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Chapter 1  
 
Introduction 
 
 
Analysis is one of the first phases in software development. During this 
phase, the functional requirements of the software system to be developed 
are specified. This specification is built in terms of facts that have been 
observed in the problem domain or business domain. The problem domain is 
defined as that part of the real world that is of relevance for the envisaged 
system.  
  
The object-oriented paradigm is a software development approach covering 
all phases of the life cycle of a software system, including analysis. The 
object-oriented approach focuses on identifying and interrelating objects 
with their corresponding characteristics and behaviour. In analysis, this 
result in a model that describes all relevant real-world objects, including 
their business rules.  
 
A pattern is a description of a solution to a recurring problem within a 
certain context. A pattern must describe how it resolves the stated problem 
and why it is a good solution. We need both arguments to convince us that 
the pattern is neither pure theory nor blindly following others [App97].  
 
It is often useful to study how problems should not be solved. Understanding 
a bad solution can help to determine the good ones. An anti-pattern is the 
description of a bad solution to a recurring problem. An anti-pattern must 
describe why it is not a good solution. 
 
In this chapter, the title of this thesis will be further unravelled. In section 1, 
the purpose and the need for an analysis phase is described and positioned in 
the software life cycle. In section 2, the object-oriented approach for analysis 
is briefly introduced and its main characteristics are discussed. Section 3 
reveals some major problems and difficulties with current practices of 



Chapter 1. Introduction 
 

 2

object-oriented analysis. In section 4, the goals of this thesis are given. In the 
last section, an overview of the thesis is given. 
 
 
1 Software Engineering 
 
In software engineering, as for other engineering disciplines, the 
development of a system is divided into a number of activities.  Analysis, 
design, implementation and deployment are common names for some of the 
phases in the software life cycle. The exact number and naming of the 
phases may vary between the different life cycle models. In the next 
subsections, the different phases are positioned in the software life cycle. 
The emphasis is on the analysis phase. 
 
 
1.1 Analysis 
 
1.1.1 The Purpose of Analysis  
 
The major purpose of analysis is to establish the functional requirements 
raised by the clients and to be solved by the system. As promoted eloquently 
by Jackson [Jack83, p.4], a developer should begin by creating a model of 
reality, followed by a description of the functional requirements that is based 
on the created model of reality. Jackson argues that this principle promotes 
extendibility, preciseness and communication. We claim that functional 
requirements cannot be precisely described without detailed knowledge of 
the real world that is relevant for the envisaged system. If this knowledge is 
absent, a designer cannot be blamed that important aspects in the ultimate 
system are overlooked. For instance, in such a case it is possible that the 
ultimate system violates important business rules. In this thesis, it is assumed 
that the relevant real-world knowledge and the functional requirements must 
be completely and formally specified. The results of the analysis activity are 
expressed in a conceptual model. These results are primarily intended as 
input for the design phase.  
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1.1.2 Analysis is about real-world Facts and functional Requirements 
 
The analysis phase concerns the specification of real-world facts and 
functional requirements. During analysis, the transition into a software 
system is not (yet) at stake [Stee00, p.2]. In other words, analysis is about 
real-world facts in the problem domain and not about software or hardware 
facts in the system domain. More precisely, analysis deals:  
 
•  with real-world objects such as persons, accounts, cars and books and 
does not deal with possible software representations of real-world objects 
such as software classes and software objects nor with database tables and 
records;  
 
•  with structural real-world facts such as the balance of an account and the 
name of a person and not with possible representations of such properties in 
terms of attributes of classes or fields of database tables;  
 
•  with behavioural real-world facts such as the withdrawal of an account 
and not with queries updating databases or with software methods 
manipulating software objects;   
 
•  with real-world business rules such as a rule that the balance of an 
account must exceed its limit at all times and not with decisions about how 
business rules can be implemented and enforced in a computer system.  
 
Most real-world facts can exist without the presence of computer systems. 
For instance, accounts, the balance of an account, a withdrawal of an account 
and the balance of an account that must exceed its limit are observed real-
world facts that already existed before the introduction of computer systems.  
 
Notice that the models that will be presented in chapter 2 to 6 are conceptual 
models. Consequently, only statements in these models are made about 
observed facts in the real world and no statements are made about possible 
hardware or software decisions for the envisaged computer system. 
 
Since analysis also deals with functional requirements, another common 
name for this phase of the software life cycle is requirements engineering 
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[Roll92, p.3]. However, there is more to specify than functional 
requirements. Non-functional requirements are another important aspect of 
specification. 
 
 
1.1.3 Analysis cannot be omitted during Software Engineering 
 
Because every computer system is concerned with a certain reality outside 
itself, analysis of real-world facts is a necessary step in the development of a 
computer system. How can a solution be worked out without knowing the 
real world in which the system must operate? Notice that a certain implicit 
model of the real world is always present in the minds of the developers. The 
lack of an explicit specification of reality often leads to ambiguities 
disturbing later stages in system development. Don’t suppose too fast that all 
the real-world facts are known in all detail. 
 
As the demand for complex software systems grows, analysis is gaining 
importance. As stated in [Fran03, p.XX], a steadily increasing percentage of 
developers revolve around issues related to modelling the business problems 
to be solved, rather than the details of writing code. This is not because 
developers necessarily want to move in this direction. The increasing 
complexity of business problems that must be solved demands such a 
requirements-driven approach.  
 
Analysis helps the developers to understand and document the business 
domain. That “developers do not understand the business” is an often and 
loudly heard complaint by the client of the software system.  Moreover, the 
later mistakes during analysis are detected, the more costly it is to remedy 
these problems [Gree94, p.135]. The fundamental role of conceptual 
modelling in software engineering is nowadays generally accepted by the 
research community. Accordingly, investigation in conceptual modelling 
remains essential. This thesis mainly deals with research for adequate 
modelling constructs and guidelines for analysis. 
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1.1.4 Adequate Analysis Guidelines and modelling Constructs are needed 
 
In order to model precisely and completely all envisaged functional 
requirements and the related real-world facts, a developer must be offered an 
adequate conceptual modelling language and an adequate conceptual 
modelling method. It is a blind assumption, that a language that is 
appropriate for design purposes is also appropriate for analysis purposes. In 
chapter 2 to 6, analysis constructs and guidelines are offered for representing 
all kinds of real-world facts, such as objects, structural and behavioural facts 
and business rules. 
 
 
1.2 Design 
 
The major purpose of design is to decide how the requirements resulting 
from analysis and the non-functional requirements can be implemented in 
terms of software. The decisions will be based on software quality factors 
and non-functional requirements [Beka02, p.35]. Consequently, the design 
phase concerns the description of a software product. The result of the 
design activity is expressed in a computational model [Dies00, p.4], also 
referred to as a design model. Although this thesis mainly deals with 
analysis, the relationship between the analysis phase and the design phase 
will be discussed to some extent. 
 
 
1.3 Implementation and Deployment 
 
The implementation phase deals with coding the software system. This phase 
carries out the findings of analysis and design and results in executable code. 
During deployment, the software system is brought into use. These two last 
phases of the software development cycle fall outside the scope of the thesis, 
but the applicability of some well-known programming techniques at the 
level of analysis will be evaluated. 
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2 An Object-Oriented Approach for Analysis 
 
2.1 Principles and Concepts 
 
The primary modelling construct of the object-oriented approach, namely 
objects, is said to match well with the real-world environment [Hubb98, 
p.22].  As observed in [Shlae88, p.9], the world is full of objects or things. 
The complexity of a real-world problem is conquered by subdividing it into 
smaller parts. In the object-oriented approach these smaller parts are objects. 
Booch calls this process object-oriented decomposition [Booc94, p.17]. 
Prior to the object-oriented approach, structured analysis (and design) 
subdivided the problem into functions. This process was called functional 
decomposition. The data-oriented approach emphasizes data structures. 
 
Contrary to the function-oriented approach and the data-oriented approach, 
the object-oriented approach places equal emphasis on modelling static and 
dynamic properties in order to achieve an integrated result [Roll92, p.12]. 
Static properties are structural real-world facts while dynamic properties are 
behavioural real-world facts. Whereas static properties deal with the state of 
an object at any given moment in time, dynamic properties deal with 
changes of this state over time. 
 
The object-oriented paradigm introduces powerful modelling constructs such 
as generalization-specialization, polymorphism and encapsulation [Stee02, 
p.18]. Generalization-specialization allows the analyst to specify an “is-a” 
relationship between objects. At the level of analysis, we define 
polymorphism as the capability to reason about a superset of objects, and to 
further refine such reasoning for subsets of this superset. Both constructs are 
further discussed in chapter 6. The basic idea behind encapsulation or 
information hiding is to conceal irrelevant details from the potential users of 
a given element. This construct results in some basic patterns that are 
introduced in chapter 2. 
 
 
2.2 Current Practices 
 
The object-oriented representation of real-world facts is generally accepted 
as an appropriate foundation for conceptual modelling [Green94, p.136] 



Chapter 1. Introduction 
 

 7

[Coad90, p.34] [Stee00, p.1] [Past01, p.508]. This does not prevent that 
considerable difficulties with object-oriented analysis are reported [Hoyd93] 
[Embl95] [Sim00] [Opda02]. One of these problems is that most modelling 
languages and analysis methods are strongly influenced by design and 
implementation issues. In section 3, the most important problems in this area 
are described, and some solutions are suggested. 
 
These problems perhaps explain why in practice the specification of the 
problem domain is often completely or partially omitted, although 
researchers recognize its crucial role in software development. As stated in 
[Said03, p.5], by skipping analysis the developer fails to bring the 
requirements as a central issue into design. These problems perhaps also 
explain why the analysis phase is poorly understood and a large number of 
errors can be found in current industrial practice and publications [Fern00, 
p.183]. 
 
We are convinced that the fundamentals of the object-oriented approach, 
such as for instance object-oriented decomposition, offer significant 
advantages over other approaches. However, we do recognize that problems 
still exist in applying an object-oriented approach during analysis (as well as 
during design and implementation). In this thesis, the traditional object-
oriented approach is adopted as far as it permits the analyst to adequately 
obtain the major goals of analysis.  
 
In accordance with the adoption of the object-oriented approach, the Unified 
Modeling Language (UML) [OMG01] will be used and evaluated as a 
language for conceptual modelling. Nowadays, the UML is the de facto 
standard for object oriented modelling both during analysis and design. As 
of this writing, the current version of the UML is 1.4. When this thesis refers 
to the UML, it refers to version 1.4 unless otherwise stated. 
 
 
3 Problems with Object-Oriented Analysis 
 
In this section, some of the problems with object-oriented analysis in 
software development are discussed in more detail. In subsection 3.1, 
problems related to the fuzzy line between analysis and design are discussed. 
Subsection 3.2 then outlines the lack of adequate constructs for conceptual 
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modelling. Throughout this text, we will work out suggestions for better 
concepts. Subsection 3.3 discusses the need for more guidelines in 
conceptual modelling. Even experienced analysts need some guidance in 
how to model real-world facts in the most appropriate way. In subsection 
3.4, we report on the lack of proper quality criteria for conceptual modelling. 
Finally, subsection 3.5 presents some of the problems dealing with the 
transition from analysis to design. 
 
All of these problems are heavily interrelated. As an example, the fact that 
most modelling constructs offered by the UML are more suited to build 
computational models than conceptual models, amplifies the vague border 
between analysis and design. As another example, the lack of practicable 
quality criteria strengthens the lack of conceptual modelling guidelines. 
 
 
3.1 The Boundary between Analysis and Design  
 
In traditional object-oriented software development, the separation between 
analysis and design is vague. In most cases, the exact boundary is hard to 
determine. Analysis and design activities are considered to exist on a 
continuum. Development gently flows from more analysis-oriented activities 
to more design-oriented activities. The vague border is often viewed as an 
advantage that permits a smooth transition from analysis to design. Some 
people even give explicit warnings that a debate about the terms “analysis” 
and “design” can lead to terminology wars. They claim that trying to be rigid 
about what constitutes an analysis step versus a design step is not very useful 
and may even be contra-productive [Larm98, p.15]. 
 
We believe that the vague border between analysis and design must be 
avoided because of two fundamental disadvantages: 
 
•  Due to the vague border between analysis and design, the first and 

fundamental principle of description, which is to identify clearly the 
subject of what is being described, is violated [Jack02, p.5]. If a 
developer does not know if the software development process is at the 
analysis phase or design phase, it is impossible to answer what the model 
elements represent. In particular, it will be unclear whether software 
artefacts are being modelled, or real-world facts. If there is no clear line 
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between analysis and design, design models can be read as analysis 
models and vice versa, which obviously can lead to misinterpretations. In 
such cases, there is the often unspoken assumption that all descriptions 
are about the software domain [Jack02, p.6] and the problem domain is 
neglected.  

 
•  Lacking a proper line separating analysis from design, the principle of 

separation of concerns is also violated. An analyst’s main goal is to 
capture real-world knowledge and does not want to capture any design 
issues. Separation of concerns is a principle that is at the core of software 
engineering. It refers to the ability to identify, and manipulate those parts 
that are relevant to a particular concern or purpose [IBM03]. As stated in 
[Hoyd93, p.243], the burden of the translation from the problem domain 
to the software domain should not be put on the analysis phase itself, but 
on transition from analysis to design. 

 
We believe that a strict border must be defined between analysis and design 
during software development. During analysis, only real-world facts will be 
represented. Consider as an example the conceptual model in Figure 1. A 
model element such as the class Person represents the set of all persons 
living on mother earth. At the level of analysis, the class does not represent 
software objects registering some information about some persons. As a 
consequence, the constructor Person() represents the birth of a person and 
not the registration of some personal data in an information system.  
 
 

 

 ResearchAssistant

ResearchAssistant ()

Person 
name : String 
Person() 

 
context Person :: Person(name: String) 
post:  self.name = name 
 
context ResearchAssistant :: ResearchAssistant(name:String) 
post:  Person(name) 
 

Figure 1 The property of real world modelling 
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The property of real-world modelling forces the analyst to focus on the 
problem domain instead of on the software domain. Although real-world 
modelling is advocated by many authors [Macg92, p.9] [Brow02, p.100], 
real-world modelling and its consequences are not fully applied. As observed 
in [Jack95, p.3], object-oriented analysis is often accompanied by fine words 
about modelling the real world but when the descriptions are examined in 
more detail it can be concluded that they are descriptions about 
programming objects, pure and simple.  As an example consider the class 
ResearchAssistant. At the level of analysis, the specification of the 
constructor ResearchAssistant() in Figure 1 is invalid. Some persons 
are born as research-assistants. This does not reflect and is in contradiction 
with the real-world knowledge. At level of design, the specification can be 
valid. A new software object research-assistant is created and consequently 
also a software object person. 
 
 
3.2 The Modelling Constructs 
 
As a standard modelling language, the UML is often used for object-oriented 
analysis, but the constructs offered by the UML (and most other object-
oriented modelling languages) to perform analysis are mainly derived from 
object-oriented design and object-oriented programming. The derivation of 
modelling constructs for analysis purposes from design languages and 
programming languages causes several problems: 
 
•  A substantial problem in object-oriented analysis is that most modelling 

languages, such as the UML, are more suitable to build computational 
models than to build conceptual models. As stated in [Gree94, p.144], it 
is not wise to design requirements modelling languages by merely 
adopting programming language ideas. Due to the different goals of 
analysis and design, it is a very blind assumption that modelling 
constructs, which are convenient for design and programming, are by 
definition also adequate for analysis. As an example, are invariants for 
classes and preconditions for methods adequate constructs to represent 
business rules at the level of analysis? This topic is discussed in chapter 
5. As another example, are attributes adequate constructs to model 
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structural aspects at the level of analysis? This topic is further discussed 
in chapter 2. 

 
•  In the UML, a definition for a construct is given that should be adequate 

for analysis as well as for design purposes because the UML claims to 
cover both phases of the software development cycle. In the UML, this 
leads to definitions that are either very abstract or to definitions that are 
rather design-oriented. The problem of a multi-purpose definition for 
UML constructs is also observed in [Opda02, p.64]: “each definition in 
the UML glossary is a compromise between different goals, very often 
promoting technical issues at the expense of representing the problem 
domain”.  

 
•  Because the UML constructs are derived from design and programming 

constructs, three of the four general deficiencies with conceptual 
modelling constructs, identified in [Wand93], are likely to occur. These 
deficiencies are:  construct redundancy, construct excess, construct 
deficit. Construct redundancy occurs when more than one construct can 
represent the same type of real-world facts. Construct excess occurs when 
a construct does not represent a type of real-world facts. Construct deficit 
occurs when a type of real-world fact cannot be represented by any of the 
modelling constructs in the language. The fourth deficiency is construct 
overload and is less likely to occur. Construct overload occurs when the 
same construct represents several types of real-world facts. 

 
•  Perhaps the most difficult aspect of analysis is avoiding software design 

[Davi93]. Many so-called analysis methods are really design methods 
because their constructs are more appropriate for design than for analysis. 
This corrupts the analysis phase by introducing preliminary design 
decisions. Many conceptual models expressed in the UML are oriented 
towards system implementation. Lots of design decisions are taken 
during the development of a conceptual model. As observed in [Embl95, 
p.19] and in [Hoyd93, p.244], object-oriented analysis as preached and 
practiced is more preliminary design than a representation of real-world 
facts, and is rather target-oriented or implementation-oriented than 
problem-oriented. As stated in [Jacks95, p.1], the inability to describe the 
problem domain explicitly has been one of the most glaring deficiencies 



Chapter 1. Introduction 
 

 12

of software practice and theory. Many development methods claim to 
offer an analysis of the problem at hand, when in fact they only offer an 
outline of a solution, leaving the problem itself unexplored and 
unexplained.  

 
 
3.3 The Modelling Guidelines 
 
The UML is a modelling language not a modelling method. It does not guide 
the software engineer in how to perform object-oriented analysis and design. 
In the current state of the art, there exist no generally accepted guidelines 
how to use UML for modelling a real-world system [Ever01, p.355]. 
Consequently, there is a need for a method to guide the analyst how to 
specify requirements and real-world facts in the most adequate way. 
 
Due to the lack of guidelines, there exist several alternatives to model the 
same set of real-world facts. Choices usually imply that there are some 
alternatives that are superior to others, and that several alternatives may exist 
that model the same real-world facts in an equivalent way. We believe that it 
is not the task of the analyst himself to evaluate different alternatives; this is 
the main task of a proper method for object-oriented analysis. An analyst 
must be able to focus on the real-world facts and not on modelling 
alternatives. A method should guide the analyst to the better alternatives. 
Furthermore, such guidelines will lead to standardization in conceptual 
modelling.  
 
One could argue that patterns guide the developer by describing the best 
solutions for often recurring problems. However, in the current state of the 
art, most patterns in object-oriented software development, and definitely the 
best-known ones, are situated at the design stage [Gamm95]. Examples of 
analysis patterns can be found in [Fowle97, pp.15-237] [Erik00, pp.187-352] 
[Dsou99, pp.575-606] [PLoP] [Fern00] [Joha98]. Existing patterns at the 
level of analysis have several shortcomings: 
 
•  Most analysis patterns describe how to model structural aspects and 

neglect behavioural aspects and/or business rules.  Most patterns do not 
describe how to model behaviour or restrictions. At best, they merely 
suggest adding behaviour and restrictions to structural aspects, without 



Chapter 1. Introduction 
 

 13

proper guidelines concerning how to express them. The reason for this is 
that conceptual models are often restricted to modelling structural aspects 
only. In that sense, conceptual modelling comes close to information 
modelling, an established approach in the area of databases. 

 
•  Most analysis patterns are domain-dependent. A method for object-

oriented analysis must offer guidelines that can be used in all domains. 
We do agree that most analysis patterns can be abstracted to some degree 
and become less domain-dependent, but they still are not applicable in all 
possible domains. As an example [Fern00], an analysis pattern for a 
hospital treating patients can be abstracted to organizations treating 
things. Obviously, the more general pattern can be re-used in conceptual 
models for other domains, such as repairing cars or maintaining computer 
systems. The abstracted pattern is however still domain-dependent. 
Moreover, specific knowledge about particular domains, such as detailed 
contracts for defect computer systems, must still be worked out explicitly. 
These more abstracted patterns could be considered as frameworks.  

 
•  Another technique, aside abstraction, of many analysis patterns is to 

introduce meta-level constructs in a conceptual model. For instance, the 
analyst could introduce the class Attributes in a conceptual model. 
These patterns claim to promote flexibility and extendibility. On the one 
hand, we do not always reject this technique, on the other hand, the 
ultimate flexibility and extendibility cannot be found in proposing the 
meta-model as conceptual model for a particular problem domain. 

 
•  Most analysis patterns take the modelling language as given and do not 

evaluate the used modelling constructs. In fact, some patterns are 
introduced for expressing real-world facts in terms of the limited power 
of the modelling language. With more proper supporting concepts, there 
would have been no need for such patterns. The possible problems with 
modelling constructs were already described in the previous subsection. 

 
•  Some analysis patterns are in fact design patterns. Consider as an 

example the “temporal patterns” proposed in [Fowl]. These patterns 
describe how to model the history of changes. The “audit log” pattern 
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proposes to record the history of changes in a log file. This is clearly a 
design decision.  

 
 
3.4 The Modelling Quality Criteria 
 
It is very difficult to build guidelines for conceptual modelling if it is 
impossible to define quality criteria for conceptual modelling. As stated in 
[Sisa02, p.414], the literature devoted to conceptual modelling quality 
criteria is limited, in particular for UML schemas. Examples of quality 
criteria for conceptual modelling can be found in [Lind94] [Asse96] 
[Sisa02]. Existing quality criteria reveal several shortcomings. These 
shortcomings are interrelated and presented in next paragraphs: 
 
•  Many quality criteria are vaguely defined. Consider as an example the 

quality criterion feasible completeness [Lind94]. Feasible completeness is 
defined as a state in which no real-world fact can be found that is not 
modelled, and where the additional benefit to introduce this fact in the 
model exceeds the additional drawbacks of including it. We agree with 
the authors that total completeness is not reachable, but the problem 
remains that there exists only a vague comprehension of the terms 
“additional drawback” and “additional benefit”. 

 
•  Many quality criteria are not measured appropriately or are difficult to 

measure. Examples of conceptual modelling metrics can be found in 
[Poel98] [Gene02] and in [Sisa02]. Consider as an example the quality 
criterion simplicity. In [Sisa02, p.419], simplicity is measured in function 
of the number of relationships between classes in a conceptual model. 
Consequently, a conceptual model with one relationship and two classes 
is more complex than a conceptual model with thousand classes and no 
relationships. We believe that this is an example of a badly measured 
quality criterion. Furthermore, a model representing a lot of real-world 
facts is more complex than a model representing only a few real-world 
facts. But measuring this complexity as such does not help an analyst in 
building quality models. An analyst must model a given set of real-world 
facts and cannot decide to model only a certain subset of the given set. If 
the analyst cannot replace a model element by other model elements 
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representing the same real-world facts, it is invalid to simply remove this 
model element in order to increase simplicity. 

 
•  Some quality criteria are questionable. Consider as examples the quality 

criteria of homogeneity and explicitness. A class represents a set of 
objects and should be homogeneous. According to [Asse96], this means 
that classes may not contain highly dissimilar objects. From this 
perspective, the quality criteria homogeneity is not inline with the 
construct of generalization. The important construct of generalization in 
the object-orientation paradigm leads to classes containing more 
dissimilar objects. On their turn, these classes could be generalized, 
which leads to classes with even more dissimilar objects.  On the other 
hand, specifications of a class, which apply on all objects, are preferred 
against specifications of class, which only apply on a particular subset of 
object of that class. This preference can be also interpreted as “classes 
must be homogeneous”. From this perspective, we agree that classes 
should be homogeneous. Explicitness means that information about the 
problem domain should be represented at the class level and not at the 
object level. One could question why it is wrong to introduce an object 
with specific properties in a conceptual model? Why can an analyst 
specialize classes into subclasses, which represent two objects, but why 
can he not specialize a class into one object? This kind of specialization is 
further discussed in chapter 6. Of course, a large number of objects will 
not be modelled directly via objects; classes remain a dominant construct 
in conceptual modelling. 

