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Abstract 
The tutorial addresses the problems connected with requirements modelling in a UML-
based development process. UML supports requirements modelling by means of use 
cases. This practice suffers from several limitations, especially as use cases are quite 
informal descriptions –thus allowing ambiguities and misinterpretation of requirements– 
and they are not object-oriented –thus making traceability of requirements in object-
oriented models problematic. 

Rigorous approaches –not based on UML– were proposed, but they did not achieve a 
great popularity, mainly because they are considered not promptly applicable in UML-
based development processes, and consequently hardly productive in the short term. 

The proposed tutorial promotes the application of the Reference Model for Requirements 
and Specifications [2] and the usage of Michael Jackson's Problem Frames [1]. 

Problem frames drive developers to understand and describe the problem to be solved, 
which is crucial for a successful software development process. Moreover, Problem 
Frames provide a framework to arrange the elements of the problem and solution 
domains; the final purpose of such detailed framework is to let developers write 
requirements and specifications in an ordered, clear and rigorous way.  
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The goal of this tutorial is to show how the mentioned rigorous approaches to 
requirements engineering can be applied in the context of a software development 
process based on UML. In particular, it is shown how familiar UML constructs (like class 
and state diagrams) can be used in a disciplined way in the construction of models that 
represent properly the problem domain, the user requirements, and the specifications of 
the software system. 

The final objective is to increase the quality of requirements models, while making them 
suitable to drive UML-based software development. 

Tutorial aims, objectives and scope 

Motivations: problems addressed 

The tutorial addresses the problems connected with requirements modelling in a UML-
based development process. UML supports requirements modelling by means of “use 
case” diagrams. Unfortunately, use cases suffer from several limitations, amply described 
in the literature [1][11][12]. 

The main problem with use cases is that they are completely informal. Often the 
information provided by use cases is complemented by explanatory text, which makes it 
possible to introduce ambiguities in the requirements model. Such ambiguities may lead 
to misinterpretation of requirements, thus causing very expensive errors. 

Another problem is that use cases are not an object-oriented notation. This makes it 
necessary to map the concepts appearing in the use case diagrams into elements of an 
object-oriented model. This activity requires an ad-hoc methodology (like the robustness 
analysis [10]). As a consequence the resulting object-oriented model contains elements 
that generally are not easily traceable back to requirements. Difficult traceability makes 
the management of the development process more difficult and increases the probability 
of errors.  

Finally, use cases are, by definition, inclined to describe dynamic requisites; that is, 
requisites that manifest themselves in an interaction. When a requisite can be seen as a 
constraint, it’s not so easily captured by a use case. More generally, use cases are known 
to be hardy suitable to describe non functional requirements. 

The tutorial illustrates a technique that leads analysts to build requirements models that 
are both precise and object-oriented, so that they can be used directly as a basis for the 
subsequent design phases, also guaranteeing traceability. In practice, the conceptual and 
methodological base of problem frames is applied in the context of UML, thus leading to 
high quality requirements, suitable to effectively support the design, implementation and 
testing of software systems. 

Rigorous approaches to requirements modelling 

Rigorous approaches –not based on UML– were proposed, but they did not achieve a 
great popularity, mainly because they are considered not promptly applicable in UML-
based development processes, and consequently hardly productive in the short term. 
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The proposed tutorial promotes the application of the Reference Model for Requirements 
and Specifications proposed in [2] and the usage of Michael Jackson's Problem Frames 
[1]. 

The Reference Model for Requirements and Specifications is employed to clearly 
identify and characterize the five artefact types that represent the Environment and the 
System (see Figure 1).  
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Figure 1. Five Software artefacts. 

Five types of artefacts are involved in the software development process. They are: 

• The domain knowledge (W) that provides presumed environment facts. 

• The (user) requirements (R) that indicate what the customer needs from the system, 
described in terms of its effect on the environment. 

• The specifications (S) that provide enough information for a programmer to build a 
system that satisfies the requirements. As graphically illustrated in Figure 1, 
Specifications are defined in terms of the phenomena that are shared between the 
Environment and the System. 

• A program (P) that implements the specification using the programming platform. 

• A programming platform (M) that provides the basis for programming a system that 
satisfies the requirements and specifications. 

