
knowledge is in the designers’ heads only. This has many disadvantages. If 
there are several designers, they must share this knowledge without an ex-
plicit description. User participation is hampered. Once the system has 
been built, it is likely that the general knowledge will be forgotten. The fu-
ture evolution of the system will require that general knowledge to be re-
discovered. The explicit description of the conceptual schema brings many 
advantages, especially when it is done in a machine-readable language.  

Furthermore, many researchers have put forward, many times, a vision 
in which the conceptual schema is the only important description that 
needs to be created in the development of an information system. Accord-
ing to this vision, the building of information systems is completely auto-
mated. The only things to be done are to determine the functions that the 
information system has to perform and to define its conceptual schema 
(and, probably, the design and construction of the input/output user inter-
face). The huge potential economic benefit of this vision justifies the re-
search and development efforts currently devoted to it, which are being 
made mainly in the framework of OMG’s Model Driven Architecture. The 
progress made in other branches of computer science (especially in the 
field of databases) makes this vision feasible in the mid-term. On the day 
when the vision becomes a reality we shall be able to say that “to develop 
an information system it is necessary and sufficient to define its conceptual 
schema”. 
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Objectives 

The main objectives of this book are: 
 
1. To describe the principles of conceptual modeling independently of 

particular methods and languages. 
2. To describe these principles in the detail required to correctly apply 

them in real projects and to be able to assess the methods, languages, 
and tools that are most suitable in those projects. 

3. To describe the formal bases of conceptual schemas. However, in this 
book, the logical formalization is only sketched and is not pushed too 
far. The book describes the formal bases with extensive use of 
intuitive ideas and examples.  

4. To describe in detail the use of standard UML/OCL as a particular 
conceptual modeling language.  

5. To provide exercises for readers who want to practice and deepen 
their knowledge by solving exercises.  

6. To give bibliographical references for the concepts presented in the 
book and for the extensions suggested to readers, including further 
formalizations. 

Audience 

The book has two intended audiences: 

1. Computer science and information systems students who, after an in-
troduction to information systems, databases, and UML, want to 
know more about conceptual modeling in their preparation for profes-
sional practice. 

2. Professionals with some experience in the development of informa-
tion systems who feel a need to formalize their practical experiences 
or to update their knowledge, as a way to improve their professional 
activity. 

Some prerequisite knowledge is assumed – and necessary – in order to 
benefit from the book: 

1. Knowledge of the fundamental concepts of the language of first-order 
logic. 

2. Knowledge of fundamental concepts of object technology, such as 
classes, operations, and inheritance. 
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3. Knowledge of the fundamental constructs of ER and UML for infor-
mation modeling. A basic knowledge of OCL is necessary from 
Chap. 8 onwards. 

Structure of the Book 

The 18 chapters of this book are divided into five logical parts: 

• Chapter 1: introduction. Here we give a general view of conceptual 
modeling. Readers with prior knowledge about the field may skip this 
chapter, but it may be useful to those who want to recall concepts and 
terms learnt long ago. 

• Chapters 2–10: structural modeling. Here we study the concepts of en-
tity types, relationship types, constraints, derivation rules and taxono-
mies. 

• Chapters 11–15: behavioral modeling. Here we describe the concepts of 
events, their constraints, and their effects. We also describe behavioral 
modeling with state machines and statecharts. We include a review of 
the concept of the use case and its relationship to the conceptual 
schema.  

• Chapter 16: a case study. In the preceding chapters, we follow a bot-
tom-up approach, starting with the basic elements of entity and relation-
ship types, and then proceeding to more complex elements until we 
reach state transition diagrams and statecharts. In this chapter, we pro-
vide an integrated view of conceptual modeling by means of a case 
study. 

• Chapters 17 and 18: metamodeling. Here we introduce the main con-
cepts of metamodeling and describe their use. We study two important 
standards related to metamodeling: the MOF and XMI. 

Figure I.1 shows the main precedence relationships among the chapters 
of this book. 

The book also includes a companion website (http://www-pagines. 
fib.upc.edu/~modeling) where students and professionals can find addi-
tional exercises, case studies, reading material and presentations on se-
lected topics. If you have any comments on the book, any typos you have 
noticed, or any suggestion on how it can be improved, I would like to hear 
from you. The companion website includes information on how to contact 
me. 

For the convenience of the reader, in this book I use “he” to refer to both 
genders. 
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Fig. I.1. Main precedence relationships among the chapters of this book

1 Introduction

2 Entity types

3 Relationship types
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constraints
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11 Domain events

12 Action request
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