 
•  Some quality criteria are obvious. Of course, this is not really a 

shortcoming, but these obvious criteria are insufficient to guide an analyst 
to “good” models. Consider as an example the criteria syntactic 
correctness and semantic correctness. A model is syntactic correct if all 
specifications adhere to the modelling language rules. A model is defined 
as semantic correct if all specifications describe the observed real-world 
facts in a correct way. 

 
•  Some quality criteria deal with understandability of the model by its 

possible users, such as domain experts, end-users, clients and designers. 
Once again these quality criteria are not a shortcoming, on the contrary, 
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but from our point of view a conceptual model is an artefact made by the 
analyst and is not necessarily a communication tool. In this thesis, no 
statements are made about the way an analyst should communicate with 
his audience and about the appropriateness of conceptual models as 
communication tool.  Obviously, if the audience of an analyst doesn’t 
understand conceptual models, the analyst is forced to search for other 
ways of communications, but an argument as “this conceptual model is 
too complex to be understood by a possible user” is not a valid argument 
against that model as such. This only means that the analyst must search 
for other ways of communication than the conceptual model at hand.  

 
 
3.5 The Transition into Design 
 
The transition into design is sometimes viewed as a process refining the 
model step by step. During design, more technical details are added to the 
model. We have already stated that it is a blind assumption that design 
constructs are also suited for purposes of analysis. The opposite is also true: 
elements populating conceptual models are not necessarily appropriate 
building blocks for computational models. For instance, a certain class or a 
certain attribute that are present in a conceptual model, are not necessarily 
present in a computational model. Moreover, typical constructs for analysis, 
such as class constraints (presented in chapter 5), cannot remain in a design 
model per definition. 
 
The transition process from conceptual models into design models and code 
is complex and not fully understood. Consequently, the connections between 
analysis artefacts on the one hand, and design artefacts and code, on the 
other hand, are too loose. Traditionally, the transition is done by hand and 
not automated. Conceptual models are often looked at as documentation only 
and as a productivity loss. As observed in [Klep03, p.5], this is one of main 
reasons why documentation, and thus conceptual models, is often not of very 
good quality. Some people argue that in the object-oriented paradigm the 
transition from analysis to design is an easy process. This is often because 
their conceptual models don’t describe real-world facts, but are rather high-
level design models. 
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We are in favour of automated transformations of analysis models into 
design models and/or programming code. Automated transformations are a 
key element in the MDA framework [OMG03]. The MDA approach tries to 
raise the level of abstraction for producing programming code. From this 
perspective, the analysis level is the ultimate level of abstraction. Automated 
transformations from conceptual models into design models fall outside the 
scope this thesis.  
 
 
4 Goals of the Thesis 
 
The goal of this thesis is threefold. The objectives are briefly introduced in 
next three paragraphs and further worked out in the next three subsections. 
  
•  A first objective is to evaluate the adequateness of the UML constructs to 

perform analysis. This objective is limited to the UML constructs for 
building class diagrams, object diagrams and uses case diagrams. These 
diagrams can be typically used for analysis purposes. Developers also 
most often use these diagrams when the UML is adopted [Zeic02]. If no 
adequate constructs or semantics for these constructs are available in the 
UML, better constructs and semantics will be proposed. 

 
•  A second objective is to offer the analyst patterns and anti-patterns for 

conceptual modelling. These patterns guide the analyst in building quality 
conceptual models and allow him/her to focus on the problem domain. 

 
•  The third objective is to define principles for conceptual modelling. 

These principles will help to evaluate the proposed modelling constructs 
and guidelines and can be considered as quality criteria for conceptual 
modelling. 

 
 
4.1 The UML and Conceptual Modelling Constructs 
 
An analyst needs an adequate modelling language, offering a set of adequate 
conceptual modelling constructs. Each of these constructs must allow the 
description of a certain type of real-world facts. In other words, the use of 



Chapter 1. Introduction 
 

 18

these constructs represents a real-world semantics.  In this set of constructs, 
no construct redundancy, construct excess, construct deficit and construct 
overload should occur. We believe that this modelling language should be as 
much as possible in line with the UML, the de facto standard modelling 
language for object-orientation. 
 
The UML provides a built-in extension mechanism, which allows defining 
profiles [OMG01, p.2-74]. A profile is defined for specific purposes and is a 
coherent set of compliant UML-extensions, defined by stereotypes, 
constraints and tags. A major problem is that possible extensions may not be 
in conflict with the predefined UML constructs; it is only possible to refine 
predefined UML-constructs. From the UML’s point of view, this is logic: if 
it would be possible to contradict existing UML constructs, then there would 
be no standardization anymore. Another problem is that the extension 
mechanism of the UML is rather primitive.  
 
In the next paragraphs, three directives are proposed in order to ameliorate 
the UML for conceptual modelling. In this thesis, these directives will be 
handled in a partial way. These directives are: 
 
•  The UML constructs that are adequate for analysis purposes must be 

clearly identified. This is only a subset of the UML constructs. Other 
UML constructs are defined to be inadequate for analysis purposes.  

 
•  The use of each of these useful UML constructs must represent a well-

defined real-world meaning. Different semantics for constructs that are 
used during analysis and design is needed because of the different goals 
of both phases in the software lifecycle. Probably it would be better to 
use different names for constructs with different semantics. 

 
•  Adequate constructs for analysis purposes that are not offered by the 

UML must be clearly identified. If possible, these constructs could be 
added to the UML by making use of a profile. Otherwise, these constructs 
could be adopted in a later version of the UML. 
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4.2 Patterns and Anti-Patterns 
 
Aside adequate modelling constructs, an analyst needs adequate modelling 
guidelines. In the next chapters, patterns and anti-patterns for analysis 
purposes will be proposed. These patterns and anti-patterns are situated at 
the meta-model level. As stated in [Fowle97, p.298], meta-model patterns 
describe modelling languages rather than the models themselves. Meta-
model patterns describe the use of constructs in modelling languages, 
whereas “normal” patterns or model patterns describe useful models 
[Devo02, p.478].  
 
In the UML, a four-layer meta-model architecture is defined. These layers 
are: the user objects layer (M0), the model layer (M1), the meta-model layer 
(M2) and the meta-metamodel layer (M3). The primary responsibility of the 
meta-model layer is to define a language for specifying models, whereas the 
primary responsibility of the model layer is to define a language that 
describes a problem domain [OMG01, p.2-4]. Meta-model patterns operate 
at the meta-model layer, whereas model patterns operate at the model layer.   
 
Meta-model patterns can give rise to the introduction of new constructs and 
the rejection of existing constructs, e.g., a new construct for modelling the 
history of values is introduced and the use of an association class is rejected 
in [Fowle97, p.301-305]. Meta-model patterns investigate which constructs 
are needed to specify real-world facts, and how they can be used. Meta-
model patterns describe the use and adequateness of meta-level constructs 
such as attributes, queries, associations, preconditions, invariants, classes 
and generalization relationships. An advantage of meta-model patterns is 
that these patterns are not domain-dependent. 
 
The patterns worked out in this text are not only meta-model patterns but 
also analysis patterns. Analysis patterns describe solutions to recurring 
problems in the context of conceptual modelling. We want to underline that 
these patterns are only valid during object-oriented analysis.  During object-
oriented design, other, design-oriented patterns are needed [Gamm95]. Meta-
model patterns for analysis help to model reality and are part of an analysis 
method. A good analysis method imposes rules on the constructs it offers. 
An analyst must focus on the problem domain rather than to concentrate on 
possible modelling constructs or alternatives to model reality. A decision of 
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an analyst on how to represent an observed fact indicates a lack in the 
analysis method. We believe that the ultimate goal of an analysis method is 
to guide the analyst in specifying precisely all relevant real-world facts 
without any design or modelling concern. 
 
The patterns proposed in the next chapters will deal with structural aspects 
as well as with behavioural aspects, with business rules and with functional 
requirements. The proposed patterns will be described using the following 
template: a problem description, possible anti-patterns or bad solutions 
followed by a solution that defines the pattern. Each pattern will be 
illustrated with examples. 
 
 
4.3 Principles for Conceptual Modelling 
 
In this subsection, some principles for conceptual modelling will be 
proposed. The proposed analysis patterns in the next chapters will be 
evaluated with the help of these principles, however not all principles can be 
always respected. 
 
 
4.3.1 The Principle of Completeness 
 
Given a finite set of real-world facts S, the principle of completeness states 
that all real-world facts of S must be represented. In [ISO82] and [Borg85], 
the need to model behavioural aspects and restrictions was already 
emphasized. Other authors propose to postpone such kind of “details” until 
the design or even until the implementation phase [Peet01, p.88]. In contrast 
with these authors, we do not see why it would be unimportant to model a 
certain real-world fact f1, which is an element of S, if it is important to 
model another real-world fact f2, which is also an element of S. Problems 
will arise as soon as a design model is derived from a conceptual model in 
which certain facts have been omitted. For instance, the designer cannot be 
blamed that the ultimate system violates a given business rule, if the latter 
has not been included in the conceptual model. The designer has to focus on 
design decisions and not on identifying business rules.  
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This principle must be extended towards the functional requirements. A 
conceptual model must describe all the functional requirements imposed on 
the target system. Notice that this can imply that the set of real-world facts S 
must be extended, because the specification of functional requirements is 
based on the specification of the real-world facts. For instance, it is 
impossible to specify a functional requirement that returns the balance of an 
account given the account number when there is no notion of balance, 
account number or account. 
 
We further assume that the set of real-world facts and the set of functional 
requirements that must be represented are given and correct. This thesis does 
not cover the knowledge acquisition process. During this process, the analyst 
should discover and capture knowledge. Such knowledge may be found in 
existing computer systems, in documentation and in interviews with domain 
experts. This thesis only deals with the conceptualisation process, which 
concerns the formalization and representation of discovered knowledge. 
 
Notice that we clearly distinguish between real-world facts and functional 
requirements. Real-world facts are statements about observations of the 
reality. Functional requirements are statements about what the target system 
should offer to its end-users. For instance, a statement such as “all accounts 
have a balance and an account number” is a real-world fact. A statement that 
“a system must be able to return the balance given the account number” is an 
example of a functional requirement.  
 
 
4.3.2 The Principle of Abstraction 
 
A conceptual model representing some part of the external world may 
become rather complicated due to the inherent complexity of the real world. 
On the other hand, an application is only interested in a fraction of all details 
of the external world. Generally, abstraction will help the analyst to bridge 
the gap between the overwhelming complexity of the real world and the aim 
for simplicity in software engineering. 
 
 The principle of abstraction states that only the real-world facts of the given 
set S may be modelled. In other words, the analyst cannot be forced to 
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further investigate the problem domain in order to be able to model the given 
set of real-world facts. For instance, an analyst is not obliged to specify the 
upper bound multiplicity of an association end, if that upper bound is not 
relevant. Assume as an example that a supplier must have at least three bank 
accounts. The principle of abstraction demands that this fact can be modelled 
without the need for the analyst to investigate the maximum number of bank 
accounts a supplier can have.  
 
Some analysis methods are in favor of more elaborated models. Consider as 
an example the object-oriented analysis method EROOS [Steeg00, p.79]:  
“The abstract model is a compact way to talk about the given characteristic. 
Although very attractive at first sight, a compact model greatly compromises 
reusability and extendibility. Indeed by focusing on the more compact 
model, the software engineer delimits its interest to the system he has to 
build at this very moment. In this way, the software engineer is not 
anticipating future extensions to the system, nor is he trying to build a model 
that can be reused in other applications operating within the same external 
world.” These methods impose modeling constructs and modeling rules, e.g. 
no n-ary associations, no integer or Boolean attributes, which lead to more 
complex models.  We believe that the fact that a developer can delimit its 
interest to the given set of real-world facts is an advantage: the developer can 
focus on the given real-world facts. Furthermore, this principle leads to 
simpler models. A software engineer cannot anticipate all possible future 
extensions. It is the task of the object-oriented analysis method to foresee an 
easy transition into a more extended model. This easy transition is 
guaranteed by the principle of extendibility, which is described in section 
4.3.3. 
 
Obviously, the principle of abstraction also applies to the functional 
requirements: the analyst should only model the given set of functional 
requirements. During the specification of the functional requirements the 
principle of abstraction can be further strengthened: it states that only the 
relevant real-world facts of the given set of real-world facts S may be 
modelled. Whether or not a real-world fact is relevant depends on the 
functional requirements of the system to be developed. If a specific real-
world fact becomes involved in one of the services to be provided by the 
system, it must be part of the conceptual model for that application. Consider 
as an example a functional requirement that returns the balance of an 
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account given the account number. The real-world fact that an account has a 
balance and an account number is relevant. The real-world fact that an 
account has a limit is not relevant as far as this functional requirement is 
concerned.  
 
Notice that the assumption that a well defined set of real-world facts is given 
during conceptual modelling does not always hold in a real-world situation. 
In such a case, an analyst can only apply the principles of completeness and 
abstraction at the moment the functional requirements are given. 
 
 
4.3.3 The Principle of Extendibility 
 
The principle of extendibility states that it must be possible to extend a 
model with a set of real-world facts S’ without modifying existing 
specifications. This principle promotes extendibility and reusability. It also 
applies to functional requirements.  
 
Consider the example outlined in Figure 2. Assume that every book has a 
certain circulation, expressing its number of printed copies. This real-world 
fact is represented in the initial model. Assume that after a while the model 
must be extended with information about the printed copies of each book. 
This is modelled in the extended model, by introducing the additional class 
Copy. The principle of extendibility is not violated in this case: the extension 
is modelled without changing existing specifications. 
 
 

Initial model 
B o o k

c i r c u la t io n  :  P o s In t e g e r

 
 
Extended model 

B o o k
c i rc u l a t io n  :  P o s In t e g e r

C o p y0 . . *11 0 . . *

 
context Book inv: circulation = copy→size() 
 

Figure 2 The principle of extendibility 
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4.3.4 The Principle of Preciseness 
 
The principle of preciseness states that all real-world facts in the given set S 
must be formally modelled; natural language is only allowed in the 
comments. Again, this principle also applies for representing functional 
requirements. 
 
Practice has shown that the use of a natural language always results in 
ambiguities. The requirement of formal models is in line with the Model 
Driven Architecture (MDA) approach, which imposes formal models that 
can be machine-processed. The MDA is about using modelling languages as 
programming languages rather than merely as design languages [Fran03, p. 
XV].  
 
The UML offers the Object Constraint Language (OCL). The OCL is a 
formal language using first-order logic and set theory. Despite its formal 
nature, specifications in the OCL are easy to read and write [OCL01, p. 6-1]. 
The main constructs offered by the OCL are invariants, preconditions and 
postconditions. These constructs are thoroughly discussed in chapter 5. 
 
 
4.3.5 The Principle of No-Choice 
 
The principle of no-choice states that a given set of real-world facts S can be 
only represented by just one model. A method should not allow different 
equivalent alternatives for expressing a given set of real-world facts. This 
principle also applies on functional requirements. In our opinion, it is not the 
responsibility of the analyst to decide how to model reality. An analyst has to 
concentrate on the requirements and the real-world facts themselves. A good 
method has to give answers on how to model a given set of real-world facts 
in the best possible way. A good method has investigated and evaluated 
different alternatives. As a result, a method describes guidelines for the 
analyst how to model reality. Furthermore, this principle promotes 
standardization. It leads to one conceptual model for one set of real-world 
facts. 
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4.3.6 The Principle of No-History 
 
The principle of no-history states that a conceptual model, which represents 
the set of real-world facts S and is extended with a new set of real-world 
facts S’, must result in the same conceptual model as when the real-world 
facts of the union of S and S’ were modelled at once. This principle 
strengthens the principle of no-choice. A conceptual model must represent 
real-world facts and shouldn’t represent the history of extensions. It also 
applies to functional requirements. 
 
Consider the example in Figure 3 and Figure 4. Assume that each account 
has a balance and that each transaction has an amount. A transaction is 
always linked with one account. The balance of each account equals the sum 
of the amounts of all transactions on this account. In some methods for 
object-oriented analysis, the balance of an account can be modelled as a 
query.  All these real-world facts are modelled in Figure 3. 
 
 

A c c o u n t

b a la n c e ( )  :  E u r o

T r a n s a c t io n
a m o u n t  :  E u r o

0 . . *11 0 . . *

 
context Account :: balance() : Euro 
post: result = transaction.amount→sum() 
 

Figure 3 The sets S and S’ of real-world facts modelled at once 
 
Assume an initial model that just represents that all accounts have a balance. 
The initial model can be found in Figure 4. Assume further that after a while 
this model must be extended with the notion of transactions. The principle of 
extendibility implies that we cannot replace the attribute balance by a 
query balance(). This results in the extended model of Figure 4. In this 
model, the principle of no-history is violated: the extended model of Figure 4 
is not the same as the model of Figure 3. Notice that in this example, a 
problem of construct redundancy occurs. There exist two possible constructs 
to represent a dependency between the balance of an account and the 
amounts of all associated transactions: a postcondition and an invariant.  
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Intial Model 

A c c o u n t
b a l a n c e  :  E u ro

 
 
Extended Model 

A c c o u n t
b a la n c e  :  E u r o

T r a n s a c t i o n
a m o u n t  :  E u r o

0 . . *11 0 . . *

 
context Account inv: balance = transaction.amount→sum() 
 

Figure 4 The intial model and the extended model 
 
 
4.3.7 The Principle of Uniqueness 
 
The principle of uniqueness states that a real-world fact is modelled only 
once. This principle promotes adaptability. If the real-world fact changes, the 
model must only be adapted once. This principle also applies to functional 
requirements. 
 
 
5 Overview of the Thesis 
 
This thesis is organized as follows: chapter 2 presents patterns for modelling 
structural aspects, while patterns for describing behavioural aspects are 
given in chapter 3. In chapter 4, patterns that are valid for modelling 
behavioural aspects as well as structural aspects are discussed. Chapter 5 
deals with patterns for modelling business rules. In chapter 6, patterns about 
the use of the generalization are the focus of interest. In chapter 7, a pattern 
for specifying functional requirements is proposed. Finally, chapter 8 gives 
some concluding remarks. 
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Chapter 2  
 
Patterns for Modelling Static Properties 
 
 
As defined in the previous chapter, static properties are real-world facts that 
refer to structural aspects of the observed world. These properties deal with 
the state of an instance at any given moment. Static properties have no side 
effects, in other words, they do not change the state of the world. Examples 
of static properties are the balance of an account and the owner of an 
account. 
 
How can static properties be modelled in an appropriate way? A distinction 
is drawn between links among objects and links among objects and data 
values. The distinction between data values and objects and how to model 
links between them is discussed in section 1 and 2. Section 3 describes how 
to model links between objects.  
 
The way to model links between data values is not discussed in this thesis. 
Sections 4, 5 and 6 rather describe the use of data types in conceptual 
models. Section 4 imposes restrictions on the use of primitive data types and 
on the use of units as data types. In section 5, user-defined data types are 
used to restrict the possible set of data values. In section 6, the notion of 
multiplicity is extended. 
 
In reality, dependencies between static properties can be observed. The 
relationship between the duration, the start and the end of a meeting is an 
example of such a dependency. How can such dependencies be specified? 
Section 7 deals with this question. 
 
It is not sufficient to know how to model static properties and dependencies 
between these properties. It is also necessary to structure the static properties 
around the correct model element. How can the suitable model element be 
detected? These questions are discussed in the sections 8, 9 and 10. 
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In section 11, the influence on object-oriented analysis of the first and 
second normal form in relational database design is investigated.  
 
Finally, sections 12 and 13 present two preliminary ideas to promote the 
adaptability of a conceptual model. These ideas are encapsulation in analysis 
and modelling dependencies on the model-level. To make these ideas more 
concrete, they are applied on constructs that represent static properties.  
 
 
1 Structuring Static Properties 
 
1.1 Problem Description 
 
A static property can be defined as a link between instances. A link is a 
connection between instances [OMG01, p.2-102]. Consider the example 
outlined in Figure 1. In this example, accounts have a balance in Euro and an 
account is said to be positive if its balance is positive. Accounts, Booleans 
and Euros are said to be instances. The links between accounts and Booleans 
and between accounts and Euros are examples of static properties. 
 
 Euro 

-100 
  +500 

  +100 

Account 

acc1 
acc2 

acc3 

Boolean 

false 

true 

balance isPositive 

 
 

Figure 1 Static Properties 
 
In object-orientation, instances of the same kind will be grouped into a 
classifier [OMG01, p.2-28]. A classifier is a model element that represents a 
set of instances. This process of grouping instances is actually a process of 
generalization. As instances of the same kind are grouped and represented by 
a classifier, static properties of the same kind will be also grouped and 
represented by a certain model element. Preparing generic descriptions that 
describe many specific items is often known as the type-instance dichotomy.  
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An important goal in object-oriented conceptual modelling is to represent 
real-world facts in a structured way. How can static properties be structured 
in an appropriate way? In object-orientation, model elements are structured 
around a classifier. Frequently, a distinction is made between two kinds of 
classifiers: a class and a data type. During analysis, a class models a set of 
real-world objects while a data type models a set of data values. In the 
example of Figure 1, accounts are said to be real-world objects and Booleans 
and Euros are said to be data values. The static properties outlined in Figure 
1 are examples of links between objects and data values. 
 
If a distinction between classes and data types is made, some questions arise: 
 
•  How are static properties structured around classifiers? Do we attach a 

model element, which represent a set of static properties, to data types or 
to classes or to classes and data types? 

 
•  Is the distinction between a data type and a class useful? If the distinction 

is useful, which criteria exist to make a distinction between objects and 
data values? 

 
 
1.2 Anti-Patterns 
 
1.2.1 Structuring Static Properties around Classifiers 
 
A model element, which represents a set of static properties, can be attached 
to all involved classifiers. In such an approach, no distinction between a data 
type and a class is made. Consider the example outlined in Figure 2. The 
model element isPositive is attached to the classifiers Account and 
Boolean. This model element represents the set of links between accounts 
and Booleans. The model element balance is attached to the classifiers 
Account and Euro. This model element represents the set of links 
between accounts and Euros. Notice, that in this example a binary 
association is used as a model element that represents a set of static 
properties. The focus of this section is however not on the used model 
element but on structuring static properties. Other model elements, e.g. 
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attributes or queries, could have been envisaged. Section 2 and section 3 
discuss the appropriateness of model elements to represent static properties. 
  
 

Euro Account
1 0..*

Boolean 
10..*1 0..* 10..*

 balance isPositive

 
 

Figure 2 Structuring static properties around classifiers 
 
The method Catalysis [Dsou99, p.81] makes also no distinction between data 
values and objects. Moreover, attributes and associations can be used to 
model links between objects. Both model alternatives are equivalent. It is the 
task of the analyst to evaluate these alternatives. 
 
In our judgement, making no distinction between data types and classes 
results in more complex and less intuitive conceptual models. From our 
object-oriented point of view, we consider objects and classes as central 
constructs to build conceptual models. We want analysts to focus on objects 
and classes rather than on data values and data types. Data values are 
considered to be better known because they have always been there. Model 
elements, which represent a set of links between objects and data values, will 
not be attached to all involved classifiers. Consequently, no associations will 
be used to model links between data values and objects. 
 
 
1.2.2 Structuring Static Properties around Data Types 
 
A model element, which represents a set of static properties, can be attached 
to all involved data types. In such an approach, a distinction between a data 
type and a class is made. Consider the example outlined in Figure 3. The 
model elements isPositive and balance are attached to the data type 
Boolean. Notice that in this example an attribute is used as a model element 
that represents a set of links between objects and data values, but that the 
focus of this section is not on adequate model elements. 
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Euro 

balance: Account [0..*] 
Boolean

IsPositive: Account [0..*]  
 

Figure 3 Structuring static properties around data types 
 
In our opinion, this approach is not adequate to structure real-world facts. 
Firstly, the homogeneity of the model elements attached to the data type is 
questionable. For instance, links between a Boolean and an account and links 
between a Boolean and a car will be both structured in accordance with the 
data type Boolean.  Secondly, in a complex model, a large number of model 
elements will be attached to a restricted number of data types. As a result, a 
relatively small number of data types will contain a very long list of attached 
model elements. This approach will therefore not lead to a well-structured 
conceptual model of real-world facts, which is one of the major goals of 
analysis.  
 