More precisely, within the Environment and the System it is possible to identify elements 
(described through “designated terms”) that are controlled and others that are only 
visible. Figure 2 illustrates this situation. Letters e and s represent phenomena of the 
Environment and System, respectively. Subscripts h and v indicate phenomena that are 
hidden from external elements or visible by outside elements, respectively. For instance, 
elements ev are controlled by the Environment and are visible by the System (and 
possibly affect the behaviour of the System). 

User requirements are expressed from the point of view of the user, who knows well the 
problem domain and is interested in the effects of the system on the whole environment. 
Requirements are thus expressed in terms of eh ev sv. 

On the contrary, Specifications represent the objectives of the development. They are 
addressed to the designer; therefore they do not include the details of the environment, 
namely the parts of the environment that are not visible by the system. In conclusion, 
Specifications involve only ev and sv, i.e., the interface between the system and the 
environment. 
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Figure 2. Visibility and control for designated terms. 

The Problem Frames approach is to be used when gathering requirements and creating 
specifications for computer software. The core concepts are simple:  

• The best way to approach requirements analysis is through a process of parallel 
decomposition of user requirements. 

• User requirements are about relationships in the real world, not about functions 
that the software system must perform. 

When analyzing a problem, the Problem Frames approach considers the software 
application to be a kind of software Machine and define the goal of a software 
development project in changing the real world by creating a software machine, adding it 
to the real world, where it will bring about the desired effects. 

For instance, Figure 3 illustrates the “commanded behaviour” frame applied to the 
problem of controlling a gate at a railroad crossing. Such frame is employed to express 
those problems where the behaviour of a domain (in this case, the Gate) has to be 
determined according to the signals originated by another domain (the tracks in the 
crossing region). However, the signals cannot be treated as commands and sent directly 
to the commanded behaviour, rather they have to be elaborated by a machine, which 
implements the “intelligence” needed to guarantee that the behaviour of the controlled 
domain conforms to the user needs (e.g., the safe operation of the gate). 
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Figure 3. A commanded behaviour Problem Frame. 

Every Problem Frame proposes a “concern” that identifies the descriptions that need to 
be made and how they fit into a correctness argument. Addressing the frame concern 
means assuring that domain descriptions, requirements and specifications fit together in 
an appropriate frame. 

The specification S describes the properties that we want the machine to have at 
its interface with the world. Jackson gives a general rule for mastering the 
problem and satisfying the requirements: “If the machine achieves the behaviour S 
at its interface with the world given the domain properties W the requirement R 
would be satisfied”, i.e. S, W |- R. 

In conclusion, problem frames help not only in describing requirements, but also in their 
fulfilment. 

Objectives of the tutorial 

The tutorial provides the participant with the means to apply rigorous requirements 
methods –thus achieving a more reliable process, and better quality products– without 
having to pay a high fee in terms of steep learning curves, as the familiar UML notation 
and concepts can be employed. In fact, the goal of this tutorial is to show how the 
Reference Model for Requirements and Specifications by Gunter et al. and Michael 
Jackson's Problem Frames can be applied in the context of a UML process. In particular, 
it is shown how familiar UML constructs can be used in a disciplined way in the 
construction of models that represent properly the problem domain, the user requirements 
and the specifications of the software system. 

The tutorial presents a technique for the application of the reference model by means of 
UML where domains are modelled by means of UML classes and components; relations 
among domains are modelled by means of UML associations, aggregations, etc; shared 
phenomena are modelled by means of interfaces and public methods and attributes [3]. 

Similarly, the behavioural characteristics of problem domains and of the user 
requirements are described by means of state diagrams whenever an operational 



 - 6 - 

specification is applicable and by means of OCL when a more declarative style is 
preferable [4]. 

The application of the proposed techniques is eases the transition from the requirements 
specification phase to the design phase, as no changes in the employed notation (UML) 
are required and –for the same reason– to improve the understanding of requirements by 
designers. Traceability is also improved, since elements of the requirements models are 
the same that appear in design models.  

The final objective is to increase the quality of requirements models, while making them 
suitable to drive UML-based software development.  

Expected audience and required background 

The intended audience for this tutorial is composed of practitioners and researchers who 
are familiar with UML and the traditional way of developing software in a UML-based 
process, and are interested in: 

• Learning the difference among UML models representing problem domains, 
requirements, specifications and design.  