 
1.3 Patterns 
 
1.3.1 Structuring Static Properties around Classes 
 
A model element, which represents a set of static properties, is attached to all 
involved classes. In such an approach, a distinction between a data type and 
a class is made. Consider the example outlined in Figure 4. The model 
elements isPositive and balance are attached to the class Account. 
Notice that in this example an attribute is used as a model element that 
represents a set of links between objects and data values, but that the focus 
of this section is not on adequate model elements. 
 
 

Account 
balance : Euro 
isPositive : Boolean 

 
 

Figure 4 Structuring static properties around classes 
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This approach focuses the attention of an analyst on objects and classes and 
subscribes the object-oriented paradigm, in which objects (and classes) are 
central constructs. In [Fiad92, p.135], several advantages, such as better 
insight, are reported when objects are adopted as the basic building blocks 
for conceptual schemas. Modelling elements, representing a set of static 
properties, will be attached to the involved class rather than to the involved 
data types.  
 
The consequences of this approach are described in the next paragraphs: 
 
•  Given a large set of real-world facts, this approach results in more 

intuitive, simpler and better-structured models compared with other 
approaches, in which no distinction between classifiers is made or in 
which the model element is attached to a data type.  

 
•  This approach violates the principle of abstraction. If an analyst observes 

links between instances, he is obliged to investigate if these instances are 
objects or data values. Furthermore, the analyst is obliged to investigate if 
any objects are involved in the observed real-world facts. For instance, if 
links are observed between account numbers and euros, the analyst is 
forced to model these links indirectly by attaching the model elements 
account number and balance to the class Account. 

 
•  Compared with the approach where static properties are structured around 

classifiers, only one multiplicity is specified. The default multiplicity is 
[1..1] [OMG01, p.3-43]. In the example, an account has just one 
balance. No statements are made about the minimum and maximum 
number of accounts that can have a certain balance. This disadvantage is 
further discussed and resolved in the pattern about the use of data types. 

 
•  Three different kinds of static properties can be distinguished: (1) links 

between objects, (2) links between data values and (3) links between data 
values and objects. 
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1.3.2 Objects versus Data Values 
 
What are the criteria to decide whether an instance is an object or a data 
value? From our point of view, objects are considered to be brought into 
being and data values are considered to be perpetual [Stee00, p.62].  
Consequently, there exists a time period after and before the creation of an 
object. An account is an example of an object: it is opened at a certain point 
in time. On the other hand, data values have always been there and will 
always be there. The quantity three is an example of a data value: it has 
existed forever, and will continue to exist forever.  
 
In the UML [OMG01, p.2-113], three other differences between objects and 
data values are put forward: (1) the state of an object can change while the 
state of a data value cannot change, (2) objects have an implicit identity 
while data values have no identity and (3) only queries are applicable to data 
values. These differences are observed in most programming languages 
[Macl82]. These differences can be defined by a methodology but they 
cannot be used during analysis as criteria to decide if an instance is an object 
or a data value: 
 
•  Consider some real-world instances x and y and a link between both. 

Suppose further that after some time, x is linked with y’ and no longer 
with y. Are the states of x, y and y’ changed? If the state of x is changed, 
then the states of y and y’ are also changed. But if x is an account and y 
and y’ are account numbers, we have the tendency to say that only the 
state of x is changed. Having a changing state is not an objective criterion 
to decide if an instance is an object or a data value. 

 
•  Do the instances x, y and y’ have an implicit identity or not? What are 

the criteria to decide if an instance has an implicit identity or not? As 
stated in [Dsou99, p.258], the identity of anything is a model constructed 
for our convenience rather than something inherent. 

 
•  Furthermore, why is it impossible to apply an event withdraw() on an 

account number at the level of analysis? Or, why can’t the data type 
Integer have an attribute double, which represents the property 
double of an integer? 
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1.3.3 Links have no Direction 
 
Static properties are links between instances. As it can be observed in the 
example of Figure 1, links have no direction. It is not because a distinction 
between classes and data types is made at the level of analysis that a 
direction is suggested. This distinction is made to structure the real-world 
facts and not to model directions in links. During design and 
implementation, links are usually unidirectional from objects to data values. 
In the UML Reference Manual [Rumb99, p.170], the authors state that a data 
value has no knowledge of an object and a unidirectional from objects to 
data values is assumed. This is a rather philosophical or a design argument. 
Why does an account has knowledge about its links with data values and 
does a Boolean have no knowledge about its links with objects at the level of 
analysis?  
 
 
2 Modelling Links between Objects and Data Values 
 
2.1 Problem Description 
 
In section 1, it was decided to attach a model element, which represents a set 
of static properties, to the involved classes instead of to the involved data 
types. In this first section, no statement was made about the model element 
itself. In this section, model constructs that can represent a set of links 
between objects and data values, such as attributes and queries, are 
evaluated.  
 
In the real world, information redundancy occurs when a real-world fact 
can be computed in terms of other real-world facts. Reconsider the example 
in Figure 1. A static property “isPositive” can be computed in terms of the 
static property “balance”.  In a model, information redundancy occurs if a 
model element can be computed in terms of other model elements. 
Redundant information raises the question if such information is allowed and 
represented during conceptual modelling. 
 
At the level of analysis, information redundancy is considered to be useful 
and important in accommodating multiple viewpoints and in reaching a 
complete and consistent description of the problem domain [Borg85, p.67]. 
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A goal of analysis is to represent all relevant real-world concepts, even if 
information redundancy exists. Consider another example. Assume a real-
world observation were all accounts have just one balance. The balance of an 
account is clearly a real-world concept; therefore, it must be represented in 
the conceptual model even if the balance of an account can be computed in 
terms of the amounts of all transactions on this account. In this section, 
model constructs that can represent redundant information, such as derived 
attributes and queries, are evaluated.  
 
 
2.2 Anti-Patterns 
 
2.2.1 Derived Attributes 
 
In the UML [OMG01, p.3-93], a derived model element is defined as a 
model element that can be computed from other model elements. 
Consequently, a derived attribute is an attribute that can be computed from 
other model elements. In the UML, an attribute [OMG01, p.2-24] is defined 
as a named slot within a classifier that describes a range of values that 
instances of the classifier may hold. 
 
A derived attribute can be used during the analysis phase as well as during 
the design phase. At the level of design, a derived attribute is introduced for 
performance reasons. It represents a value that is physically stored in order 
to avoid a recomputation. At the level of analysis, a derived attribute is 
included to define a useful name or concept [OMG01, p.2-44]. 
 
In the UML, information redundancy during analysis can be modelled by a 
derived attribute or by a query. A query [OMG01, p.3-45] is defined as an 
operation that does not modify the system state. A query has a return type. 
Consider the example in the Figure 5.  In the first alternative, the set of static 
properties “isPositive” is modelled as a derived attribute. In the second 
alternative, these properties are modelled as a query. 
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Alternative one 

 A c c o u n t
b a la n c e  :  E u r o
/  i s P o s i t v e  :  B o o le a n

context  Account inv: (balance >= 0 Euro) = isPositive 
 
Alternative two 

  Account 
balance : Euro 
isPositive() : Boolean 

 
context Account :: isPositive() 
post:  result = (balance >= 0 Euro) 
  
Figure 5 Derived attributes versus queries 
 
We reject the construct of derived attributes at the level of analysis. The 
reasons are described in the next paragraphs: 
 
•  The construct of a derived attribute offers no surplus value compared 

with the construct of a query at the level of analysis. By rejecting the 
construct of derived attributes, construct redundancy between both model 
elements is avoided at the level of analysis. Recall that construct 
redundancy occurs when different modelling elements can represent the 
same real-world facts. Notice, that this construct redundancy does not 
exist at the level of design. 

 
•  Possible confusion about derived attributes during analysis and design 

could exist. One could argue that there is clear distinction between the 
use of derived attributes during analysis and during design. Derived 
attributes do not represent any decision about data storage at the level of 
analysis. This is correct, but the problem lies in a possible vague border 
between analysis and design. When a developer does not know if the 
software engineering process is at the analysis phase or at the design 
phase, it is impossible to answer what the derived attribute represents: a 
piece of stored data or not. By forbidding the construct of derived 



Chapter 2. Patterns for Modelling Static Properties 

 37

attributes during analysis, possible confusion is avoided. In our approach, 
the use of derived attributes is reserved for the design phase. This helps to 
make a strict distinction between analysis and design: derived attributes 
only appear at the level of design. 

 
 
2.2.2 Queries and Attributes 
 
Queries as well as attributes can be used to model links between objects and 
data values. The redundancy of one of both constructs during the analysis 
phase is illustrated in Figure 6. In the class Account, one can easily add an 
attribute balance and/or a query balance(). In the second alternative, the 
same set of static properties is modelled more than once. The principle of 
uniqueness is violated. For this reason, alternative two is rejected. In contrast 
with the analysis phase, both constructs are not necessarily redundant during 
the design phase. Temporally, alternative one and alternative three are valid 
alternatives to model a set of links between objects and data values. In order 
to satisfy the principle of no choice, other arguments must be considered to 
make a more rational choice between possible alternatives. 
 
 
  Alternative one Alternative two  Alternative three 

Account 
balance : Euro 

Account
balance : Euro

balance() : Euro

Account 
balance() : Euro 

  context Account :: balance() 
   post: result = balance 
 

Figure 6 Queries and attributes 
 
In many cases, analysts use queries to model information redundancy and 
attributes to model non-redundant information. This could be a possible 
criterion to make a distinction between the use of both constructs and 
consequently to demonstrate the need for both constructs. On the other hand, 
one can question the need of making a distinction between redundant 
information and non-redundant information during the analysis phase. 
Furthermore, during the extension of a model, non-redundant information 
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can become redundant. Consequently, an attribute must be deleted and a new 
query must be introduced. The specification of the class is changed and the 
principle of extendibility is violated. As an example, consider Figure 7. In 
the first phase, only a class Account existed with an attribute balance.  In a 
later phase, a class Transaction is added to the model.  The balance of an 
account is the sum of all the amounts of the transactions executed on this 
account. The attribute balance is deleted and a new query balance() is 
added.  
 
 
   Initial Model Extended Model 
 Account  

balance : Euro 
Account

balance(): Euro

Transaction  

amount : Euro 
0..*11 0..*

 
    context Account :: balance() 
    post:  result = transaction.amount→sum() 
 

Figure 7 The principle of extendibility is violated 
 
This approach, which uses queries for modelling redundant information, can 
also lead to different alternatives in case more than one derived model 
element exists in a information redundancy relationship. Consequently, this 
approach violates the principle of no choice. Consider the example in Figure 
8. A meeting has a start time, an end time and duration. In alternative one, 
the start time and the end time are modelled as attributes; the duration is 
modelled as a query. Each combination of two attributes and a query is a 
possible model. Moreover, in case of a vague border between analysis and 
design, each of the three alternatives suggests a data representation. For 
instance, the second alternative suggests to design a class Meeting with the 
attributes start and duration while, in alternative three, the analyst 
suggests to design a class Meeting with the attributes end and duration. 
Decisions about data representation must be postponed until the design 
phase.  
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Alternative one   Alternative two 

Meeting 
start : Time 
end : Time 
duration() : Duration 

Meeting
start : TIme
duration : Duration

end() : Time
 

context Meeting :: duration()   context  Meeting :: end()  
post: result = end – start  post:  result = start + duration 
 
Alternative three 

Meeting 
end : Time 
duration : Duration 
start() : Time 

 
context Meeting :: start() 
post:  result =  end – duration 
 

Figure 8 The principle of no choice is violated 
 
Borgida [Borg85, p.67] already promoted to allow the user to treat redundant 
and non-redundant information in a syntactically uniform manner at the 
conceptual level. When no different constructs are used to model redundant 
and non-redundant information, extendibility is better supported: the analyst 
must only add a specification to represent the redundancy relationship 
between the model elements and must not change existing specification.  
 
At the level of analysis, the construct of attributes and the construct of 
queries are not allowed simultaneously. The reasons are:  
 
•  The presence of construct redundancy. 
 
•  The principle of extendibility is violated in case a query represents 

redundant information and an attribute represents non-redundant 
information. 

 
•  The principle of no choice is violated in case more than one derived 

model element exist in an information redundancy relationship.  
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2.2.3 Only Attributes 
 
In the UML, an attribute can only be attached to one class, it cannot have 
parameters and it can have only one classifier as type. Therefore, it can be 
only used to model a set of binary links and it cannot be used to model a set 
of n-ary links. Consider the example outlined Figure 9. A product has a price 
at a certain date. The price of a product can be the same at different dates. 
This real-world fact cannot be modelled by an attribute. 
 

Product 

+1,50 
  bread 

Euro Date 

12/10/2003 

price 
 

Figure 9 A ternary link between an object and data values 
 
The method Catalysis [Dsou99, p.89] introduces the construct of 
parameterised attributes. Consequently, attaching a parameterised attribute 
such as price(d:Date):Euro to a class Product is allowed. We do not see 
a reason to introduce the construct of a parameterised attribute when the 
construct of a query is already available and it allows defining parameters. 
The introduction of the construct of a parameterised attribute would augment 
the problem of construct redundancy. Furthermore, Catalysis also allows 
introducing a parameterised attribute such as price(s:Shop):Euro attached 
to a class Product. This attribute represents a set of ternary links between 
shops, products and euros. We want to attach a model element, which 
represents a set of static properties, to all involved classes. Notice that in 
Catalysis the principle of no choice is violated: an analyst could also have 
decided to model a parameterised attribute such as price(p:Product)
:Euro attached to a class Shop. The way to model a set of static properties 
in which more than one class is involved is discussed in chapter 4. 
 
Although all methods for object-oriented analysis offer attributes as a means 
to model sets of static properties, we reject the construct of an attribute at the 
level of analysis for the following reasons: 
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•  An attribute cannot represent a set of n-ary links between instances when 
n > 2. 

 
•  From our point of view, the construct of attributes is again too closely 

linked to design and programming. The construct of an attribute will be 
reserved for the design and implementation phases. Consequently, an 
attribute models data representation. In case of a vague border between 
analysis and design, possible confusion by the use of attributes is 
avoided.  

 
 
2.2.4 Only Queries 
 
The construct of a query is semantically richer than the construct of an 
attribute. Queries are more expressive than attributes, because queries can 
represent n-ary relations while attributes can only represent binary relations. 
Sets of n-ary links can be modelled by queries with parameters. Reconsider 
the example outlined in Figure 9. The query price(date: Date): Euro   
in Figure 10 represents the set of ternary links between products, dates and 
Euros.  
 
 

Product 

 price(date: Date): Euro 
 

 

Figure 10 Queries can have parameters 
 
The approach of using queries to model sets of links between data-values 
and objects reveals however several problems: 
 
•  A first problem is that we want to structure static properties around all 

involved classes. In the UML, a query can have a parameter that has a 
class as type. For example, a query such as price(s:Shop):Euro 
attached to a class Product is allowed. This query is not attached to the 
class Shop. This problem could be resolved by restricting the type of a 
parameter to a data type. As already stated, the way to model a set of 
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static properties in which more than one class is involved is discussed in 
chapter 4. 

 
•  Secondly, and more important, the principle of no choice is violated. An 

arbitrary choice must be made about which data type is specified as 
return type and which data types are specified as parameter types. 
Reconsider the example in Figure 9. A query price(amount: Euro):
Date [0..*] attached to the class Product can also represent the set 
of ternary links between products, dates and Euros. Notice that links 
between instances must be modelled and not the functional requirements 
of the system. On top of the representation of real-world facts, functional 
requirements can be built. Assume the real-world fact that a product has a 
price on a certain date.  The following examples of requirements can a 
specified based on this real-world fact: given a certain product and a 
certain date return the price of the given product at the given date and, as 
another example, given a certain product and a certain amount of money, 
return the set of dates on which the price of the given product equals the 
given amount. In the early stages of conceptual modelling, one must 
make abstraction of the functional requirements. In a conceptual model, 
real-world facts must be modelled at the first place and not functional 
requirements for the ultimate system. The modelling of functional 
requirements is further discussed in chapter 7. From our point of view, 
queries strongly suggest the representation of requirements. To stress the 
distinction between the representation of real-world facts and the 
representation of requirements, the construct of a query is abandoned for 
modelling static properties. Consequently, the principle of no choice is 
also no longer violated. 

 
•  To stress the distinction between modelling static properties and 

modelling functional requirements it is wise to abandon the notion of a 
“query” for modelling static properties. 
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2.3 Patterns 
 
2.3.1 Characteristics 
 
The construct of a characteristic is introduced to model a set of links 
between objects and data values. A difference with the UML construct of an 
attribute is that the type of a characteristic can only be a data type and not a 
class. Another difference is that more than one data type is allowed as type 
for a characteristic.  Consider as an example case three in Figure 11. The 
characteristic price has two data types, Euro and Date, as type. This 
characteristic represents the set of ternary links between accounts, dates and 
Euros. A difference with the UML construct of a query is that a 
characteristic cannot have parameters. The construct of a characteristic is 
also used to model a set of redundant static properties. Consider as an 
example the first two cases in Figure 11. The way to specify the redundancy 
relationship between the static properties is discussed in section 7.  
 
 
Case one 

A c c o u n t
b a la n c e  :  E u r o
is P o s i t iv e  :  B o o le a n

 
 
Case two 

M e e t in g
s t a r t  :  T im e
e n d  :  T im e
d u r a t io n  :  D u ra t i o n

 
 
Case three 

Product 
price: Euro, Date [1..*] 

 
 

Figure 11 Using characteristics  
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This pattern is in line with the proposed features of languages for the 
development of information systems at the conceptual level [Borg85] where 
it is an important goal to allow the user to threat redundant and non-
redundant information in a syntactically uniform manner in order to achieve 
further storage independence. This pattern also supports the extendibility of 
the conceptual model. Furthermore, due to the absence of attributes possible 
model alternatives and confusion of the analyst are avoided. In the next 
patterns, the characteristics will be modelled in the first compartment of the 
class. The second compartment of a class will be used to structure dynamic 
properties. 
 
 
2.3.2 Implicit Queries of Characteristics 
 
Given a characteristic c attached to a class C, an implicit query c() is 
given, which can be applied on an object of the class C. Such a query 
returns a set of data values that are linked with the object. At the level of 
analysis, queries will be used to specify restrictions, the effect of dynamic 
properties and the functional requirements. It is assumed that a query always 
returns a set, even if the multiplicity of the characteristic is [1..1] or 
[0..1]. When no data values are linked with the object, the query returns an 
empty set.  
 
If a characteristic has more than one data type as type, then the implicit 
query of this characteristic returns a set of tuples. Further research is needed 
about the implicit queries of characteristics that have more than one data 
type as type. Further research is also needed about the usefulness of implicit 
queries that can be applied on data values and return a set of linked objects. 
In the method Catalysis [Dsou99, p.92], it is possible to navigate from a data 
value to a set of objects by the use of an implicit attribute. 
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3 Modelling Links between Objects 
 
3.1 Problem Description 
 
A static property cannot only be a link between objects and data values; it 
can also be a link between objects. Traditionally, associations are used to 
model these links. In exceptional cases, attributes are used to model links 
between objects. In this section, we discuss how links between objects can 
be specified in an adequate way. One of the questions to be answered is 
whether characteristics are an appropriate construct to model these links. 
 
In section 1, it was decided to structure links between objects and data 
values around the involved class, instead of around the involved data type or 
around the involved data type and the involved class. For links between 
objects it would be a rather arbitrary decision to attach the model element to 
one of the involved classes. It would be even more difficult to guide the 
analyst in his choice for the most appropriate class. Consequently, static 
properties will be structured around all involved classes. No distinction 
between the involved classes is made.  
 
In the example of Figure 12, links between accounts and persons and 
between accounts and banks can be observed. In order to model the first set 
of links, the model element will attached to the class Person and to the class 
Account. The second set of links will then be attached to the class Account 
and to the class Bank.  
 

Person 

p1 
  p2 

  p3 

Account 

acc1 
acc2 

acc3 

Bank 

bank1 

bank2 

  

 
 

Figure 12 Links between objects 
 
The UML Reference Manual [Rumb99, p.170] suggests to use attributes for 
links between objects and data values and to use associations for links 
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between objects.  The manual arguments that for instances with identity, it is 
important to see the relationship in both directions. The argumentation for 
this decision is rather poor.  Moreover, the analyst is free to attach attributes 
to both classes. Indeed, in the UML [Rumb99, p.168] an attribute can have a 
class as classifier. This seems to be in contradiction with the previous 
indication. The reason is that the UML doesn’t make a strict distinction 
between analysis and design. In order to represent a possible design decision, 
the use of attributes that represent links between software objects cannot be 
excluded. 
 
 
3.2 Anti-Patterns 
 
3.2.1 Characteristics 
 
Characteristics attached to all involved classes can be used to model a set of 
links between objects. Consider an example outlined in Figure 13. 
Characteristics are attached to the class Bank as well as to the class Account. 
Characteristics as such are not sufficient to model these links: the 
dependency between the characteristics must also be specified. This 
dependency can be modelled in the different ways. In the example, the 
dependency is specified as an invariant attached to the class Account.
Three model elements are specified to represent a set of links between banks 
and accounts. 
 

 
Bank 

account : Account [0..*]
Account

bank : Bank
 

context  Account inv: self.bank().account()→includes(self) 
   

Figure 13 Using characteristics 
 
The disadvantage of using characteristics to model links between objects is 
that at least three model elements are needed: at least two characteristics and 
a model element specifying the dependency between these characteristics. If 
a set of n-ary links where n > 2 must be modelled, then more than three 
model elements are necessary. The dispersion over more than one model 
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element of one simple real-world observation is disliked. Characteristics will 
not be used in order to prevent the dispersion of the specification over at 
least three model elements. 
 
 
3.3 Patterns 
 
3.3.1 Associations 
 
An association attached to all involved classes is used to model a set of links 
between objects. No distinction is made between classes to model links 
between objects of those classes: the model element will be attached to all 
involved classes. Consider an example outlined in Figure 15. An association 
is attached to the class Bank and the class Account. This association 
represents the set of links between accounts and banks. 
 

 

 

Bank Account 0..*1 

 
 

Figure 14 Using associations 
 
If an association is used to represent a set of links between objects, only one 
model element is needed instead of at least three. An association will be used 
to model links between objects and it will be attached to all involved classes. 
 
 
3.3.2 Implicit Queries and Implicit Invariants of Associations 
 
Given the association in Figure 14, the implicit queries bank() and 
account() are given. The query bank() can be applied on a given account. 
This query returns the set of banks of the account. Due to the multiplicity the 
set has only one element. The query account() can be applied on a given 
bank. This query returns the set of accounts of the given bank. Given the 
association in Figure 14, the implicit invariant context Account inv:
self.bank().account()→includes(self) is also defined. This 
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invariant specifies the dependency between the queries bank() and 
account().
 
Assume that a subclass SavingsAccount of the class Account is added in 
the conceptual model of Figure 14. In such a case, an additional implicit 
query savingsAccount() is available to specify restrictions, the effect of 
dynamic properties and the functional requirements. The query 
savingsAccount() can be applied on a given bank and returns the set of 
saving accounts of the given bank. 
 
Further research is needed about the given implicit queries and about the 
given implicit invariants in case of n-ary associations. Further research is 
also needed about the usefulness of implicit queries that can be applied on 
objects and return a set of indirectly linked objects. For example, assume 
that a class Transaction is added to the conceptual model of Figure 14 and 
that an association is defined between the class Transaction and the class 
Account. Is an implicit query bank(), which can be applied on a 
transaction, useful? 
 
 
4 The Use of Primitive Data Types and Units 
 
4.1 Problem description  
 
In the UML and in programming languages, attributes heavily use 
predefined primitive data types such as Integer, Real and String
[OMG01, p.6-29]. The UML does not impose any restriction on the use of 
these primitive data types. However, primitive data types are seldom needed 
in modeling real-world phenomena. They are often reflections of design and 
implementation decisions. Some analysis methods, for instance EROOS  
[Steeg01, p.74], impose restrictions on using primitive data types. 
 
 
4.2 Anti-Patterns 
 
During analysis, primitive data types can be easily misused. Consider an 
example in Figure 15. The data type of the characteristic age is Integer. In 
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our opinion, this is a pure design decision, reflecting the designer’s choice 
how to represent ages. Another design decision could have been to represent 
ages as values of the primitive data type Real. Furthermore some 
information is missing if the data type Integer is used as type for the 
characteristic age. Is the age of a person expressed in years, in months, in 
days or in seconds? The decision how to represent the age of a person in a 
software object must be postponed.  
 
 

 

Person 
age : Integer 
weight : Kilogram 

 
 

Figure 15 The misuse of primitive data types and units  
 
Another problem related to the use of data types is also illustrated in Figure 
15 by means of the characteristic weight. The data type of the characteristic 
weight is Kilogram. In our opinion, the decision concerning what unit will 
be used to represent the weight of a person is also a design decision. During 
analysis, it makes no sense to decide about the unit of weight, for instance 
kilogram or pounds. 
 
 
4.3 Patterns 
 
At the level of analysis, characteristics must reflect as good as possible real-
world phenomena. Therefore, the data type of the characteristic age is 
Duration and the data type of characteristic weight is Mass. Notice that 
both data types make no statements about the data representation of both 
characteristics during design. 
  



Chapter 2. Patterns for Modelling Static Properties 

 50

 
Person 

age : Duration 
weight : Mass 

 
 

Figure 16  Avoiding primitive data types and units 
 
The use of units and primitive data types is however not forbidden. Consider 
the conceptual model in Figure 17. The fact that the balance of an account is 
expressed in Euro is a clear business fact and not a decision that can be made 
by a designer during software engineering. The data type of the 
characteristic balance is a unit. The data type of the characteristic 
numberOfTransactions is PositiveInteger, which is a primitive data 
type. The characteristic reflects a quantity:  the number of transactions of an 
account.  
  
 

A c c o u n t
b a la n c e  :  E u r o
n u m b e r O f T r a n s a c t io n s  :  P o s i t i v e In t e g e r

 
 

Figure 17 Using primitive data types and units  
 
 
5 Restricting the Set of Data Values 
 
5.1 Problem Description 
 
Specifying the data type of a characteristic restricts the possible set of data 
values with which an object can be linked. Consequently, specifying the data 
type defines an implicit constraint. Restricting the possible set of data values 
of a characteristic can be modelled in several ways. In this section, these 
different alternatives are evaluated. 
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The UML [Rumb99, p.248] suggests a rather primitive approach to 
introduce user-defined data types by enumerating it values or by referring to 
programming languages.  Moreover, the constructs for introducing data 
types in the UML are vague.  
 
 
5.2 Anti-Patterns 
 
A first approach uses a more general data type and restricts the possible data 
values by means of an invariant attached to a class. Consider the example in 
Figure 18. Every account has a number, which is a string with specific 
restrictions. This is modelled as an invariant of the class Account. 
 
 

 

Account 
number : String 

 
context Account inv: number() >= “0” 
context Account inv: number() <= “999.999.999.999” 
 

Figure 18 Restricting the set of data values 
 
 
5.3 Patterns 
 
Another approach is to define a new data type that subsets the more general 
data type. In the conceptual model of Figure 19, the data type AccountNb is 
introduced. This new data type is used as data type of the characteristic 
number. 
 
 

Account 
number : AccountNb AccountNb String 

 
context AccountNb inv: number() >= “0” 
context AccountNb inv: number() <= “999.999.999.999” 
 

Figure 19 Introducing sub data types 
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This second approach promotes reuse and adaptability. Reuse, because the 
new data types can be reused as the data type of an explicit argument of an 
event or as the data type of another characteristic.  Adaptability, because 
when the specification of the data type must be changed, the specification 
must be modified only once.  
 
Furthermore, new functions can be defined for the new data type. For 
instance, a new function controlNb() can be attached to the data type 
AccountNb. This function returns the last two numbers of the account 
number.  In this way, this function can be reused every time the data type 
AccountNb is used. By the way, notice that the function controlNb()
attached to the data type AccountNb is an example of modelling links 
between data values. 
 
The result of analysis consists of two types of diagrams: a class diagram and 
a data type diagram. Notice that also this approach limits the use of primitive 
data types as Integer, Real and String in a class diagram.  
 
 
6 Extending the Multiplicity of a Characteristic 
 
6.1 Problem Description 
 
The multiplicity of a characteristic specifies the lower bound and the upper 
bound of the number of data values an object can be linked with at any given 
moment in time. In section 1, it was already pointed out that a consequence 
of attaching model elements to the involved classes was that a multiplicity 
was lost. Indeed, no specification is made about the lower bound and upper 
bound of the number of objects a data value can be linked with.  
 
 
6.2 Anti-Patterns 
 
It was implicitly assumed that a data value could be linked with an unlimited 
number of objects. This is illustrated in the conceptual model of Figure 20. 
An unlimited number of accounts can have the same balance. The default 
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multiplicity for the data type is therefore [0..*]. The question is how to 
specify this type of multiplicity in case the default is not valid? A first 
approach is to specify an explicit constraint. The invariant specifies that the 
number of account is unique for each account. In other words, an account 
number can be linked with at most one account.  
 
 

 

Account 
number : AccountNb 
balance : Euro 

 
context  Account inv:  
Account.AllInstances→forAll(acc1,acc2|acc1 <> acc2 implies  
acc1.number() <> acc2.number()) 
 

Figure 20 The multiplicity of a characteristic 
 
From our point of view, explicit defined constraints do not promote 
readability. Moreover, more general multiplicity constraints for data values 
are even more difficult to specify. For example, assume that an account 
number is linked with at least three accounts and with at most nine accounts. 
 
 
6.3 Pattern 
 
It is proposed to extend the notion of multiplicity of a characteristic by a 
second multiplicity range.  The extended notion of multiplicity is illustrated 
in Figure 21. The multiplicity of the characteristic number is [1,0..1]. It 
means that every account has exactly one number and that this number is 
unique for each account. Furthermore, it is specified that not every valid 
account number must be linked with an existing account. The characteristic 
balance has the default multiplicity [1,0..*]. This means that every 
account has exactly one balance and that many accounts can have the same 
balance. 
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Account 

number: AccountNb [1,0..1] 
balance: Euro 

 
 

Figure 21 Adding a second multiplicity range 
 
The introduction of a second multiplicity range for a characteristic avoids 
explicitly defined constraints. Further investigation is needed about the 
multiplicity for a characteristic that has more than one data type. 
 
 
7 Modelling Dependencies between Static Properties 
 
7.1 Problem Description 
 
A dependency between static properties is defined as an everlasting 
relationship between static properties in which a change to static property 
may affect the static property. A dependency between static properties 
restricts the possible links of the involved instances. Information redundancy 
between static properties is a special kind of a dependency between static 
properties. 
 
Consider two dependencies in Figure 22. The balance of an account must 
equal or exceed its limit all the time, and an account is said to be positive if 
and only if its balance is positive. In order to build conceptual models in a 
precise and complete way, existing dependencies between static properties 
must be represented in a formal way. The question is how to specify these 
dependencies in a formal and adequate way. 
 

Account 
balance : Euro 
limit : Euro 
isPositive : Boolean 

 
 

Figure 22 Dependencies between static properties 
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The UML offers the constructs of invariants, preconditions and 
postconditions to formally specify dependencies between static properties 
[OMG01].  Which construct should be used? Are all these constructs needed 
at the level of analysis? Are those constructs sufficient? Recall [section 2] 
that derived attributes and explicit queries are not available anymore to 
represent dependencies. The constructs of invariants, preconditions and 
postconditions will be further analysed in detail in chapter 5 about modelling 
restrictions. In this section, these constructs are only judged on their 
adequateness to represent dependencies between static properties. 
 
 
7.2 Anti-Patterns 
 
7.2.1 Preconditions 
 
In the OCL, a precondition is defined as a constraint that must hold for the 
invocation of the operation to which it applies [OMG01, p.2-33]. 
Preconditions can be used to model dependencies when the construct of a 
basic mutator is introduced in an object-oriented analysis method. More 
complex events are then obliged to use basic mutators to modify the state of 
the model. A precondition can be attached to a basic mutator.  Then, more 
complex events derive their preconditions from the basic mutators, which are 
used in their specification. Can the introduction of the construct of a basic 
mutator be useful to represent dependencies (and restrictions in general)? 
Notice that this approach is frequently applied in object-oriented 
programming. 
 
Consider the conceptual model in Figure 23. Two basic mutators are 
specified: setBalance() and setLimit(). The preconditions attached to 
both mutators are consequences of the dependency stating that the balance of 
an account may not drop below its limit. Notice that both preconditions are 
necessary. The more complex event withdraw() is specified with the help 
of the basic mutator setBalance(). The precondition of the event 
withdraw() is derived from the precondition of the basic mutator 
setBalance().  
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Account 

balance : Euro 
limit : Euro 
setBalance() 
setLimit() 
withdraw() 

 
context  Account :: setBalance(amount : Euro) 
pre: amount >= limit()  
post:  balance() = amount 
 
context Account :: setLimit(amount : Euro) 
pre:    amount <= balance() 
post:  limit() = amount 
 
context  Account :: withdraw(amount : Euro) 
pre: balance() – amount >= limit()  
post:   setBalance(balance() – amount) 
 

Figure 23 Preconditions modelling dependencies: basic mutators 
 
A disadvantage of using preconditions is that the specification of the 
dependency gets dispersed over all basic mutators related to the static 
properties of the dependency.  The dispersion of the specification of one 
real-world fact over several model elements is discouraged because it does 
not promote adaptability and readability. Moreover, the dispersion of the 
dependency is not restricted to the involved basic mutators. The specification 
of more complex events is also be influenced by the dependency. 
Furthermore, it is disliked that it is necessary to specify events in order to 
model a dependency between static properties. In order to respect the 
principle of abstraction, it should be possible to model these dependencies 
without representing dynamic properties.  
 
When the construct of basic mutators is not supported, dependencies cannot 
be adequately modelled by preconditions. Indeed, in that case, nothing can 
prevent the introduction of additional events that could violate the 
dependency. Consider the example outlined in Figure 24. In this example, an 
event is specified directly to withdraw some amount of money from an 
account. The precondition reflects the dependency stating that the balance of 
an account may not drop below its limit. If this condition would only apply 
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to withdrawals, there would be no problem. However, if the dependency is 
of a more general nature, it might be violated by the introduction of other 
events, such as an event for changing the limit that applies to an account. 
Moreover, this approach would not prevent the dispersion of the 
specification of a dependency. 
 
 
 Account 

balance : Euro 
limit : Euro 
withdraw() 

 
context Account :: withdraw(amount : Euro) 
pre:   balance() – amount >= limit()  
post:  balance() = balance()@pre – amount 
 

Figure 24 Preconditions modelling dependencies: no basic mutators 
 
 
7.2.2 Postconditions 
 
7.2.2.1 Postconditions and Dependencies 
 
In the OCL, a postcondition is defined as a constraint that must be true after 
the invocation of the operation to which it applies [OMG01, p.2-33]. In the 
UML, a query is an operation whose result can be specified with a 
postcondition. Consider the example in Figure 25. In alternative one, the 
specification of the dependency is dispersed over both involved queries. In 
the other alternatives, only one query is further specified to model the 
dependency. The choice between one of the involved queries is arbitrarily. 
 
 

Account 
balance : Euro 
limit : Euro 

 
Alternative one 
context Account :: balance() 
post: result >= limit() 
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context Account :: limit() 
post: result <= balance() 
 
Alternative two 
context Account :: balance() 
post:  result >= limit() 
 
Alternative three 
context Account :: limit() 
post: result <= balance() 
 

Figure 25 Postconditions modelling dependencies 
 
Compared with the previous anti-pattern, no events must be defined; 
however, the disadvantage that the specification of the dependency is 
dispersed over several model elements is, in general, also true for 
postconditions. To avoid the dispersion, the analyst can also decide to pick 
out only one query to specify the postcondition. This is not an ideal solution 
because the choice of a query is, in general, arbitrarily.  
 
 
7.2.2.2 Postconditions and derived Queries 
 
In the UML [OMG01, 2-44], a model element is defined as derived if it can 
be computed in terms of other model elements. We define a derived query as 
a query, which can be computed in terms of other queries. In the example 
outlined in Figure 22, the query isPositive() is derived. 
 
One could decide to attach the postcondition, which specifies the 
dependency, to a derived query. Consider the example in Figure 26. The 
query isPositive() is further specified with a postcondition. This 
postcondition specifies the dependency. Notice that the expression 
(balance() >= 0) evaluates to true or false. In this case, the 
disadvantages of using postconditions to model the dependency disappear: 
the specification of the dependency is not dispersed among several model 
elements and the choice of the query is not arbitrarily.  
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Account 
balance : Euro 
isPositive : Boolean 

 
context Account :: isPositive() 
post: result = (balance() >= 0) 
 

Figure 26 Derived queries and postconditions  
 
One could decide to model dependencies, in which derived queries are 
involved, with the help of postconditions attached to a derived query. From 
our point of view, this approach has several disadvantages. These 
disadvantages are discussed in the next paragraphs: 
 
•  A first disadvantage is that in a dependency more than one derived query 

can be present. Consequently, the selection of a query to specify the 
dependency is arbitrarily.  In Figure 27, two examples are given. In each 
case, a dependency is indicated and all queries are derived. Consider case 
one. Three possibilities exist to model the dependency. During analysis, 
the choice between the possibilities is arbitrarily. Consider case two. 
During design, it is logic to calculate the age of a person on the basis of 
his birth date. This prevents that the age of a person must be constantly 
updated. This design concern does not exist during analysis. During 
analysis, the choice to attach the postcondition to the query age() or to 
the query birthDate() is arbitrarily. 

  
 
Case one 

Meeting 
start: Time 
end: Time 
duration : Duration 

 
-- Dependency: end() = start() + duration()   
 
alternative one: context Meeting duration()  post: result = end() – start()  
alternative two: context Meeting end()  post: result = start() + duration() 
alternative three: context Meeting start()  post: result = start() + duration() 
 



Chapter 2. Patterns for Modelling Static Properties 

 60

 Case two 
Person 

birthDate : Time {frozen} 
age : Duration 

 
-- Dependency: age() = now() – birthDate() 
 
alternative one:  context Person ::  birthDate() post: result = now() – age()  
alternative two:   context Person ::  age()   post: result = now() – birthdate()  
 

Figure 27 More than one derived query in a dependency 
 
•  A second disadvantage is that a distinction between queries with 

postconditions and queries without postconditions is made. This is close 
to distinguishing between attributes and queries. From our point of view, 
this is another way of suggesting data representation. Like we rejected the 
possibility to model case one in Figure 27 with two attributes and a 
query, we want to reject the possibility to model this case with two 
queries and a derived query. 

 
•  Thirdly, no answer is given about how to model dependencies, in which 

no derived queries are involved. In that case, or in the case more than one 
derived query is involved in a dependency, one could propose to model 
dependencies with invariants. From our point of view, a rather artificial 
distinction is made between dependencies with one derived query 
involved and with no or more than one derived query involved. At the 
level of static properties and their dependencies, there is no semantic 
need to introduce two constructs to model dependencies. 

 
•  A fourth disadvantage is that the construct of a derived model element is 

only introduced for technical modelling reasons. This construct helps the 
analyst to determine the queries to which the postconditions could be 
attached. The construct of a derived query was not introduced to express 
real-world semantics. One could argue that a derived model element 
specifies that a static property can be computed in terms of other static 
properties. This is correct, but normally this computational fact must not 
be represented. For instance, the fact that one can compute an amount of 
a transaction of an account in terms of the other amounts of the 
transactions of this account and the balance of this account must not be 
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modelled. Normally, an analyst wants to model dependencies between 
static properties, he does not want to represent that a static property can 
be computed in terms of other static properties. In other words, in order to 
represent real-world facts as static properties and its dependencies it is 
not necessary to determine if a query is derived or not. The determination 
of a query as derived in a dependency does in no way limit the possible 
state of the model. It is the dependency itself that limits the possible state 
of the model. Other constructs as characteristics, classes, associations and 
multiplicities were introduced to express real-world semantics. 

 
 
7.3 Patterns 
 
In the UML, an invariant attached to a class is defined as a constraint that 
must be true for all objects of that class at any time [OMG01, p.6-5]. A 
dependency between static properties is true at all times. Consequently, an 
invariant can be used to model a dependency. Consider the conceptual model 
in Figure 28. In this model, the dependencies are modelled with the help of 
invariants. The dependencies, which are present in the example of Figure 27, 
are also modelled by means of an invariant. 
 
 

Account 
balance : Euro 
limit : Euro 
isPositive : Boolean 

 
context Account inv: balance() >= limit() 
context Account inv: (balance() >= 0 Euro) =  isPositive() 
 

Figure 28 Invariants modelling dependencies 
 
When an invariant is used to model the dependency, the specification is not 
dispersed over several model elements and no arbitrary choices between 
queries must be made. Important to notice is that the use of invariants should 
be further evaluated in relation with the specification of dynamic properties 
and that the proposed solution to model dependencies with invariants is not 
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final. The use of invariants in combination with the specification of dynamic 
properties is further discussed in the chapter 5 about specifying restrictions. 
 
 
8 Partial Characteristics 
 
8.1 Problem Description 
 
After the decision concerning how to model static properties and 
dependencies between properties a next question arises: how to assign 
characteristics and associations to the correct class? This section about 
partial characteristics and the sections 9 and 10 will help the analyst to 
answer this question.  
 
A partial characteristic is defined as a characteristic that has a minimum 
multiplicity of zero. In this section, the use of partial characteristics will be 
evaluated. In the literature [Asse96, p.6] [Stee00, p.63], many authors warn 
against or forbid the use of partial attributes in conceptual modelling. Partial 
attributes could lead to problems with understanding the meaning of the 
attributes. No empirical evidence is however found to prove that users of 
conceptual models with mandatory attributes better understand the real-
world domain being modelled [Boda98]. 
 
In the UML, an attribute can have a multiplicity [0..m]. Such a multiplicity 
implies the possibility of a null value [OMG01, p.3-43].  In [Elma00, p.473], 
it is argued that null values can have multiple interpretations: the attribute 
does not apply (yet), the value for the attribute is unknown (and therefore not 
recorded) or the value is known but has not been recorded yet. A single 
representation for null values compromises the different meanings it may 
have. Notice that the last two interpretations are impossible at the level of 
analysis: the storage of information is not an issue during analysis. We 
consider the construct of a null value as a design or implementation 
construct. 
 
From our point of view, the multiplicity [0..m] of a characteristic indicates 
the possibility that the implicit query can return an empty set. Just like an 
association end with a multiplicity of [0..m] indicates that the implicit 
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query returns a set that can be empty). As an example, consider a class 
Person with a partial characteristic dateOfMarriage : Date [0..1]. If 
the query dateOfMarriage() is returning an empty set for a given person, 
then the given person has currently no date of marriage.  In other words, he 
or she is not married. In the same way, a query account() applied to a 
given person and returning an empty set, reflects the fact that the given 
person has currently no accounts. 
 
 
8.2 Anti-Patterns 
 
8.2.1 Violating the Principle of Completeness and Abstraction 
 
A possible approach is to forbid the use of partial characteristics. Consider 
the example outlined in Figure 29. Assume that a person has always just one 
name and that a person can have at most one salary. In the example, a 
subclass Employee is introduced to avoid partial characteristics. The 
introduction of the class Employment instead of the class Employee could 
also be considered to avoid the partial characteristic, but the discussion is 
here not about the use of generalization or delegation.  
 
 

 

P e r s o n
n a m e  :  S t r in g

E m p l o y e e
s a l a r y  :  E u r o

 
 

Figure 29 Violating the principle of completeness and abstraction 
 
The principle of abstraction is violated. The analyst is forced to search for a 
set of objects in which all elements have always a salary. More real-world 
facts than necessary are represented: employees have always a salary, 
employees are persons and employees have always a name. This violation of 
the principle of abstraction leads to a more complex model. 
 
The principle of completeness is also violated: some real-world facts are not 
represented. In the example, the fact that a person can have maximum one 
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salary is not represented. An employee has just one salary. No statements are 
made about the number of salaries a person can have.  
 
Notice that the conceptual model is not inadequate as such. Assume the 
following observed real-world facts: persons have always just one name, 
employees are persons and employees have always just one salary. If these 
real-world facts must be modelled, the conceptual model of Figure 29 is 
considered to be appropriate. 
 
 
8.2.2 Explicit Invariants testing the Number of Elements in a Set 
 
The unlimited use of partial characteristics can lead to an exhaustive list of 
complex and explicit invariants, which test if implicit queries are returning 
empty sets. Consider the example in Figure 30. Assume that an account can 
have a card number and a card expiry date. If an account has a card number 
it has also a card expiry date. This restriction is specified in the invariant. An 
analogue example could be made with characteristics such as 
accountBalances and accountNumbers attached to the class Person and 
an invariant stating that the number of elements in both sets must be the 
same. 
 
 

 

Account
balance : Euro 
cardNumber: BankCardNb [0..1, 0..1]
cardExpiryDate : Date [0..1]

 
context Account inv: cardNumber()→size()= cardExpiryDate→size() 
 

Figure 30 Explicit invariants testing the number of elements in a set 
 
As it will be discussed in chapter 6 about restrictions, explicitly specified 
constraints must be avoided as much as possible. From our point of view, the 
absence of explicit constraints promotes the readability of the model. 
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8.3 Pattern 
 
8.3.1 Use Partial Characteristics  
 
It is sometimes argued that the use of partial characteristics increases the 
heterogeneity of classes while homogeneous classes are considered to be a 
quality factor [Asse96, p.279]. Homogeneous classes do not contain highly 
dissimilar objects. Consider the conceptual model outlined in Figure 31. The 
partial characteristic salary is attached to the class Person. 
 
 

 

P e r s o n
n a m e  :  S t r i n g
s a l a ry  :  E u r o  [ 0 . . 1 ]

 
 

Figure 31 Using partial characteristics 
 
The class Person in the conceptual model of Figure 31 is as heterogeneous 
or homogeneous as in the conceptual model of Figure 29. This class 
represents namely the same set of objects.  Furthermore, the use of partial 
characteristics promotes the principle of abstraction and completeness. 
 
 
8.3.2 Avoid explicit Invariants testing the Number of Elements of a Set 
 
Analysts must avoid the specification of explicit invariants, which test the 
number of elements in a set. Consider the conceptual model in Figure 32. 
Compared with the conceptual model of Figure 30, no explicitly specified 
invariants are present. 
 
 

Account 
balance : Euro 

BankCard
number : BankCardNb [1,0..1]
expiryDate : Date0..11 0..11 

 
 

Figure 32 No explicit invariants testing the number of elements of a set 
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As stated in [Vanb94, p.190], the absence of explicitly specified constraints 
leads to better-structured models. Avoiding explicitly specified constraints 
promotes the principle of extendibility but violates the principle of 
abstraction. This will be further discussed in chapter 5 about modelling 
restrictions. 
 
If relevant, partial characteristics such as cardExpiryDate and
cardNumber could be attached to the class Account. In this example, partial 
characteristics allow to model information redundancy. In addition to both 
partial characteristics, two invariants must be added to the model. These 
invariants must specify the information redundancy relationship between the 
characteristics cardExpiryDate and expirydate and the characteristics 
cardNumber and number. Note that explicitly defined invariants that 
represent information redundancy relationships are allowed. 
 
 
8.3.3 The Principle of Extendibility 
 
Partial characteristics promote the principle of extendibility. Consider the 
conceptual models of Figure 33. The second and the third model are 
extensions of the first model. These extensions are examples where the 
principle of extension is satisfied: no modification of the existing 
specification of first initial model is needed. 
 
 

Model one: intial  model 
Account 

balance : Euro 
expiryDateOfBankCard : Date [0..1]

 
 

Model two: extended  model using delegation 
Account 

balance : Euro 
cardExpiryDate: Date [0..1]

BankCard 
expiryDate: Date 

0..11 0..11

 
context Account inv: cardExpiryDate () = bankCard().expiryDate() 
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Model three: extended  model using generalization 
Account

balance : Euro
cardExpiryDate  : Date [0..1]

AccountWithBankCard
cardExpiryDate : Date

AccountWithoutBankCard
cardExpiryDate : Date [0] 

{complete} 

 
 

Figure 33 The principle of extendibility   
 
Reconsider model three. The class Account has a partial characteristic 
cardExpiryDate. The multiplicities of characteristics are in fact constraints. 
As it will be discussed in the chapter 6, constraints can be strengthened at the 
level of specialization. Consequently, the minimum multiplicity can be 
increased at the level of specialization. This is illustrated in the characteristic 
cardExpiryDate of the class AccountWithBankcard. In the same way, the 
maximum multiplicity can be decreased at the level of specialization. This is 
illustrated in the characteristic cardExpiryDate of the class 
AccountWithoutBankCard. 
 
The multiplicity [0] of the characteristic cardExpiryDate in the class 
AccountWithoutBankCard indicates that the static property does not exist 
for objects of this class. The specification of multiplicity [0] for a 
characteristic is not equivalent with not modelling the characteristic. Two 
reasons exist for not modelling a characteristic: the characteristic is 
irrelevant or the characteristic does not exist. For example, the multiplicity 
[0] of a characteristic price in a class Person is necessary if the analyst 
wants to represent that persons cannot have a “price”. The weight of a 
person is not modelled in Figure 31 because it is irrelevant. 
 
Reconsider the specification of the invariant in the second model. It is 
assumed that a query applied to an empty set yields an empty set or more 
formally {}.q()={}. In the OCL [Warm03, p.82], the result of the 
expression {}.q() is undefined. 
 



Chapter 2. Patterns for Modelling Static Properties 

 68

8.3.4 Partial Association Ends 
 
It is surprisingly to observe that the use of partial characteristics is such a 
contentious issue in conceptual modelling, while the use of associations, 
which have at least one association end with a minimum multiplicity of zero, 
seems to pose no problem. While methodologists often advocate the 
transformation of the conceptual model of Figure 31 into the conceptual 
model of Figure 29, a transformation in Figure 34 of the first model into the 
second model is almost never promoted.  
 
 
Model one 

A c c o u n tP e r s o n 1 0 . . *1 0 . . *

 
-- context Person :: account(): Account [0..*] 
 
Model two 

Person 

AccountClient 1 1..*1 1..*

 
-- context AccountHolder::account(): Account [1..*] 
 

Figure 34 Partial association ends 
 
 
8.3.5 Conclusion 
 
Although many researchers advocate against the use of partial 
characteristics, we are in favour of it. Partial characteristics satisfy the 
principle of abstraction, completeness and extendibility and allow modelling 
information redundancy. Forbidding partial characteristics doesn’t promote 
comprehensibility or the homogeneity of classes. Avoiding explicit 
invariants testing the number of elements of a set helps the analyst to detect 
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the correct class for a given characteristic leading to better-structured 
models. 
 
 
9 Avoiding Non-Definedness 
 
9.1 Problem Description 
 
Queries are used to specify invariants and events. If a query can return an 
empty set, the invariant or event specified with the help of such a query, may 
not be fully defined. Consider the first example outlined in Figure 35.  
Because an account has not always a limit, the characteristic limit is partial 
in the class Account. Assume that the limit of an account can be increased, 
reflected by the definition of the mutator increaseLimit().  The mutator is 
not well defined in case the account has no limit: the query limit()@pre is 
used in the specification of the mutator and returns an empty set in case the 
given account has no limit. The expression {} + amount results in an 
undefined state for the characteristic limit. Consider the second example in 
Figure 35. The invariant is inaccurately defined. In case a person has no 
accounts, the invariant is not well defined due to a division by zero. 
Undefined or partially undefined specifications must be avoided. How can 
this non-definedness be avoided in the specification of invariants and 
events? 
 
 
Case one: events 

Account 
limit: Euro [0..1] 
increaseLimit() 

 
-- badly  defined mutator 
-- context Account :: increaseLimit(amount : Euro) 
-- post:  limit() = limit()@pre + amount 
 
 
Case two: invariants 

Person 
averageBalance: Euro [0..1]

Account
balance : Euro

0..*11 0..*
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-- badly defined invariant 
-- context  Person inv: averageBalance() = account().balance()→sum() / (account()→size()) 
 

Figure 35 Non-definedness 
 
Note that according to the OCL [Warm99, p.95], the query sum() returns 0 
when the query is applied on an empty set, e.g. if a person has no accounts. 
We are not in favour of this assumption because it is preferred to make a 
distinction between 0 and an empty set. For instance, assume a characteristic 
totalBalance: Euro [0..1] attached to the class Person in Figure 35. In 
addition, the model is extended with an invariant totalBalance() =
account().balance()→sum() attached to class Person. If a person has 
no accounts, the query totalBalance() should return an empty set. If a 
person has accounts, the totalBalance could equal 0 Euro. We assume that a 
query, e.g. the query sum(), applied on an empty set returns an empty set. 
As a result a distinction can be made between persons that have no accounts 
and persons that have accounts, but where the total balance of their accounts 
equals 0 Euro. 
 
 
9.2 Anti-Patterns 
 
9.2.1 More complex Specifications 
 
Non-definedness can be avoided by the introduction of more complex 
specifications, for instance with the help of the if-then-else construct. 
Consider the examples in Figure 36. In both cases, the condition in the if-
then-else construct tests if a query returns an empty set. In the first case, a 
precondition could be used instead of the if-then-else construct, but the 
discussion is here not about preconditions versus if-then-else expressions. 
 
 
Case one: events 

Account 
limit : Euro [0..1] 
increaseLimit() 

 
context  Account :: increaseLimit(amount : Euro) 
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post:  if limit()@pre→isEmpty() 
       then limit()→isEmpty() 
     else  limit() = limit()@pre  + amount 
     endif 
 
Case two: invariants 

Person 
averageBalance: Euro [0..1]

Account
balance : Euro

0..*11 0..*

 
context  Person inv: 
if  account()→isEmpty() 
  then averageBalance()→isEmpty() 
  else  averageBalance() = account().balance()→sum() / account()→size() 
endif 
 

Figure 36 Complex specificiatons 
 
In object-orientation, if-then-else constructs should be avoided. Generally, 
more complex specifications must be avoided as much as possible because 
they do not promote readability. 
 
 
9.2.2 Avoiding Queries that can return empty Sets 
 
Another approach to avoid non-definedness in the specification of invariants 
and events is to avoid implicit queries that can return empty sets. In this 
approach, no constraints, which test when queries return empty sets, can be 
used. Consider the examples outlined in Figure 37.  Partial characteristics 
and partial association ends are avoided by adding new classes. Notice that 
instead of generalization, delegation can be used to avoid partial 
characteristics and partial association ends, but the discussion is here not 
about delegation versus generalization. 
 
 
Case one:  events 

Account 
AccountWithLimit 

limit : Euro

increaseLimit()
 

context  FrozenAccount :: prolongFrozen(duration : Duration) 
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post:  frozenUntil() = frozenUntil()@pre + duration 
 
Case  two 

Person 

Account
balance : Euro

Client 
averageBalance : Euro 1 1..*1 1..*

 
context  Client inv:  
averageBalance() = account().balance().sum() / account().size() 
 

Figure 37 No queries that can return empty sets 
 
The disadvantages of this approach, such as more complex models and the 
violation of the principle of completeness and abstraction, are already 
discussed in section 8. 
 
 
9.3 Patterns 
 
From our point of view, the non-definedness can be caused by the difference 
that is made between instances and sets of instances. For instance, the 
addition of two integers is defined but not a set of integers plus an integer. If 
it is assumed that an implicit query always returns a set (some sets 
containing only one element) and that queries can be applied to sets, then the 
non-definedness can be avoided. An expression S.q() where q() is a query 
and S a set returns a set where the query was applied on each element of the 
set. For instance, a query plus(3) applied on a set {5,8} returns the set 
{8,11}. The application is denoted by a dot: {5,8}.plus(3). A query 
applied on an empty set, returns an empty set. An expression S→q() where 
q() is a query and S a set indicates that the query is applied on a set and not 
an each element of the set, e.g. the expression S→size() returns the 
number of elements of the set S. 
 
Consider the first case in Figure 38. It is supposed that the query 
limit()@pre returns a set with one data value of the data type Euro or an 
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empty set. Furthermore, it is assumed that a query plus(amount: Euro):
Euro is defined in the data type Euro. This query plus() is applied on a set 
with one element or on an empty set. If it was applied on an empty set, the 
query plus() returns an empty set. An analogous reasoning could be made 
for he second case. Consequently, the expression {}.divideBy(0) results in 
an empty set.  
 
 
Case one: events 

 

Account 
limit : Euro [0..1] 
increaseLimit() 

 
context  Account :: limit(amount : Euro) 
post: limit() = limit()@pre.plus(amount)  
 
Case two: invariants 

Person 
averageBalance : Euro [0..1] 

Account
balance : Euro

0..*11 0..*

 
context  Account inv: 
averageBalance()=account().balance()→sum().divideBy(account()→size()) 
 

Figure 38 Avoiding non-definedness: events and invariants 
 
This approach promotes uniformness. A query always returns a set of 
instances. No distinction is made between queries returning one instance, 
and queries returning sets of instances. The approach also promotes 
adaptability: the multiplicity of a characteristic or association end can 
change without the necessity to change existing specifications. We are in 
favour of this last alternative to avoid non-definedness because it supports 
abstraction.  It is also possible to reason about the average balance of all 
persons while in the second anti-pattern it was only possible to reason about 
the average balance of clients.  Notice that this approach needs further 
investigation. For example, what are the results of the expressions 
{3}.plus({}) and {3,4}.plus({5,6})? 
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10 The Third Normal Form in Object-Oriented Analysis 
 
10.1 Problem Description 
 
The third normal form (3NF) is a key construct in relational database design 
[Elma00]. The 3NF is a step in the normalization process. This process 
avoids the plural storage of the same information and update anomalies in 
databases. In this section, the possible influence of this form on object-
oriented analysis is evaluated. Can this form help to determine the correct 
class of a characteristic? Consider the example in Figure 39. Assume that 
each account has a cost during its whole lifecycle and that the cost is the 
same for accounts at the same bank. What is the appropriate class for the 
characteristic cost? 
 
 

B a n k A c c o u n t0 . . *11 0 . . *

 
 

Figure 39 What is the approriate class for the characteristic cost?  
 
 
10.2 Anti-Patterns 
 
10.2.1 Explicit Invariants testing the Number of Elements in a Set 
 
In a first approach, a partial characteristic cost is attached to the class Bank: 
a bank must not have a cost when it has no accounts. The fact that an 
account has always a cost is modelled by an invariant. In section 8, we have 
seen that explicit constraints testing the number of elements in sets indicate a 
badly structured model.  
 
 

 

Bank 
cost : Euro [0..1] Account0..*11 0..*

 
context  Account inv: bank().cost()→size()=1 
 

Figure 40 Explicit invariants testing the number of elements in a set 
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10.2.2 Explicit Invariants representing Transitive Dependency 
 
Avoiding explicit invariants testing the number of elements in a set is not 
sufficient to determine the class for a characteristic. Consider the example in 
Figure 41. The characteristic cost is moved to the class Account. The 
invariant specifies that each account at the same bank has the same cost. 
 
 

 

Bank Account
cost : Euro0..*1 1 0..*

 
context  Bank inv: account()→forAll(acc1,acc2|acc1.cost()=acc2.cost()) 
  

Figure 41 Explicit invariants representing transitive dependency 
 
If this approach would not be rejected, every characteristic of a bank can be 
modelled in the class Account, adding the same kind of invariant. For 
instance, the characteristic bankName can then also be modelled in the class 
Account. Another disadvantage is that a possible mutator for the cost is not 
so easy to specify. Indeed, the mutator must change the cost for all accounts 
at the same bank. 
 
In relational database design, the cost of an account will also not be 
modelled in the relation Account.  Such a design would be rejected because 
of the third normal form. The third normal form is based on the concept of 
transitive dependency, which in turn is based on the concept of functional 
dependency. For precise definitions of relational databases, the normal 
forms, functional dependency and transitive dependency we refer to the 
literature about database design [Elma00].  
 
In database design, the third normal form rejects all transitive dependencies 
between attributes and the primary key. In object-oriented analysis, the 
implicit identity of an object can act as the primary key, and queries can act 
as attributes. The resemblance between transitive dependency in database 
design and in object-oriented analysis is illustrated in Figure 42. 
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Transitive Dependency in Database Design 
Account (accountnr, cost, banknr) 
 accountnr ⇒ banknr 
 banknr ⇒ cost 
 not (banknr ⇒ accountnr) 
 
Transitive Dependency in Object-Oriented Analysis 
context Account 
 self ⇒ bank() 
  bank() ⇒ cost()  
 not (bank() ⇒ self)  
 

Figure 42 Transitive dependency in design and analysis 
 
In database design, a functional dependency from X to Y is denoted as X ⇒ 
Y. It is said that Y is functional dependent upon X. If (X ⇒ Y) and (Y ⇒ Z) 
and (not (Y ⇒ X)) then Z is said to be transitive dependent from X. The 
relation Account has three attributes accountnr, cost and banknr. The 
first attribute is the primary key. The attribute banknr is functional 
dependent on accountnr, while the attribute cost is functional dependent 
on banknr. The attribute banknr is not a candidate key. Consequently, the 
attribute cost is transitive dependent on accountnr. 
 
In object-oriented analysis, the concept of transitive dependency is 
illustrated with the help of the implicit identity of the object, denoted by 
self. In the bottom half of Figure 42, the query cost() is transitive 
dependent upon the object (or upon the implicit identity) via the query 
bank(). This transitive dependency is disallowed and is reflected in the 
invariant in Figure 41. 
 
 
10.3 Patterns 
 
10.3.1 The 3NF in Analysis 
 
In object-oriented analysis, the third normal form helps to avoid explicitly 
specified invariants that represent transitive dependency and helps to detect 
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the appropriate class for a model element that represent a set of static 
properties. Consider the conceptual model in Figure 43. A new class 
AccountOffer is added to the model. An object of the class AccountOffer 
is created when the bank decides to offer accounts to its clients.  At that 
moment, the bank decides about the cost of an account. Specifying a mutator 
that modifies the cost poses no particular problems. 
 
 

A c c o u n t 
0 ..*  

B a n k   A c c o u n tO ffe r  
 c o s t : E u ro  

1 10 ..1  

 

Figure 43 The third normal form in object-oriented analysis 
 
 
10.3.2 Refinement of the 3NF in Object-Oriented Analysis 
 
Transitive dependencies cannot always be avoided in object-oriented 
analysis because it is allowed to model information redundancy, while 
during relational database design it is assumed that information redundancy 
has already been eliminated. Consider the first alternative example in Figure 
44. The query isPositive() is transitive dependent on the implicit identity 
via de query balance(). This constraint is represented by the first invariant 
and cannot be avoided because the characteristic isPositve is a model 
element that represents information redundancy. 
 
 
Alternative one 

Account 
balance : Euro 
isPositive : Boolean 
bankName : String 
bankAdress : String 

 
context Account inv: isPositive() = (balance() >= 0 Euro) 
 
context  Account inv:  
Account.allInstances→forAll(acc1,acc2|acc1.bankName() = acc2.bankName() implies 
acc1.bankAdress() = acc2.bankAdress()) 
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Alternative two 

Bank 
name : String 
adress : String 

Account
balance : Euro
isPositive : Boolean

0..*11 0..*

 
context Account inv: isPositive() = (balance() >= 0 Euro) 
 

Figure 44 Transitive dependency cannot always be avoided 
 
The query bankAdress() is transitive dependent on the implicit identity via 
the query bankName(). This constraint is represented by the second 
invariant. In the second alternative, this transitive dependency is avoided by 
introducing a class Bank and by moving both characteristics to this class. 
One could argue that only the characteristic bankAdress must be moved to 
the class Bank in order to respect the third normal form in object-oriented 
analysis.  This is not the correct because, if only the characteristic 
adressBank is moved to the class Bank, the query bankName() is transitive 
dependent on the implicit identity via the query bank(). 
 
Notice that the reasons to avoid transitive dependencies in relational 
database design and in object-oriented analysis are strongly different. In 
relational database design, the reasons are efficiency in space (avoid the data 
storage of the same information more than once), and efficiency in time 
(avoid update anomalies).  In object-oriented analysis, the reason to avoid 
transitive dependencies is the search for a more stable, more comprehensive 
and better-structured conceptual model. 
 
 
10.3.3 Conclusion 
 
The analyst must avoid explicitly modelled constraints caused by transitive 
dependencies, as far as they are not caused by model elements representing 
redundant information. These transitive dependencies can be avoided by 
attaching the characteristic to the correct class. In some cases, this may lead 
to the introduction of additional classes in the conceptual model.  
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Once a set of static properties has been observed in the external world, strict 
criteria are needed, unambiguously indicating how the given properties are 
to be incorporated in the conceptual model in the most appropriate way. In 
the sections 8, 9 and 10, we have introduced criteria for attaching 
characteristics to classes. It cannot be overstressed that these criteria are only 
suited for building conceptual models. They could be violated in design 
models due to a trade-off in software quality factors. For example, the model 
in Figure 40 could be chosen as a solution during the design phase. 
 
 
11 Other Normal Forms in Object-Oriented Analysis 
 
11.1 Problem Description 
 
In this section, the possible influence of the first normal form and the second 
normal form in relational database design on object-oriented analysis is 
briefly described. In order to be complete, further research is needed on the 
relationship between object-oriented analysis and the other normal forms, in 
particular the Boyce-Codd normal form, the fourth normal form and the fifth 
normal form. 
 
 
11.2 Patterns 
 
11.2.1 The First Normal Form 
 
The first normal form in database design disallows multivalued attributes 
caused by the need of a fixed record length in relational database design.  In 
object-oriented analysis, this poses no problem: multi-valued characteristics 
are allowed. Consider the example in Figure 45.  A person can have different 
first names.  
 
 

Person  

firs tNam es : S tring [1 ..*]

 
 

Figure 45 The first normal form in object-oriented analysis 



Chapter 2. Patterns for Modelling Static Properties 

 80

 
The first normal form in design also disallows composed attributes. In 
section 2, it was stated that characteristics can have more than one data type 
as type. 
 
 
11.2.2 The Second Normal Form 
 
The second normal form in database design prevents the use of too large 
composed primary keys. Primary keys for tables in relational databases must 
be as small as possible.   Because in object-oriented analysis, one is working 
with the implicit identity of an object instead of a primary key, the second 
normal form is irrelevant in object-oriented analysis. However, one can 
imagine cases where a combination of characteristics is unique for each 
object of a class. 
 
Consider the first alternative in Figure 46. A class Granteeship is 
introduced to model all granteeships of accounts.  An account can have 
different persons as grantee.  The combination of the account number and 
the social security number of a grantee is unique for each granteeship, 
supposing that the same person can never be more than once a grantee for 
the same account. This restriction is modelled in the first invariant. 
 
In addition, it is possible that another characteristic of the class is functional 
dependent on one of the queries of the unique combination of queries. In 
database design, such cases are not resolved by the third normal form, while 
in object-oriented analysis these cases all lead to a transitive dependency due 
to the presence of the implicit identity of an object. Indeed, the query 
balance() is transitive dependent on the implicit identity via the query 
accountNumber(). The third normal form disallows this transitive 
dependency. Consequently, no other criteria are needed to prevent such 
cases in object-oriented analysis. This restriction is modelled in the second 
invariant. Notice that the characteristic accountNumber is not unique in the 
class GranteeShip. The transitive dependency is avoided in the second 
alternative.  
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Alternative One 

Granteeship 
accountNumber : AccountNb 
granteeSsNumber : SocialSecurityNb 
balance : Euro 
since : Date 

 
context GranteeShip inv:  
GranteeShip.allInstances→forAll(g1,g2| g1 < > g2 implies  
(g1.accountNumber() < > g2.accountNumber() or  
g1.granteeSsNumber() < > g2.granteeSsNumber())) 
 
context  GanteeShip inv:  
GranteeShip.allInstances→forAll(g1,g2| g1.accountNumber() = g2.accountNumber() implies  
g1.balance() = g2.balance()) 
 
--Transitive Dependency  
--self ⇒ accountNumber() 
--accountNumber()⇒ balance() 
--not (accountNumber()⇒ self) 
 
Alternative Two 

Account 
number : AccountNb [1,0..1] 
balance : Euro 

GranteeShip
ssNumber : SocialSecurityNb 
since : Date

0..*1

 
context  Account inv: 
granteeShip()→forAll(g1,g2| g1 < > g2 implies g1.ssNumber() < > g2.ssNumber()) 
 

Figure 46 The second normal form 
 
 
11.2.3 Conclusion 
 
During analysis, the first normal form and the second normal form do not 
influence the way characteristics are modelled and attached to classes. 
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12 Modelling Dependencies on the Model Layer 
 
12.1 Problem Description 
 
In this section and in section 13, two ideas will be discussed that can 
improve the adaptability of conceptual models. In [Stee02, p.42], 
adaptability is defined as a quality factor for software systems. This quality 
factor measures the ease to change existing software systems. At the level of 
analysis, this quality factor measures the ease to change an existing 
conceptual model. In this section, the idea was to specify not only 
dependencies on the user object level, but also on the model level. In section 
13, the idea was about encapsulation at the level of analysis. These ideas are 
applied to model elements that represent sets of static properties. The 
application makes the ideas more concrete. These ideas could be also applied 
to other model elements. In both sections, the focus was on the ideas to 
improve the adaptability of conceptual models and certainly not on the way 
these ideas must be worked out. Both ideas seem to be promising, but need 
further investigation. 
 
The UML [OMG01, p.2-4] [Klep03, p.85] [Fran03, p.105] has a four-layer 
metamodel architecture. The four different layers are: the user object layer, 
the model layer, the metamodel layer and the meta-metamodel layer. The 
primary responsibility of the model layer is to define a language that 
describes a problem domain. The model layer contains models, e.g. the class 
diagram of Figure 47. Elements of this model are the class Account and 
BankCard, the characteristics of these classes, the association between these 
classes and the invariant. The user object layer contains the instances of the 
model. The other layers fall outside the scope of this section. 
 
In section 7, the discussion was focused on how to model dependencies 
between static properties. These dependencies are situated at the object 
layer. Consider the example in Figure 47. There exists a dependency 
between the partial characteristic cardExpiryDate in the class Account 
and the characteristic expiryDate in the class BankCard. This dependency 
is expressed in the invariant. There may also exist dependencies at the model 
layer. For instance, dependencies may exist between the multiplicities and 
data types of different characteristics. In the example, there exist a 
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dependency between the multiplicity of the characteristic cardExpiryDate, 
the multiplicity of the characteristic expiryDate and the multiplicity of the 
association end bankCard. Furthermore, there exists a dependency between 
the data type of the characteristic cardExpiryDate and the data type of the 
characteristic expiryDate. 
 
 

Account 
balance : Euro 
cardExpiryDate [0..1]: Date 

BankCard
expiryDate : Date 0..111 0..1

 
context Account inv:  cardExpiryDate() = bankCard().expiryDate() 
 

Figure 47 No specification of dependencies on the model layer 
 
Let us assume that the real-world situation changes, and that an account can 
be linked with several bankcards. In such a case, not only the multiplicity 
[0..1] of the association end bankcard must be modified into [0..*], but 
also the multiplicity of the characteristic cardExpiryDate. It is obvious that 
the conceptual model of Figure 47 is not very adaptable, because 
specifications at several points in the conceptual model must be changed. In 
order to better support adaptability, these dependencies must be expressed. 
How can dependencies, which are situated at the model level, be specified? 
 
 
12.2 Anti-Patterns 
 
The conceptual model in Figure 47 is an anti-pattern: the dependencies at the 
model layer are not specified. 
 
 
12.3 Patterns 
 
12.3.1 Introducing Model-Layer Queries 
 
In the OCL [OMG01, p.6-29], some queries that give access to the model 
layer are already predefined. For instance, the queries attributes() and
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operations() return respectively the set of names of attributes and the set 
of names of operations of a certain classifier.  
 
We suggest introducing some additional predefined model-layer queries as 
minMultiplicity(), maxMultiplicity() and DataType(). These queries 
can be applied on a characteristic or an association end and return 
respectively the minimum multiplicity, the maximum multiplicity and the 
data type of a given characteristic or association end. These additional 
queries allow expressing the dependencies at the model layer. Consider the 
example outlined in Figure 48. The context of the invariants specifying 
dependencies at the model layer is ModelLayer. In the example, three model 
layer dependencies are expressed. Note that the model layer queries are 
applied on model elements, e.g. the characteristic cardExpiryDate, and not 
on objects of the user-object layer. 
 
 

Account 
balance : Euro 
cardEpiryDate : Date [0..1] 

BankCard
expiryDate : Date 0..111 0..1

 
context Account inv:  cardExpiryDate() = bankCard().expiryDate() 
 
context ModelLayer inv: 
Account.cardExpiryDate.dataType() = BankCard.expiryDate.dataType() 
 
context  ModelLayer inv:  
Account.cardExpiryDate.minMultiplicity() = 
Account.bankCard.minMultiplicity() *  BankCard.expiryDate.minMultiplicity() 
 
context  ModelLayer inv: 
Account.cardExpiryDate.maxMultiplicity() = 
Account.bankCard.maxMultiplicity() * bankCard.expiryDate.maxMultiplicity()  
 

Figure 48 Specifying model-layer dependencies 
 
We are not fully convinced that these specifications are an elegant and a 
concise way to specify this kind of dependencies. They are only described to 
illustrate the idea of modelling dependencies on the model layer and as a 
step in promoting the adaptability of conceptual models. 
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12.3.2 Dependencies on the Model Layer differ from Dependencies on the 

Object Layer 
 
One could argue that the last three invariants in Figure 48 are consequences 
of the first invariant and that it is not necessary to specify the last three 
invariants.  This is not the case. Consider the example in Figure 49.  Assume 
that a bankcard can have an expiry date and can be attached to maximum 
one account. The expiry date of a bankcard can be but must not be in 
December. An account must be linked with at least two bankcards. At least 
one and at most three of the bankcards linked with an account have an expiry 
date. In addition, the cardExpiryDate of an account must be in December.  
The dependency between the characteristics cardExpiryDate and 
expiryDate is specified in the invariant. Consequently, the dependencies 
between the multiplicities and data types of characteristics are not 
necessarily consequences of dependencies at the user object layer.  
 
 

Account 
cardExpiryDate: DateInDecember[1..3]

BankCard 
expiryDate : Date [0..1] 2..*0..10..1 2..*

 
context Account inv: cardExpiryDate() = bankCard().expiryDate() 
 

Figure 49 No dependencies between the multiplicities and the data types 
 
 
13 Encapsulation during Analysis 
 
13.1 Problem Description 
 
The basic idea behind encapsulation or information hiding is to conceal 
irrelevant details for the potential users of a given element. The first 
advantage is that this promotes a better and natural way of communication 
with the users of the given element. A second advantage is that the hidden 
details can be modified without consequences for the way the given element 
is used. Encapsulation, still a key construct in object-orientation, is not 
discussed as such in the UML [OMG01] [Rumb99]. Only the notion of the 
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visibility of a model element can be specified in terms of annotations such as 
private or public. The principle of encapsulation is not only applied in 
software engineering, but also in almost all other disciplines. For instance, 
the manual of a washing machine describes how to turn it on but doesn’t 
describe the internal working of the machine. 
 
 
13.1.1 Encapsulation during Implementation 
 
Encapsulation is adopted by all object-oriented programming languages 
[Stee99, p.83].  In object-oriented programming two kinds of encapsulation 
can be distinguished: hiding the data representation of an object and hiding 
the implementation of a method. The first kind of encapsulation is also 
called data hiding or data abstraction; the second kind is also called 
procedural abstraction. In addition to a better communication with the users 
of the given class, the advantages of encapsulation should be clear: the data 
representation and the implementation of the given class can be modified 
without the necessity for the users of the class to change their code. This 
promotes the adaptability of the software. 
 
 
13.1.2 Encapsulation during Analysis 
 
In object-orientation, the construct of encapsulation or visibility is 
considered to be meaningful during design and implementation. It is 
considered to be an irrelevant issue during analysis. According to the UML 
Reference Manual [Rumb99, p.432] visibility specifications for model 
elements appear during the design stage. During analysis, the model 
elements are assumed to be freely accessible. At first sight, this could seem 
logical because at the level of object-oriented analysis the data 
representation of an object and the implementation of a method are not and 
should not be worked out. Consequently, one could say that there is nothing 
to hide. At second sight, one could wonder whether some real-world facts 
are not a detail for certain users. Because encapsulation promotes 
adaptability, one could also pose the question if some real-world facts are 
not likely to change.  These model elements could then be encapsulated. 
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13.2 Anti-Patterns 
 
Consider an example outlined in Figure 50. All accounts have a balance and 
can be linked with at most one bankcard. All bankcards have an expiry date 
and are linked with exactly one account. The conceptual model seems to be a 
very good representation of the real-world facts. 
 
 

Account 
balance : Euro 
hasBankCard : Boolean 

BankCard
0..111 0..1

expiryDate : Date 

 
context Account inv: hasBankCard() = (bankCard()→size() = 1) 
 

Figure 50  No encapsulation 
 
At second sight, one could pose the question if the multiplicity of the 
association end bankCard is not a detail for the user? In this example, the 
invariant (or the analyst who specifies the invariant) is considered to be a 
user. The invariant uses the fact that the maximum multiplicity is one.  In 
fact, the multiplicity is a detail for the invariant. The multiplicity is not 
needed for the specification of the invariant. If the maximum multiplicity of 
the association end bankCard changes, then all specifications that “used” 
this multiplicity must be also changed, e.g. the specification of the invariant 
must be changed as well.  
 
 
13.3 Patterns 
 
The use of encapsulation at the level of analysis can promote adaptability. 
Consider the example outlined in Figure 51. The multiplicity of the 
association end bankcard is encapsulated. The encapsulation of a model 
element is denoted with the symbol E. This prevents the export of the 
multiplicity to the outside. Consequently, the multiplicity will not be used 
and can therefore be easily changed without the necessity to change other 
specifications. In the example, the specification of the invariant does not 
make use of the multiplicity of the association end bankCard. Consequently, 
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if the maximum multiplicity of the association end bankcard changes, the 
invariant must not be modified. 
 
 

Account 
balance : Euro 
hasBankCard : Boolean 

BankCard 
expiryDate : Date E (0..1)11

 
context  Account inv: hasBankCard() = bankCard()→size() >= 1 
 

Figure 51 The construct of encapsulation during analysis 
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Chapter 3  
 
Patterns for Modelling Dynamic Properties 
 
 
Whereas static properties deal with links between instances at any given 
moment, dynamic properties deal with changes of these links or with the 
migration of objects in sets. A dynamic property is a real-world fact that 
changes the state of the real world. Examples of dynamic properties are the 
deposit of a certain amount on an account and the closing of an account.  
 
We consider dynamic properties as another important type of real-world 
facts to represent. In contrast with the functional approach [Somm92, p.219] 
and the data approach [Elma00, p.41], it is the merit of object-orientation 
that static as well as dynamic aspects can be equally emphasized and that it 
allows representing both kinds of properties in a single model. 
 
The presence of restrictions in the real world, as for instance dependencies 
between static properties, makes the task of investigating how to specify 
behaviour only more complex. To specify valid behaviour, these restrictions 
should be taken into account. Moreover, during analysis, adequate 
specification of behaviour should not describe how to control these 
restrictions. As stated in [Roll92, p.4], modelling languages are often not 
rich enough to incorporate the dynamic aspects and the restrictions, or they 
are not well-defined and difficult to use. The specification of behaviour is 
strongly interconnected with the specification of restrictions and will 
therefore be discussed in a separate chapter about modelling restrictions. 
 
The four sections in this chapter provide guidelines how dynamic properties 
can be modelled in an appropriate way. In section 1, dynamic properties and 
the way to specify and classify them is introduced. In section 2, the frame 
problem, which is the problem of specifying the unchanged static properties, 
is discussed in view of object-oriented analysis. In section 3, the solution of 
the frame problem is further refined for specialized events and composed 
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events. In section 4, the frame problem in case of the presence of 
dependencies between static properties is discussed. 
 
 
1. Modelling Prototypes of Dynamic Properties 
 
1.1 Problem Description 
 
A dynamic property can be defined as a change of a link between instances, 
or as the migration of an object. Consider the examples outlined in Figure 1. 
A withdrawal is a change of a link between a savings account and a data 
value. The closing of a savings account is considered to be a migration of an 
object. For example, the closed savings account can be migrated to the set of 
closed savings accounts. The set of closed savings accounts is considered to 
be irrelevant in this example. The different kinds of dynamic properties are 
further discussed in this section. 
 

Euro 

-100 
  +500 

  +100 

Savings Account 

acc1 
acc2 

acc3 

balance 

withdraw 
close 

 
Figure 1 Dynamic properties 
 
 
1.2 Patterns 
 
1.2.1 Events 
 
A prototype of dynamic properties of the same kind is modelled by an event. 
An event describes how the state of the model may evolve over time. An 
event occurs at a point in time and has no duration [Rumb99, p.68].  
 
An event does not model a set of all its occurrences. As an example, a 
withdraw-event does not model a set of all accomplished withdrawals; an 
open-event does not model a set of all openings of accounts. A withdraw-
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event represents a prototype of a withdrawal, describing what it means to 
withdraw money from some account. In the same way, an open-event 
models a prototype of an opening of an account. Classes are used to model 
sets of objects. Further investigation is needed about the distinction between 
classes and events and about the use of classes versus events. 
 
In the UML, events are used in state diagrams. Our construct of an event 
does not (fully) match with the UML construct of an event [Brow02, p.347]. 
Our construct of an event matches better with the UML construct of an 
operation, as far as it is not a query [OMG01, 2-72]. Consequently, our 
events can be used in class diagrams. 
 
 
1.2.2 Specification of Events 
 
As for characteristics, events will be attached to the involved classes instead 
of to the involved data types. In other words, events are structured as 
characteristics. Consider the example outlined in Figure 2. The event 
withdraw() will be attached to the class Account and not to the data type 
Euro nor to both classifiers. Consequently, one could say that objects have 
not only static properties such as a balance, but also dynamic properties, 
such as a withdrawal. Events are modelled in the second compartment of the 
class while characteristics are modelled in the first. 
 
 

Account 
balance : Euro 
withdraw() 

 
context Account :: withdraw(amount: Euro) 
post: balance() = balance()@pre – amount  -- the effect of an event 
 

Figure 2 The specification of an event 
 
The effect of an event specifies how the new state of the model can be 
derived from the old state of the model. The effect of an event is specified by 
means of a postcondition. Reconsider the example in Figure 2. If a 
withdrawal occurs, the balance of the account is decreased with the given 



Chapter 3. Patterns for Modelling Dynamic Properties 

 92

amount. Events can have explicit arguments. The way to specify the effect of 
events is further discussed in this chapter and in the chapter about modelling 
restrictions.  
 
It is well agreed that at the level of analysis, dynamic properties are best 
described in a declarative way [Vane01, p.462]. At the level of analysis, an 
event must only specify its effect without wondering how this effect can be 
accomplished [Steeg00, p.151]. Several assertions in a postcondition are 
connected with an implicit conjunction (logical and) [Meye97, p.337]. 
Consequently, the order of the assertions is arbitrary. Notice, that an implicit 
conjunction is not foreseen in the OCL [OMG01]. 
 
Events are always applied to objects. The expression self.event() denotes 
the application of the event event() to the object self. Such expression can 
occur in the specification of the effect of other events [section 1.2.4] and in 
the specification of functional requirements [chapter 7]. Events can be only 
applied on objects of the class to which the event is attached. 
 
 
1.2.3 Mutators and Migrants 
 
A first classification of events can be made in terms of mutators and 
migrants. A mutator models a change of a link between objects or between 
objects and data values. The event withdraw() in the Figure 2 is an example 
of a mutator. In the example, the mutator withdraw() changes the link 
between the account to which it is applied and a data value of type Euro. 
 
A migrant models the migration of an object from a certain set into another 
set. Consider the example outlined in Figure 3. Assume that a savings 
account can be converted into a current account. The event 
convertToCurrent() applicable to a savings account models such a 
conversion. Notice that this event is attached to the class SavingsAccount
although two classes are involved. How events (and characteristics) are 
modelled when more than one class is involved is discussed in chapter 4. 
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CurrentAccountSavingsAccount

convertToCurrent()

 
context SavingsAccount :: convertToCurrent() 
post: not oclIsTypeOf(SavingsAccount) 
  oclIsTypeOf(CurrentAccount)    
 
context  SavingsAccount inv: not oclIsTypeOf(CurrentAccount)@pre 
-- context  CurrentAccount inv: not oclIsTypeOf(SavingsAccount)@post 
 

Figure 3 A migrant 
 
No assumption is made about dynamic or static classification when two or 
more classes are represented in a model. A class models only a set of 
objects. This promotes the principle of abstraction. We fully agree with 
[Rumb99, p.54], where it is stated that there is no logical necessity to forbid 
dynamic classification. The restriction is primarily intended to make the 
implementation of object-oriented programming languages easier but from 
our point of view dynamic classification is a valuable modelling possibility. 
In EROOS [Steeg00], dynamic classification is not allowed. 
 
The invariant in the example of Figure 3 specifies that current accounts 
cannot be converted into savings accounts. Notice that, in contrast with the 
OCL [OMG01, p.6-22], we allow the use of the @pre postfix in the 
specification of invariants. In the OCL, this annotation is only allowed in a 
postcondition. The use of the @pre postfix allows modelling a more 
extensive and richer set of restrictions. For instance, a restriction that the 
balance of an account can only increase is now modelled as inv:
balance() >= balance()@pre. It is assumed that invariants, where the 
@pre postfix is used, are satisfied by definition for constructors. The 
introduction of the postfix @post allows attaching the invariant at the class 
CurrentAccount and is illustrated in the comment of Figure 3.
 
From our point of view, destructors and constructors are special kinds of 
migrants. A destructor represents the removal from an object in a set and 
makes abstraction of the class to which the given object migrates. The class 
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to which the given object migrates is considered to be irrelevant and is 
therefore not represented in the conceptual model. Consider the example 
outlined in Figure 4.  The event close() models the closing of a savings 
account and the removal of this object from the set of savings accounts. The 
account migrated from the set of savings accounts to another not represented 
set of objects.  
 
 
 

Person SavingsAccount
close()

0..*1 1 0..*

open()   
context SavingsAccount :: close() 
post: not oclIsTypeOf(SavingsAccount) 
 
context SavingsAccount :: open() 
post: oclIsTypeOf(SavingsAccount) 
 

Figure 4 Constructors and  destructors 
 
A constructor represents the insertion of an object in a set and makes 
abstraction of the class from which the given object is migrated. The class 
from which the given object is migrated is considered to be irrelevant and is 
therefore not represented in the conceptual model. Reconsider the example 
outlined in Figure 4.  The event open() models the opening of a savings 
account and the insertion of an object in the set of savings accounts. The 
account migrated to the set of savings accounts. The class from which the 
savings account is migrated is abstracted. Notice that constructors are 
applied on objects that are not represented in the conceptual model. Further 
investigation is needed about the application of constructors. 
 
 
1.2.4 Compound Events and Non-Compound Events 
 
Another classification can be made in terms of compound events and non-
compound events. A compound event has at least one other event in its 
postcondition. A non-compound event has no events in its postcondition. 
The effect of a non-compound event is specified in terms of queries. 
Consider the example outlined in Figure 5.  The events withdraw() and 
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deposit() are examples of non-compound events, while the event 
transfer() is an example of a compound event. 
 
 

Account 
balance : Euro 
withdraw() 
deposit() 
transfer() 

 
context Account :: withdraw(amount : Euro) 
post: balance() = balance()@pre - amount 
 
context Account :: deposit(amount: Euro) 
post: balance() = balance()@pre + amount 
 
context Account :: transfer(account: Account, amount: Euro) 
post: withdraw(amount) -- balance() = balance()@pre - amount 
  account.deposit(amount) --account. balance() =account. balance()@pre - amount 
 

Figure 5 Compound and non-compound events 
 
The OCL forbids compound events [OMG01, p.6-2 and p.6-11]. It is argued 
that the OCL is not a programming language; therefore, it is not possible to 
write program logic or flow control. It is impossible to invoke processes or 
to activate non-query operations. From our point of view, this is not a valid 
reason to forbid the reuse of events in order to specify compound events. 
Obviously, the OCL is a specification language and not a programming 
language but the postcondition of a compound event must be read as an 
assertion and does not indicate any flow control or program logic. Moreover, 
as illustrated in the comment of the event transfer(), a compound event 
can always be reformulated in terms of queries.  
 
The reuse of an event allows the analyst to succinctly specify a compound 
event, and allows specifying the semantics of an event in terms of a series of 
other events. Compound events promote reusability and adaptability. 
Reusability increases, because events can be reused and the specification of 
existing postconditions must not be repeated. Adaptability increases, because 
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if the effect of an event changes, e.g. withdraw(), only one postcondition 
must be changed.  
 
An event applied to a collection of objects implies that this event is applied 
on each element of this collection. An event applied to an empty collection 
does not change the state of the model. Consider the example outlined in 
Figure 6.  The event withdraw() in the class Person decreases the balance 
of all accounts of the person to which the event applies.  
 
 

Person

withdraw() 

Account
balance : Euro

withdraw()

0..*1 0..*1 

 
context Account::withdraw(amount) 
post: balance() = balance()@pre – amount 
 
context Person :: withdraw(amount) 
post: account().withdraw(amount) 
  --account()→forAll(account|account.withdraw()) 
 

Figure 6 An event applied on a collection 
 
Due to the declarative reading of the specification, some problems can occur 
if events are reused to specify a compound event. Consider the event 
doubleWithdraw() in the example outlined in Figure 7. Although the 
semantics of this event is that two withdrawals occur, this cannot be 
modelled as such. If the event withdraw() is reused several times in the 
event doubleWithdraw(), then the assertions in this last event contradict 
each other. A possible solution is indicated in the specification language Z 
[Dill90, p.67]. This specification language introduces therefore the 
semicolon operator, offering the ability to introduce intermediate states in 
specifications of events. 
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Account 

balance : Euro 
withdraw() 
doubleWithdraw() 

 
context Account :: withdraw() 
post: balance() = balance()@pre – amount 
 
context Account :: doubleWithdraw(amount1: Euro, amount2: Euro) 
post: balance() = balance()@pre – amount1 – amount2 
  -- withdraw(amount1) 
  -- withdraw(amount2) 
 

Figure 7 Problems with the reuse of events 
 
 
1.2.5 Conclusion 
 
Prototypes of dynamic properties are modelled by events. The effect of an 
event is described in a declarative way with the help of a postcondition. As 
characteristics, events are structured around the involved classes. Mutators, 
and migrants are different kind of events. Constructors and destructors are 
considered to be abstracted migrants. The presence of migrants assumes that 
dynamic classification is supported. Furthermore, and in contrast with the 
OCL, it is possible to define compound events in terms of other compound 
and non-compound events.  
 
 
2. The Frame Problem during Analysis 
 
2.1 Problem Description 
 
A dynamic property is a real-world fact and a change in the state of the real 
world, but a dynamic property leaves also most real-world facts unchanged. 
How can these unchanged real-world facts be modelled at the level of 
analysis? Consider the example outlined in Figure 9. A withdrawal decreases 
the balance of an account but does not change the individual cost of an 
account, nor does it open a new account or close an existing account. In 
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other words, a withdrawal decreases the balance of the account to which it is 
applied and nothing else in the state of the model is changed. How can this 
“nothing else changed” be specified? 
 
 

Account 
balance : Euro 
cost : Euro 
withdraw() 

 
context Account :: withdraw(amount : Euro) 
post: balance() = balance()@pre – amount 
 

Figure 8 The frame problem 
 
In knowledge engineering, extra assertions stating that nothing else changes 
are called the frame axioms [Brac01, p.260]. The problem of stating 
succinctly (and reasoning with) a large number of frame axioms is called the 
frame problem. Obviously, the analyst must be able to state these extra 
assertions in one way or another in order to represent the real world.  
 
 
2.2 Anti-Patterns 
 
A possible approach is to specify explicitly the frame axioms. Consider the 
specification of the event withdraw() in Figure 9. Not only the effect of the 
event is explicitly specified, but also the frame axioms for the event. 
 
 

Account 
balance : Euro 
cost : Euro 
withdraw() 

 
context Account :: withdraw(amount : Euro) 
post: -- effect 
  balance() = balance()@pre – amount 
  -- frame axioms 
 Account.AllInstances→ exluding(self)→forAll(balance() = balance()@pre) 
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 Account.AllInstances→ forAll(cost() = cost()@pre) 
  Account.AllInstances = Account.AllInstances@pre 
 

Figure 9 Explicitly specifying the frame axioms 
  
Requiring the analyst to specify the frame axioms explicitly makes analysis a 
lengthier and more error-prone process [Borg95, p.789]. Furthermore, 
explicitly specifying the frame axioms do not support extendibility because 
adding a new characteristic, association or class leads to specifying an 
additional frame axiom in each event. 
 
 
2.3 Patterns 
 
2.3.1 The Inertia Principle 
 
The principle of inertia reflects the tendency of matter to remain at rest 
except if some force is acted upon this matter.  In analysis, we reformulate 
this principle as: all static properties remain unmodified unless otherwise 
specified. During analysis, the frame problem is resolved by adopting the 
inertia principle. Consequently, the postconditions of the events will only 
specify possible differences between the new state and the old state of the 
involved objects. All aspects of the old state that are left untouched are not 
explicitly enumerated. The assertions are implicitly added to the 
specification of the event. 
 
The adoption of the principle of inertia is illustrated in the example of Figure 
10. A withdrawal decreases the balance of account with a given amount. 
This is explicitly specified in the postcondition. In other words, the effect of 
an event is explicitly specified in the postcondition. A withdrawal does not 
change the cost of an account. This is implicitly specified by the adoption of 
the inertia principle. In other words, the frame axioms are implicitly 
specified.  
 
In the explicated specification of the event, the implicit assertions are made 
explicit. An explicated postcondition (epost) is used to represent the implicit 
and explicit assertions.  
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Account 

balance : Euro 
cost : Euro 
withdraw() 

 
context Account inv: cost() <= 30 Euro 
 
context Account :: withdraw(amount : Euro) 
post: balance() = balance()@pre – amount 
 
Explicated specification of the event: 
context Account :: withdraw(amount : Euro) 
epost: -- effect 
  self.balance() = self.balance()@pre – amount and 
  -- frame axioms 
  Account.AllInstances→ exluding(self)→forAll(balance() = balance()@pre) and
 Account.AllInstances→ forAll(cost() = cost()@pre) and 
  Account.AllInstances=Account.AllInstances@pre 
 

Figure 10 The inertia principle and the explicated specification of an event 
 
Notice that the adoption of the inertia principle does not support the 
principle of abstraction. An analyst is not capable to specify an event with 
relevant and irrelevant effects. For example, a relevant effect of the event 
withdraw() is the decrease of the balance. Other possible effects of this 
event, e.g. an increase of the cost, are irrelevant. The adoption of the inertia 
principle excludes the possibility of irrelevant effects of an event. As stated 
in [Borg95, p.804], in some circumstances, the analyst may want the 
freedom not to use the frame axioms. We are not convinced that there exist 
such circumstances during the analysis phase of the software development 
life cycle. 
 
 
2.3.2 The Frame Problem during Design and Implementation 
 
A difficulty with the adoption of the inertia principle is finding an effective 
and general algorithm for computing the frame axioms [Borg92, p.16]. 
During design and implementation, the formal specifications are not only 
used to precisely specify behaviour of a procedure but also to prove 
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properties about specifications. Typical kinds of proofs are proofs that an 
implementation of a procedure meets its specification, and proofs that a 
procedure maintains the invariants. For both kinds of proofs the frame 
axioms are needed (and must be computed or explicitly specified). 
 
Reconsider the example outlined in Figure 10. If the frame axioms are 
absent, an implementation of the procedure withdraw() can change the cost 
of an account without violating its postcondition. Furthermore, it cannot be 
proved that this procedure maintains the invariant cost() <= 30 Euro if 
there is no frame axiom that guarantees that this procedure does not change 
the cost of an account. 
 
Obviously, the first kind of proof is not at stake during analysis. Also the 
second kind of proof will not be at stake during analysis. As it will be 
discussed in the chapter about restrictions, an event will be rejected in case it 
would violate a business rule. In case of rejection of an event, the state of the 
model remains unchanged. Consequently, in analysis, the problem of finding 
an effective and general algorithm to compute the frame axioms is of minor 
importance.  
 
More generally, during object-oriented analysis the focus lays not on proving 
properties but on representing real world facts. In analysis, the adequacy of 
formal specification language is much more determined by its notational 
suitability than by its capacity to support formal treatment. Notational 
suitability is defined as the degree to which a specification language makes it 
possible for the analyst to express assertions in a precise yet simple, concise, 
understandable, adaptable and extendible way. The capacity to support 
formal treatment is defined as the extent to which a specification language 
provides a foundation for formally proving properties [Borg95, p.786]. 
Notice, that in contrast with analysis, knowledge engineering focuses on 
reasoning and proving. In knowledge engineering, this focus can lead to 
performance problems due to extensive computation (for instance, with 
frame axioms [Miss98, p.28]). In analysis, computation is not the first 
concern. 
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3. Refinement of the Inertia Principle 
 
3.1 Problem Description 
 
During object-oriented analysis, events can be specialized. Problems could 
arise if the inertia principle is strictly applied at the level of generalization. 
In this case, no additional modifications can be specified at the level of 
specialization. An analogous problem occurs in case events are compound. 
 
 
3.2 Patterns 
 
3.2.1 Specialization of Events 
 
Consider the example outlined in Figure 11. The event changeAllCosts()
changes the cost of an account at the level of generalization. If the inertia 
principle is strictly applied, this event specifies further that nothing else 
change. This cannot be contradicted at the level of specialization. 
Consequently, at the level of specialization this event cannot modify other 
static properties. In EROOS [Stee00, p.149], the inertia principle is strictly 
applied at the level of generalization: strengthening the specification of an 
event may not be interpreted as an additional effect, but is defined as a more 
accurate description of the effect. Consequently, an event can only be 
specialized if some non-determinism is involved in the specification of the 
event at the level of generalization. 
 
 

Account 
balance : Euro 
cost : Euro 
changeAllCosts() 

Special Account
specialCost : Euro

 
context Account :: changeAllCosts(percentage: Real) 
post: cost() = (1+percentage) * cost()@pre 
 
context SpecialAccount :: changeAllCosts(percentage: Real) 
post: specialCost() = (1+percentage) * specialCost()@pre 
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Explicated specification of the event:  
context SpecialAccount :: changeAllCosts(percentage: Real) 
epost: -- effect 
  self.cost() = (1+percentage) * self.cost()@pre and 
  self.specialCost() = (1+percentage) * self.specialCost()@pre and 
  -- frame axioms 
 Account.AllInstances→ exluding(self)→forAll(cost() = cost()@pre) and 
  SpecialAccount.AllInstances→exluding(self)→forAll( 
  specialCost() =  specialCost()@pre) and 
 Account.AllInstances→ forAll(balance() = balance()@pre)  and 
  Account.AllInstances=Account.AllInstances@pre 
 

Figure 11 Specialized events and the inertia principle 
 
We are not in favour of the strict application of the inertia principle at the 
level of generalization, which prevents additional modifications at the level 
of specialization. Therefore, the inertia principle is only applied after 
inheritance. Consequently, the frame axioms are not inherited as such but are 
added to the explicit assertions after inheritance. Obviously, the effect of an 
event is inherited. Reconsider the example in Figure 11. The event 
changeAllCosts() at the level of specialization inherits the effect of this 
event specified at the level of generalization. After inheritance, the principle 
of inertia is applied. Notice that the event changeAllCosts() still 
guarantees an unchanged balance for each account. 
 
 
3.2.2 Compound Events  
 
Consider the example outlined in Figure 12. The event withdraw() only 
modifies the balance of the account to which it is applied. The conjunction 
of the frame axioms of this event with the other assertions of the event 
transfer() leads to contradicting assertions in the specification of the 
event transfer(). A same solution as for inheritance is applied; namely, 
the application of the inertia principle after the composition of events. In the 
same way, frame axioms are not inherited and are also not conjoined in case 
of compound events.  
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Account 
balance : Euro 
withdraw() 
deposit() 
transfer() 

 
context Account :: withdraw(amount : Euro) 
post: balance() = balance()@pre - amount 
 
context Account :: deposit(amount: Euro) 
post: balance() = balance()@pre + amount 
 
context Account :: transfer(account: Account, amount: Euro) 
post: withdraw(amount) 
  account.deposit(amount) 
 
Explicated specification 
context Account :: transfer(account: Account, amount: Euro) 
epost: -- effect 
  self.balance() = self.balance()@pre - amount and 
  account.balance() = account.balance()@pre + amount and 
 -- frame axioms 
  Account.AllInstances→ exludingAll({self,account})→forAll(balance() =   
  balance()@pre) and Account.AllInstances=Account.AllInstances@pre 
 

Figure 12 Compound events and the inertia principle 
 
 
3.2.3 Conclusion 
 
The application of the principle of inertia is refined: the principle is applied 
after inheritance and after the composition of events in order to allow 
additional modifications at the level of specialization and in order to avoid 
inconsistency in composed events.  
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4. Relaxation of the Inertia Principle 
 
4.1 Problem Description 
 
The adoption of the inertia principle during analysis, which expresses that 
static properties remain untouched unless otherwise specified, poses 
problems in case of dependencies between static properties. When the inertia 
principle is strictly adopted, an event that changes a static property must 
sometimes change other static properties in the dependency as well.  
 
 
4.2 Anti-Patterns 
 
A possible approach is to specify explicitly the possible change of the 
derived static property. Consider the example outlined in Figure 13.  An 
account has a balance, a limit and can be positive or not. Two dependencies 
between these static properties exist; they are represented by invariants. 
Consider the specification of the event withdraw() in this model. The 
intention of this event is to decrease the balance of an account. Aside the 
specification of the decrease of the balance, the possible change of the static 
property “isPositive” is also specified. 
 
 

Account 
balance : Euro 
limit : Euro
isPositive : Boolean 
withdraw() 

 
context  Account inv: balance() >= limit() 
context  Account inv: isPositive() = (balance() >= 0 Euro) 
 
context  Account :: withdraw(amount : Euro) 
post: balance() = balance()@pre - amount 
  isPositive() = (balance()  >= 0 Euro) 
 
Explicated specification of the event: 
epost: -- effect 
  self.balance() = self.balance()@pre – amount and 
  self.isPositive() = (self.balance()  >= 0 Euro) and 
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 -- frame axioms 
  Account.AllInstances→ exluding(self)→forAll(balance() = balance()@pre) and 
  Account.AllInstances→ exluding(self)→forAll(isPositive() = isPositive()@pre) 
  and Account.AllInstances→ forAll(limit() = limit()@pre) and 
  Account.AllInstances=Account.AllInstances@pre 
 

Figure 13 No relaxation of the inertia principle 
 
If the inertia principle is not relaxed, one must also specify a possible 
modification of the static property “isPositive”. Generally, this means a lot 
of extra work for the analyst and the risk to forget some modifications. 
However, if such modifications are not taken into account, then the 
specification of the event can contradict the specification of the invariant. 
 
Extendibility is also not well supported in such cases. When a characteristic 
isNegative is added to the model, the existing specification of the event 
withdraw() must be adapted. Furthermore, the analyst has the impression 
that he is obliged to specify two times the same fact: the assertion 
concerning changes to the property “isPositive” in the event withdraw() is 
already represented in the invariant for that property. 
 
 
4.3 Patterns 
 
4.3.1 Relaxed Inertia Principle 
 
One could argue that it is not needed to specify the extra modification 
because invariants must always be satisfied. Consequently, invariants must 
be satisfied after the occurrence of an event and they can be implicitly added 
to the postcondition. This is correct and the implicit addition of the 
invariants can help to avoid extra specifications. Consider the approach in 
Figure 13 where the invariants are implicitly added to the postconditions. It 
is no longer necessary to specify the possible change of the static property 
“isPositive”; however, other problems with the adoption of the inertia 
principle occur. These problems will be discussed in the next paragraphs. 
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A c c o u n t

b a la n c e ( )  :  E u r o
l im i t ( )  :  E u r o
i s P o s i t i v e ( )  :  B o o l e a n

w i t h d r a w ( )
 

context  Account inv: balance() >= limit() 
context  Account inv: isPositive() = (balance() >= 0 Euro) 
 
context Account :: withdraw(amount : Euro) 
post: balance() = balance()@pre - amount 
   
Explicated specification of the event: 
epost: -- effect 
  self.balance() = self.balance()@pre – amount and 
 -- invariants 
 Account.AllInstances→ forAll(balance() >= limit()) and 
  Account.AllInstances→ forAll(isPositive() = balance() >= 0 Euro) and  
 -- frame axioms 
  Account.AllInstances→ exluding(self)→forAll(balance() = balance()@pre) and 
  Account.AllInstances→ exluding(self)→forAll(isPositive() = isPositive()@pre) 
  and Account.AllInstances→ forAll(limit() = limit()@pre) and 
  Account.AllInstances=Account.AllInstances@pre 
 

Figure 14 The frame axiom and dependencies  
 
What is the consequence of implicitly adding the invariants to the 
postcondition for the inertia principle? The formulation of the inertia 
principle becomes ambiguous. What is the meaning of “unless otherwise 
specified”? Does this mean “unless explicitly otherwise specified”, without 
taking into account the implicitly added invariants, or “unless implicitly and 
explicitly otherwise specified”. In the latter case, the implicitly added 
invariants are taken into account. Are other interpretations more adequate? 
Below, four different interpretations are discussed: 
 
•  If the inertia principle is strictly interpreted, meaning that all static 

properties are left untouched unless explicitly specified, the implicitly 
added invariants and the frame axioms can contradict each other. For 
instance, after a withdrawal the invariant isPositive() =
(balance() >= 0 Euro) can contradict the frame axiom 
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isPositive() = isPositive()@pre. This interpretation is too 
strict.  

 
•  If the adoption of the inertia principle means that all static properties 

are left untouched unless implicitly or explicitly specified otherwise, it 
is not guaranteed that the balance or the limit of an arbitrary account is 
left untouched. For example, the balance or limit of an arbitrary 
account can be changed. This interpretation is too relaxed.  

 
•  The inertia principle could assume that when a static property, which 

is (directly or indirectly) present in a dependency, is explicitly 
modified, other static properties of these dependencies can change as 
well. With this assumption, it is not guaranteed that the limit of the 
account, which changes its balance, is left untouched. Consequently, 
the disadvantage of this interpretation is that the unchanged limit of 
the account must be specified explicitly. The interpretation is still too 
relaxed. 

 
•  The adequate relaxation of the inertia principle assumes that if a static 

property, which is (directly or indirectly) present in a dependency, is 
explicitly modified, then other derived static properties in these 
dependencies can also change. A derived static property is defined as 
a static property that can be computed in terms of the other static 
properties in the dependency. Reconsider the frame axioms in the 
second approach of Figure 13. Every static property is left untouched 
except the balance of the involved account because this modification 
is explicitly modelled, and except for the static property “isPositive” 
of the involved account because this property can be computed in 
terms of the balance of the involved account. The limit of the involved 
account cannot be changed because the limit of an account cannot be 
computed in terms of the balance of that account. 

 
Notice that the effect of the postcondition balance = balance()@pre –
amount can contradict the invariant balance() >= limit(). This problem 
is discussed in the chapter about restrictions. 
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A model element is derived if its query is present in a dependency and if its 
query can be computed for all possible objects in terms of all the other 
queries that are present in the dependency. A static property is derived if its 
model element is derived. Consider the example in Figure 15. The 
characteristic cardExpiryDate is derived because its query can be 
computed in terms of the other queries bankcard() and expiryDate(). In 
other words, if one knows the bankcard of an account and the expiry date of 
this bankcard, the card expiry date of the account can be calculated. The 
association between the class Account and the class BankCard is not 
derived. The query bankcard() cannot be calculated in terms of the queries 
expiryDate() and cardExpiryDate(). In other words, if one knows the 
expiry date of the bankcards and the card expiry date of accounts, the links 
between accounts and bankcards cannot be computed. Analogously, the 
characteristic expiryDate is derived because its query can be computed in 
terms of the query cardExpiryDate() and bankcard(). 
 
 

Account
cardExpiryD ate : D ate [0..1]

BankC ard
expiryD ate : D ate

0..11 0..11

 
context Account inv: cardExpiryDate() = bankCard().expiryDate() 
 

Figure 15 Derived model elements 
 
 
4.3.2 Consequences 
 
A first consequence is that, normally, derived static properties cannot be 
used to model non-deterministic events. Consider the example outlined in 
Figure 16.  The event makePositive() is specified in terms of the balance 
of an account. If this event would be specified in terms of the query 
isPositive(), then the balance of the account would not be modified and 
the invariant would be contradicted. An advantage of this consequence is 
that the non-deterministic aspects in the specification of an event are more 
perceptible.  Without the invariant, it is not clear that an event with a 
postcondition isPositive() = True is non-deterministic. A disadvantage 
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is that the specification of the postcondition cannot be made more succinct 
with the help of a derived static property. 
 
 

Account 
balance : Euro 
isPositive : Boolean 
makePositive() 

 
context Account inv: isPositive() = (balance() >= 0 Euro) 
 
context Account :: makePositive() 
post: balance() >= 0 Euro  --  instead of isPositive() = True or simply isPositive() 
 

Figure 16 Derived model elements and non-derministic events 
 
If a conceptual model is extended, a static property can become a derived 
one. As a second consequence, such a static property that becomes derived 
can no longer be used in the specification of an event. The initial 
specification of the event would violate an invariant, as explained in the 
previous paragraph. From our point of view, this is not a disadvantage. If a 
model is further detailed, it is quite logic that some events must be further 
detailed. In our approach, the analyst is forced to reconsider and to refine the 
semantics of the event. 
 
Consider a small example in Figure 17. Assume an initial model with a 
characteristic isPositive and an event makeSolvent(). To make an 
account solvent, it must be made positive. Assume further that later on, the 
class Account is extended with a characteristic balance and the well-known 
dependency isPositive() = (balance() >= 0 Euro). The specification 
of the event makeSolvent() is no longer valid. The analyst is now forced to 
further investigate this event. At that time, the analyst may find out that in 
order to make an account solvent, its balance must be set to 25 Euro. 
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Initial Model 

A c c o u n t
is P o s it iv e ( )  :  B o o le a n

m a k e S o lv e n t ( )
 

context  Account :: makeSolvent() 
post: isPositive()  
 
Extended Model 

A c c o u n t
b a la n c e ( )  :  E u r o
i s P o s i t iv e ( )  :  B o o le a n

m a k e S o lv e n t ( )
 

context  Account inv: isPositive() = (balance() >= 0 Euro) 
 
context  Account :: makeSolvent() 
post: balance() = 25 Euro -- isPositive() 
 

Figure 17 Derived static properties and extendibility 
 
 
4.3.3 Dependencies with several derived Static Properties 
 
The relaxation of the inertia principle states that all static properties remain 
untouched, except for static properties that are explicitly changed and except 
for derived static properties that are involved in a dependency in which the 
static property, which is explicitly changed, is also involved. Does this 
reformulation of the inertia principle poses problems in case events must be 
specified in which a static property is changed from which several derived 
static properties depend?  
 
If several derived static properties are involved in a dependency, then all of 
them may change if one of the static properties involved in this dependency 
is explicitly modified. This can lead to non-deterministic events or to an 
explicit specification that such a derived static property is left untouched. 
 
Consider the example outlined in Figure 18. The event changeStart() is 
non-deterministic because the end and the duration of a meeting are both 
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derived static properties and the inertia principle does not apply to these 
properties. In the postcondition of the event changeStartKeepingEnd() it 
is explicitly specified that the end of the meeting is left untouched. The 
duration of the meeting is then implicitly adapted in such a way that the 
invariant still holds immediately after the event has occurred. Notice that for 
the event changeStartEnd() it is not necessary to specify the change of the 
duration of the meeting.  
 
 

Meeting 
start : Time 
end : Time 
duration : Duration 
changeStart() 
changeStartKeepingEnd() 
changeStartAndEnd() 

 
context  Meeting inv: end() = start() + duration() 
  
context  Meeting::changeStart(start: Time) -- non-deterministic event 
post:  start() = start 
 
context  Meeting::changeStartKeepingEnd(start: Time)  -- deterministic event 
post:  start() = start 
 end() = end()@pre 
 
context  Meeting::changeStartAndEnd(start: Time, end: Time) -- deterministic event 
post: start() = start 
  end() = end 
 

Figure 18 More than one derived static property in a dependency 
 
 
4.3.4 Conclusion 
 
The inertia principle helps the analyst to specify events in a succinct and 
easy way. The relaxation of the inertia principle and the implicit addition of 
the invariants to the postcondition of an event keep the invariants satisfied 
without the obligation of the analyst to explicitly specify changes to derived 
characteristics. The inertia principle is only applied after specialization and 
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after composition of events. This makes it possible to specify compound 
events and to specialize events with additional effects. 
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Chapter 4  
 
Patterns for Modelling Properties 
 
 
Characteristics model sets of static properties while prototypes of dynamic 
properties are modelled by events. In this chapter, some patterns valid for 
both kinds of properties will be introduced. Characteristics as well as events 
are considered to be features. Consequently, features are model elements 
and the unifying construct to model properties in general.  
 
In section 1, the representation of properties where more than one object is 
involved is discussed. In section 2, the possible use of features in which no 
objects or only artificial objects are involved is presented.  
 
 
1 Features involving more than one Object 
 
1.1 Problem Description 
 
Several objects and data values can be involved in a property. Consider the 
example in Figure 1. The static property “totalBalance” indicates a possible 
link between the total balance of a person at a certain bank. How can this 
kind of properties be modelled?  
 

Bank 

+500 
  kbc 

Euro Person 

ann 

totalBalance 
 

 

Figure 1 Properties with more than one object involved 
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In each of the following subsections, possible modelling alternatives are 
discussed. It has already been stated that features modelling properties in 
which objects are involved, are attached to classes instead of to data types. 
Notice that an association models a set of links between objects and that the 
association is attached to all involved classes. 
 
 
1.2 Anti-Patterns 
 
1.2.1 Attaching the Features to only one involved Class 
 
Attaching features to classes works well as long as one object is involved.  
Problems arise when more than one object is involved. When this is the case, 
the question rises to which class the feature will be attached. As an example 
consider Figure 2, in which the characteristic totalBalance is defined 
modelling the total balance of a certain person at a certain bank, and the 
event totalDeposit(), for depositing some amount of money on all the 
accounts owned by a certain person at a certain bank. In the first alternative, 
these features are attached to the class Bank while in the second alternative 
they are attached to the class Person.  
 
Notice that the OCL was designed first of all for expressing constraints, and 
not that much for specifying queries. In [Akeh01], some extensions for the 
OCL are proposed in order to be useful as a query language and to reach the 
expressive power of relational algebra. Examples of added constructs are 
tuples, project operations and product operations. The next version of OCL, 
version 2.0, should take into account these extensions [Warm03]. The notion 
of a tuple is used in the specification of the invariants. 
 
 
Alternative one 

Person 
Account

balance : Euro

deposit()

0..* 1 Bank
totalBalance : Person, Euro [0..*]

totalDeposit(person : Person, amount : Euro) 

10..*1 0..* 10..*

 
context Account :: deposit(amount: Euro) 
post: balance() = balance()@pre + amount 
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context Bank :: totalDeposit(person: Person, amount: Euro) 
post: account()→select(person() = person).deposit(amount) 
   -- person.account()→select(bank() = self).deposit(amount) 
 
context Bank inv: totalBalance() = 
  account().person()→asSet→collect(p| Tuple { 
   p: Person, 
   p.account().intersection(self.account()).balance()→sum() : Euro}) 
        
Alternative two 
 Person 

totalBalance : Bank, Euro [0..*]

totalDeposit(bank : Bank, amount : Euro)

Account
balance : Euro

deposit()

0..*1 Bank 10..*1

 
context Account :: deposit(amount: Euro) 
post: balance() = balance()@pre + amount 
 
context Person :: totalDeposit(bank: Bank, amount: Euro) 
post: account()→select(bank() = bank).deposit(amount) 
  -- bank.account()→select(person() = self).deposit(amount) 
 
context  Person inv: totalBalance() =  
  account().bank()→asSet→collect(b| Tuple { 
   b: Bank, 
   b.account().intersection(self.account()).balance()→sum() : Euro } 
 

Figure 2 Features attached to one involved class 
 
Which alternative an analyst should choose? Evaluating the specification of 
the invariants or the specification of the postcondition of the events in the 
modelled alternatives will not help. These specifications are each other's 
mirror image. 
 
One could argue that if the user of the future system is a bank, then the 
feature could be attached to the class Bank. If the user were a person, the 
feature would then be attached to the class Person. Attaching features to the 
class that models the user of the system has at least two disadvantages: 
 
•  Firstly, we want to make abstraction of possible users of the system. In a 

conceptual model, real-world observations are modelled, not the users of 
the future system. It is not important if the user will be a bank, an 
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individual, the fiscal authority, … or a combination of such users. It is 
possible that both the bank and an individual person will use the system 
later on. By making abstraction of the users of the system, it is not 
necessary to change the conceptual model if the users of the system 
change.  

 
•  Furthermore, this rule would lead to an attachment of all features 

representing functional requirements, to the class “User”. This would 
lead to an unbalanced distribution of properties in the conceptual model. 
Notice, that in the above conceptual model the user of the system is not 
necessarily represented. 

 
Consider the specification of the event totalDeposit() in both 
alternatives. A choice about the class of the event suggests a certain design 
decision and may therefore not be taken during object-oriented analysis. 
Furthermore, different alternatives for the specification of the event exist 
even if a class is chosen. The alternatives are given in comment. The object 
where the specification starts can be the implicit object self or the object 
that is given as explicit argument. 
 
Consider the characteristic totalBalance in both alternatives. These 
characteristic models a set of links between persons, banks and data values 
of type Euro. On top of this representation of real-world facts, functional 
requirements can be built. As an example, given a certain bank and a certain 
person return the total balance of all the accounts of that person at that bank. 
As another example, given a certain bank and a certain amount of money, 
return the set of persons whose total balance at that bank is not below the 
given amount. In the early stages of conceptual modelling, one must not only 
make abstraction of the future users of the system, but also of the functional 
requirements. In a conceptual model, real-world facts must be modelled at 
the first place and not functional requirements for the ultimate system. The 
modelling of functional requirements is further discussed in a separate 
chapter. If the characteristic is attached to the class Person, an implicit 
query totalBalance(): Bank,Euro [0.*] is given that can be applied on 
a certain person. If the characteristic is attached to the class Bank, a query 
totalBalance(): Person,Euro [0.*] is given that can be applied on a 
certain bank. An analyst could tend to attach the characteristic to a class in 
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function of the demanded functional requirements. This tendency should be 
avoided. 
 
In the example, two alternatives are possible modelling the same external 
world. This violates the principle of no-choice. In order to guide the analyst, 
we strive at only one model for the same reality.  The decision, to which 
class a feature belongs involving several objects, adds no semantics to the 
conceptual model and would be an arbitrary one.  As for associations, we do 
not want to distinguish between classes (or objects) involved in a feature. 
 
 
1.2.2 Using unique Data Values 
 
One could argue that the choice between classes should not be made if a 
unique data value is used instead of an object. Consider the example outlined 
in Figure 3 where the features totalDeposit() and totalBalance are 
attached to the class Person and where it is assumed that each bank has a 
unique name. The name of the banks serves to identify a bank.  
 
  
 Person 
 totalBalance : String, Euro [0..*] 
 totalDeposit(bankName : String, amount : Euro)

Account

 name: String [1,0..1] 
deposit()

0..*1 Bank 10..* balance : Euro

 
 
context Account :: deposit(amount: Euro) 
post: balance() = balance()@pre + amount 
 
context Person :: totalDeposit(bankName: String, amount: Euro) 
post: account()→select(bank().name() = bankName).deposit(amount) 
 
context  Person inv: totalBalance() =  
  account().bank()→asSet→collect(b| Tuple { 
   b.name(): String, 
   b.account().intersection(self.account()).balance()→sum() : Euro } 
 

Figure 3 A feature with a unique data value 
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This approach has several disadvantages: 
 
•  Firstly, the principle of abstraction is violated: the analyst is forced to 

search for a unique data value for a bank. 
 
•  Secondly, the choice between classes must still be made. As an example, 

it is also possible to search for a unique data value to distinguish between 
persons and to attach the feature totalDeposit(uniqueDataValue-
ForPerson:DataType,amount:Euro) to the class Bank. 

 
•  Another disadvantage is that the characteristic totalBalance does not 

represent ternary links between persons, banks and data values of type 
Euro but ternary links between persons and data values of type Euro and 
String. 

 
•  Another objection is that in object-orientation one prefers to work with 

objects and not with unique data values.  
 

 
1.2.3 Features attached to a non-involved Class 
 
One could argue that it is always possible to find a class to which features 
such as totalBalance and totalDeposit can be attached so that an 
arbitrary choice between involved classes or the use of unique data values 
can be avoided. This is correct. Consider as examples the models in Figure 
4, Figure 5 and Figure 6. 
 
A class Debt is added to the conceptual model of Figure 4. The class 
represents the set of debts. A person can have a debt at a bank. This model 
violates the principle of abstraction. An analyst is forced to further 
investigate the real world in order to find a possible class to attach the 
features. Another important objection is that the features are attached to a 
non-involved class. As a consequence, the characteristic totalBalance 
represents a set of links between debts and data values of type Euro instead 
of a set ternary links between persons, banks and data values of type Euro. It 
is more than likely that a certain person has accounts at a certain bank but 
that this person has no debts (at this bank). In such case, the features 
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totalDeposit() and totalBalance do not exist for the given person and 
bank. Obviously, this is unwanted.  
 
 

Account
balance : Euro

deposit()

Bank 0..*1 0..*1 

Debt
totalBalance: Euro [0..1]

totalDeposit()

1 

0..*

Person 10..* 10..*

1

0..*

11 

0..*0..*

 
context Account :: deposit(amount: Euro) 
post: balance() = balance()@pre + amount 
 
context Debt :: totalDeposit(amount: Euro) 
post: bank().account()→intersection(person().account()).deposit(amount) 
  -- person().account()→intersection(bank().account()).deposit(amount) 
    
context Debt inv: totalBalance() = 
  bank().account()→intersection(person().account()).balance()→sum() 
  -- person().account()→intersection(bank().account()).balance()→sum() 
    

Figure 4 Attaching the features to the class Debt 
 
An association class Clientship is added to the conceptual model of Figure 
5. The class represents the set of clientship links. A person can be a client at 
a certain bank. Furthermore, it is assumed that a person cannot have 
accounts at a bank without being a client at that bank. This model violates 
the principle of abstraction. An analyst is forced to further investigate the 
real world in order to find a possible class to attach the features. Another 
important objection is that the features are attached to a non-involved object. 
If the real-world changes and a person must not be a client before opening an 
account, the same problems as in the previous model occur. Furthermore, it 
will sometimes impossible to find such class Clientship. Consequently, 
such an alternative is not a general solution to the problem. 
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Bank Person 0..*0..* 

Account 
balance : Euro 
deposit()

ClientShip
 totalBalance:Euro [0..1] 

totalDeposit()

1 0..*1 0..*

0..* 0..*

 
context Account :: deposit(amount: Euro) 
post: balance() = balance()@pre + amount 
 
context Clientship :: totalDeposit(amount: Euro) 
post: account().deposit(amount) 
    
context Clientship inv: totalBalance() = account()→balance()→sum() 
 

Figure 5 Attaching the features to the class Clientship 
  
In the conceptual model of Figure 6, the association class 
AccountHoldership is introduced. An accountholdership link between a 
given bank and given person exists if the given person has at least one 
account at the given bank. The principle of abstraction is not violated, but we 
believe that the introduction of the class AccountHoldership is artificial. If 
a person opens an account there is “automatically” an accountholdership. 
This makes the specification of the opening of an account more complicated. 
When an account is opened an accountholdership must be created or must 
already exist. Should there be a different specification for opening the first 
account and for opening additional accounts? Another disadvantage is that 
the features are attached to a non-involved class. The characteristic 
totalBalance represents a set of links between accountholderships and data 
values of type Euro and not between persons, banks and data values of type 
Euro. The ternary links between persons, banks and data values of type Euro 
are not explicitly represented. No statements about the characteristic are 
made for persons that have no accounts at a certain bank. 
 



Chapter 4. Patterns for Modelling Properties 

 123

 
Person Bank 0..*0..* 

AccountHoldership
totalBalance : Euro

totalDeposit()

Account 
balance : Euro 
deposit()

1..*11

0..* 0..*

 
 
context Account :: deposit(amount: Euro) 
post: balance() = balance()@pre + amount 
 
context AccountHoldership :: totalDeposit(amount: Euro) 
post: account().deposit(amount) 
    
context  AccountHoldership inv: totalBalance() = account()→balance()→sum() 
 

Figure 6 Attaching the features to the class AccountHoldership 
 
Notice, that in the model of Figure 6 the ternary relationship underlying the 
static property “totalBalance” is in fact split up into two binary relationships: 
one between banks and persons, called accountholdership, and one between 
accountholdership and a data value of type Euro. 
 
 
1.3 Patterns 
 
1.3.1 N-ary Features 
 
In order to model properties in which several objects are involved, the 
construct of n-ary features is introduced. We call such features binary 
features if two objects are involved; ternary features if three objects are 
involved… The general name for a feature involving n objects is n-ary 
features.  N-ary features are attached to all n involved classes. Consider as an 
example the binary features totalDeposit() and totalBalance in Figure 
7. 
 
Aside the introduction of a new construct, the use of objects as explicit 
arguments in events is forbidden. Classes as type for a characteristic are also 
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forbidden. This prohibition guides the analyst in representing the real-world 
observations and avoids construct redundancy. 
 
 

Person 
Bank totalBalance:Euro [0..1] 
Bank totalDeposit() 

Account
balance : Euro

deposit()

0..*11 0..*
Bank

Person totalBalance : Euro [0..1] 
Person totalDeposit()

10..* 10..*

 
context Bank,Person :: totalDeposit(amount: Euro) 
post:  (selfBank.account()),(selfPerson.account()).intersection().deposit(amount) 
 
context  Bank,Person inv: totalBalance() = 
  (selfBank.account()),(selfPerson.account()).intersection().balance()→sum() 
 

Figure 7 N-ary features 
 
The introduction of n-ary features has some notational consequences: 
 
•  Graphically, n-ary features are modelled in all the classes involved. In 

order to emphasize this n-ary aspect, the name of the other classes 
involved in an n-ary message is written before the name of the feature. 

 
•  An n-ary feature can be applied on n objects. A comma separates the 

involved objects. Notice that the feature intersection can also be 
interpreted as a binary feature involving two sets. The application of the 
binary feature intersection is illustrated in the specification of the 
postcondition and the invariant. 

 
•  The implicit arguments are referenced by "self" followed by the name of 

the class. If more than one object of the same class is involved the 
implicit arguments are denoted self1Class, self2Class and so on. If no 
other classes are involved we could abbreviate to self1, self2 and so on. 

 
More important is that also the specification for the postcondition and the 
invariant is changed. Instead of one context class, we now have two or more 
context classes. Instead of starting with one object and navigating through 
the model, the postcondition and the invariant have now two starting objects. 
No choice between starting objects must be made. Moreover, no long 
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navigation from one object to another object is needed.  This way of 
specifying is more declarative and more neutral in the sense that it doesn't 
suggest an implementation strategy. In general, n-ary features allow making 
abstraction of classes or associations. Notice that also an invariant can have 
more than one context. 
 
A typical application of an n-ary feature is the linking of two or more 
objects. Consider the association among persons and cars in Figure 8. It is 
assumed that several persons can be the owner of the same car. How should 
the acquisition of a car by a person be reflected in terms of messages? Is a 
person buying a car? Or is a car bought by a person? Should there be a 
feature attached to a class Person, to a class Car or to both classes?  When 
using n-ary features the answer is obvious: the process of buying a car 
becomes a binary event involving both a person and a car.  
 
 

 

Person 

Car buy() 

Car

Person buy()

0..*0..* 0..*

 
context  Person,Car :: buy() 
post: selfPerson.car() = selfPerson.car()@pre.includes(selfCar)   
  -- selfCar.person() = selfPerson.car()@pre.includes(selfPerson) 
 

Figure 8 A typical application of n-ary features 
 
Notice that there are still problems in specifying the effect of the event 
buy(). As illustrated in Figure 8, several alternatives exist to specify the 
effect of the event. The possibility of alternative specifications is caused by 
the given implicit queries, and not by the binary feature itself. Moreover, 
these alternatives would still exist if the event had been only attached to the 
class Person or to the class Car. 
 
Notice that the association between the class Person and the class Car could 
be replaced by a binary characteristic ownership: Boolean attached to the 
classes Person and Car. Further evaluation about the use of both constructs 
is needed. 
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1.3.2 Further Research 
 
1.3.2.1 Ambiguity during Specialization / Generalization 
 
Some amount of ambiguity arises when n-ary features become involved in 
hierarchies of classes. Consider the class-diagram in Figure 9. Two binary 
events m() with different contexts are modelled. If the message m() is 
applied to the object a1 of class A1 and to the object b1 of the class B1, the 
selection between the two given binary messages is ambiguous. This kind of 
ambiguity is also described in [Schr91, p.303], where cooperation contracts, 
which can be more or less compared with n-ary features, are proposed for 
object-oriented database design. Cooperation contracts are said to offer 
advantages such as symmetricity, locality, extendibility and maintainability 
[Schr91, p. 296]. 
 
 

A1
B m ()

A2 B1
A m ()

B2

A
B1 m ()

B
A1 m ()

 
context A,B1 :: m() 
post: … 
 
context A1,B :: m() 
post: … 
 

Figure 9 Ambiguity during specialization / generalization 
 
Some possible solutions are briefly proposed. The simplest one is to forbid 
ambiguity. Another could be the obligation to introduce a binary event m() 
with contexts A1 and B1. A more complex one is to combine the 
specification of both events m() through logical conjunction. 
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1.3.2.2 Queries and the Message Paradigm 
 
Queries and events are applied on objects. In object-orientation, it is said that 
messages are send to objects. This principle is known as the message 
paradigm [Devo01, p.183]. The message paradigm is, apart from 
inheritance, one of the most specific constructs in object-orientation.  The 
receiving object(s) is the sole responsible for responding the message. The 
receiving object may appeal to other objects by sending them messages in 
turn. The receiving object is the implicit argument for the underlying 
message. 
 
In [Stee99, p.48] it is argued that the message paradigm simulates the way 
people interact with all kinds of things in their surroundings.  When 
changing the channel on a television, a message (signal) is sent by means of 
a remote control.  In responding, the television will sent proper messages to 
some of its components. This explains why the message paradigm is said to 
be a natural way of communicating. In [Jack95, p.137], Jackson questions 
the idea of sending messages to objects for analysis purposes. He argues that 
it makes no sense to send messages to real-world objects as bottles, trees and 
pay checks. We do not adopt the semantics of sending and receiving 
messages to and from real-world objects during analysis. In other and more 
complex words, anthropomorphism [Brow02, p.137], or the process of 
giving human qualities and abilities to nonhuman objects is not supported. 
 
Reconsider the characteristic totalBalance in Figure 7. This characteristic 
represents a set of links between persons, banks and data values of type 
Euro. On top of this representation different information requirements can be 
needed. Until now, only an implicit query totalBalance() is given. This 
query can be applied on a given bank and a given person. It returns a data 
value of type Euro. Other kinds of information requirements could be 
equally important. Perhaps a more neutral kind of queries should be 
introduced. For an n-ary characteristic with m data types, an implicit query 
(class1,…, ClassN) characteristicName(DataType1,…,DataTypeM)
could be implicitly given. The desired output of the query is denoted with a 
question mark. The input of the query can be objects and data values. 
Consider the conceptual model in Figure 10. The query 
(myAccount)limit(?) returns the limit of my account. The query  
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(?)limit(500 Euro) returns the set of accounts that have a limit of 500 
Euro. The query (Fortis,Jan) totalBalance(12/09/2003,?) returns 
the total balance of Jan at the Fortis bank on 12 September 2003. The query 
(Fortis,?) totalBalance(?,1.000.000 Euro) returns a set of persons 
and dates. These persons had a total balance of 1.000.000 Euro at the Fortis 
bank on the indicated date.  
 
 

Bank 
Person totalBalance: Date,Euro

Account0..*1 Person
Bank totalBalance: Date,Euro 10..*1 10..*0..*

limit: Euro
 

 

Figure 10 Implicit queries for characteristics 
 
The same kind of queries could be offered for associations. For an n-ary 
association an implicit query (Class1,…,ClassN)associationName
(Boolean) is given. Consider the example in Figure 11. A query 
(Jan,?)ownership(true) returns all the cars of the Jan. A query 
(Jan,thisCar)ownerschip(?) returns if Jan is the owner of this car. As 
illustrated in the postcondition of Figure 11, this kind of queries would solve 
the problem of several possible alternatives for the specification of the effect 
of the event buy().  
 
 

 

Person 

Car buy() 

Car

Person buy()

0..*0..* 0..*ownership

 
context  Person,Car :: buy() 
post: (selfPerson,selfCar)ownership(?) 
 

Figure 11 Implicit queries for associations 
 
This kind of implicit queries seems to be more powerful and more neutral in 
relation with the possible information requirements. In such a case, queries 
are not longer only applied on objects. Further evaluation is however needed. 
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1.3.2.3 Or-context Features 
 
N-ary features are and-context features: at least two objects are involved. If 
and-context messages are allowed, the question rises if or-context messages 
could also be useful. In such a feature an object of a certain set or of another 
set is involved. Consider the features totalBalance of the classes Person 
and Bank in Figure 12. The total balance of a person equals the sum of the 
balances of all his accounts. The total balance of a bank equals the sum of 
the balances of all its accounts. Both features have the same specification. In 
the second alternative, this is modelled with the help of an or-context. The 
or-context is denoted by a |. The advantage is clear: the analyst must specify 
the dependency only once.  
 
 

Person 
name : String 
totalBalance: Euro [0..1] 

Account
balance : Euro

0..*1 
Bank

name : String
totalBalance: Euro [0..1] 

10..*1 0..* 10..*

 
Alternative One  -- no or-context 
context Bank  inv: totalBalance() = account().balance()→sum() 
context  Person  inv: totalBalance() = account().balance()→sum() 
 
Alternative Two -- or-context 
context  Bank | Person inv: totalBalance() = account().balance()→sum() 
 

Figure 12 Features with an or-context 
 
Generalizing the class Person and Bank could also reach this advantage but 
this kind of generalization is rather rarely observed. In [Beka01, p.34], we 
argued that the driving force in object-oriented analysis to use the construct 
of generalization is polymorphism: the capability and need to reason about 
the union of sets and the possibility to refine the reasoning for objects of the 
specialization classes, and not the fact that classes have common features. 
Generalization is further discussed in chapter 6. 
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1.3.3 Conclusion 
 
The construct of n-ary features is introduced and allows the analyst to attach 
a feature to more than one class. Features are attached to all classes involved. 
As for associations, no distinction is made in attaching a feature to classes. 
This construct promotes abstraction and eliminates arbitrary choices. 
Moreover, n-ary features lead to a more appropriate specification of events 
and invariants. 
 
 
2 Features involving no Objects or artificial Objects 
 
2.1 Problem Description 
 
Another problem with features arise when no or only artificial objects are 
involved. This could be the case when a subset of objects, based on some 
certain static property, must be represented.  
 
 
2.2 Anti-Patterns 
 
2.2.1 Class-scoped Features 
 
Class-scoped features [OMG01, p. 3-43 and p.3-45] can be used when no 
specific objects are involved. In the UML, this kind of features is underlined. 
Consider the example in Figure 13. The class-scoped feature 
getTrippleABank represents all banks with an “AAA” rating. Notice that 
we could have attached the invariant or the feature to no matter which class 
in the conceptual model. 

 

Person Account0..* 1 1 0..* 
Bank

rating : Rating
getTrippleABank: Bank [0..*]

10..* 10..*

 
context Bank inv: Bank.getTripleABank() = Bank.AllInstances→select(rating() = “AAA”) 
 

Figure 13 Class-scoped features 
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A problem with class-scoped features is that they can be misused to model 
object-scoped features. This is frequently observed in practice.  The use of 
class-scoped events could, in an extreme way, lead to functional 
decomposition or structured design. In functional decomposition the system 
function is organised as a hierarchy of smaller functions, and the 
development consists of elaborating this hierarchy from the top downwards 
[Jack83, p.4]. 
 
Consider as an example the class diagram in Figure 14. The object-scoped 
event totalDeposit() of the previous section is modelled as a class-scoped 
event where the two explicit arguments are objects.  Notice that this class-
scoped event could be attached to any possible class. Consequently, an 
adequate classification of features when using the class-scoped mechanism is 
lost. Therefore, the construct of class-scoped features will not be offered to 
the analyst. 
  
 

Bank 
Account

balance : Euro

deposit()
totalDeposit()

0..*1 Person 10..*1 10..*0..*

 
context Account :: deposit(amount: Euro) 
post:  balance() = balance()@pre + amount 
 
context Account :: totalDeposit(person:Person, bank:Bank, amount: Euro) 
post:  Account.AllInstances→select(person() = person and bank() = bank). 
  deposit (amount) 
 

Figure 14 Class-scoped features 
 
 
2.2.2 Introducing Artificial Classes 
 
Another, more object-oriented way to avoid class-scoped features is to 
introduce a new class with object-scoped features. In the banking example, 
one could introduce the class BankFederation. In that context, we assume 
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that a bank is always linked with a bank federation. Consider the class- 
diagram in Figure 15. The object-scoped characteristic getTripleABank
selecting all banks with an “AAA” rating is attached to the new class 
BankFederation.   
 
 

Person Account0..* 1 1 0..* Bank
rating : Rating

10..* 10..*
BankFederation 

getTripleABank : Bank[0..*] 10..* 10..*

 
context BankFederation inv: getTripleABank () = bank()→select(rating() = “AAA”) 
 

Figure 15 Introducing a new class  
 
This approach, although more object-oriented, has several disadvantages: 
 
•  The first disadvantage is that an artificial class that does not belong to the 

problem context is introduced.  The only reason why this class is 
introduced is that it permits the analyst to specify a feature that represents 
a selection of objects. This is a technical reason. In our opinion, only 
classes that play an important role in the problem context should be 
modelled. 

 
•  Furthermore, it is assumed that there is only one bank federation object.  

Only then is it possible to select all the banks with a specific property. 
The need for class-scoped features is also postponed. How could the bank 
federation object be selected?  By introducing a new class? Or by 
introducing a class-scoped feature getBankFederation()? 

 
•  If this approach would be adopted, then new singleton classes should be 

introduced for other selection of objects. In the example, a new artificial 
class should be introduced for characteristics representing a selection of 
persons. 

 
•  Another problem is that this approach could lead to long navigation 

expressions.  Suppose that a selection of all transactions on accounts on a 
certain date should be modelled. This message could be attached to the 
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class BankFederation.  From a bank federation we are navigating to all 
the banks, and from there to all the accounts and at last to all the 
transactions on accounts. 

 
•  Characteristics are reserved to model sets of links between data values 

and objects. The feature getTripleABank is a characteristic but models a 
set of links between a bank federation and triple “A” banks. For this kind 
of links, an association should be used. The use of characteristics to 
model links between objects is not allowed. Furthermore, if triple “A” 
banks have special dynamic or static properties, these properties cannot 
be attached to an already existing class. 

 
 
2.3 Patterns 
 
2.3.1 Subset Constraints 
 
To resolve the disadvantages of the previous approach,  (sub)sets of objects 
will be modelled as classes and the construct of a subset constraint will be 
introduced. In the UML, some predefined generalization constraints 
[OMG01, p.3-87] such as overlapping, disjoint, complete and 
incomplete already exist. A generalization constraint indicates a 
dependency among the subclasses that share a common superclass. A subset 
constraint indicates a dependency between the superclass and the subclass.  
 
Consider the class-diagram in Figure 16. The set of all triple “A” banks is 
now represented by a class. The subset constraint specifies that all the banks 
with an “AAA” rating are also objects of the class TripleABank and that all 
objects of this class have an “AAA” rating. Notice that an invariant attached 
to the class TripleABank, specifying that all objects of this class have a 
triple “A” rating is not a valid alternative for the subset constraint. The 
invariant would be too weak. This approach resolves the disadvantages of 
the previous approach. 
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Person Account0..*1 1 0..*

TripleABank

Bank
rating : Rating

10..* 10..*

{TripleABank.AllInstances = Bank.AllInstances→select(rating() = “AAA”)} 
 

 
 

Figure 16 Subset constraints 
 
Another advantage is that the same selection of subsets must be specified 
only once. In other words, the multiple use of the selection statement in the 
specification of events or invariants can be avoided. Consider an example in 
Figure 17. Assume a class FrozenAccount, representing a certain subset of 
all accounts. In the specification of the event depositFrozen() attached to 
the class Person, the select statement is not used. The implicit query 
frozenAccount() is used instead. This event increases the balance of all 
frozen accounts of a given person with a given amount. The same selection 
statement is avoided in the event increaseLimitFrozen(). 
 
 

Bank 

increaseLimitFrozen() 

Account
balance : Euro
limit : Euro
frozen : Boolean

deposit()
increaseLimit()

0..*1 Person 

depositFrozen() 
11 10..*0..*

FrozenAccount

{FrozenAccount.AllInstances =  
Account.AllInstances→select(frozen)} 

 
context Account :: deposit(amount: Euro) 
post: balance() = balance()@pre + amount 
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context Account :: increaseLimit(percentage: Real) 
post: limit() = limit()@pre (1 + percentage) 
 
context Person :: depositFrozen(amount: Euro) 
post: frozenAccount().deposit(amount)  
  -- account()→select(frozen).deposit(amount) 
 
context Bank: increaseLimitFrozen(percentage: Real) 
post: frozenAccount().increaseLimit(percentage) 
  -- account()→select(frozen).increaseLimit(percentage)  
 

Figure 17 Avoiding select statements 
 
 
2.3.2 Parameterised Classes 
 
Not only the construct of a subset constraint should be introduced but also 
the construct of a parameterised class or template class is necessary to 
represent possible subsets of objects. A template class defines a family of 
classes, each class specified by binding its parameters to actual values 
[OMG01, p.3-52]. Consider the example outlined in Figure 16. The subset of 
banks with a certain rating is represented with the help of a parameterised 
class. The parameter is used in the subset constraint. 
 
 

Person Account0..* 1 1 0..* Bank
rating : Rating

10..* 10..*

rating: Rating 
BankWithRating

{BankWithRating(rating).AllInstances = 
 Bank.AllInstances→select(rating() = rating)} 

 
 

Figure 18 Parametrized classes 
 
One could argue that this pattern does not give an answer on how to model 
for instance the average rating of all banks or the change of a rating of all or 
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a subset of banks. This is correct but is discussed in a section about the scope 
of the conceptual model in the last but one chapter. 
 
 
2.3.3 Conclusion 
 
Subsets of objects, based on a certain static property, should be modelled as 
subclasses. The construct of subset constraints and parametric classes are 
introduced in order to formally specify the relationship between the 
superclass and the subclass. Due to this pattern, the use of class-scoped 
messages or the introduction of artificial singleton classes can be avoided. 
Furthermore, the use of characteristics is reserved for the representation of 
links between objects and data values and cannot be used to model links 
between objects. 