• Learning how to characterize the aforementioned types of models according to the 
Reference Model for Requirements and Specifications proposed in [2]. 

• Learning how to write requirements specifications according to Michael Jackson's 
Problem Frames [1] but using UML as the notation. 

• Learning how to address non functional requirements (namely time-related 
properties). 

All the concepts will be illustrated by means of an example derived from the industrial 
practice. 

In conclusion, the audience will get acquainted with a most advanced technique for 
modelling requirements in a UML-based development process. 

The adoption of the proposed approach has also some benefits on the overall 
development process. The tutorial can thus be interesting also for managers interested in 
improving UML-based processes.  

Required background: the knowledge of UML is required. Some knowledge of OCL and 
of the Problem Frames is beneficial, although not necessary. 

Context  
The tutorial is based on the idea of exploiting the valuable concepts underlying the 
Problem Frames approach in a UML-based development process. This idea was 
originally proposed by prof. Lavazza at the International Conference on Software 
Engineering and Knowledge Engineering (SEKE) in 2003 [3].  

The integration of the Problem Frames concepts into UML was then refined by 
addressing increasingly complex issues and employing the latest release of UML [4][5]. 
Some initial work addressing the integration of scenario-based requirements description 
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in the context of Problem Frames was performed [6]. An extension of OCL to deal with 
time was also defined [13]. 

The tutorial concerns techniques that are currently subject of a growing interest. Actually, 
there is a large movement that is addressing the usage of UML (beyond use cases) in the 
representation of requirements. Other authors propose to merge the usage of UML and 
problem frames [7], or exploring the application of (suitable extensions of) OCL to the 
specification of real-time requirements [8][9]. 

In conclusion, the proposers believe that the amount of work done to define the 
integration of Problem Frames concepts in the UML development process is complete 
and mature enough to support a methodology that can be employed in industrial settings. 
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Table of contents and time allocation  
The tutorial is three hours long (not including breaks). It is organized into the following 
sections. 

1. The problem of requirements modelling (40’) 

This section addresses the problem of establishing the precise meaning of requirements 
modelling. The concepts of Environment and Problem Domain are introduced. The 
relationship between the Environment and the machine (which is seen as a black box in 
this phase) is described in terms of “phenomena” that are shared between the Problem 
Domain and the Machine. Shared phenomena constitute the “interface” between the 
machine and the environment. The problem domain is defined as the portion of the 
Environment that is visible by the machine. 

The requirements are defined as properties expressed over the Environment and the 
Machine, while specifications are defined as properties expressed over the interface only. 

An example application is used to illustrate the concepts. This example will be used 
throughout the tutorial in order to illustrate the presented concepts. 

2. Limits of the use cases (20’) 

The requirements for the example application are expressed by means of use cases. The 
limits of the use cases are observed. 

3. Problem frames (30’) 

Problem frames are briefly introduced. An example for each type of frame is given. The 
frame concern is illustrated. Why ‘system models’ trying to combine the specification, 
domain properties and requirements are unsuitable to support complex developments, and 
can actually lead to bad results. 

4. Problem frames with UML (1 h) 

This section shows how to apply UML to model the Environment, problem domain, and 
shared phenomena. Requirements (i.e., the desirable properties of the whole system) are 
expressed by means of state diagrams and OCL. 

Correctness arguments are also addressed. 

In order to illustrate the technique, a set of problems frames are presented and modeled 
by means of UML. The whole example application is then modelled. 

5. Dealing with time: extending OCL (15’) 

UML is limited with respect to the possibility of specifying temporal aspects. By means 
of OCL it is not possible to reference different time instants in a single OCL formula. 
Only invariant properties can be formalized, which at most include references to attribute 
values before or after method execution. 

An extension of OCL is presented to overcome these limitations. Examples are given. 



 - 9 - 

6. Conclusions and possible evolutions of the proposed method (15’) 

The final discussion will involve a brief evaluation of pros and cons, applicability 
conditions, tool support and evolution, taking into consideration new modelling language 
proposals (e.g., SysML). 

Teaching methods 

The tutorial consists mainly of presentations, which will address both the description of 
the methodology and its application to a real problem. 

The subproblems that will emerge during the process of requirements modelling will be 
discussed with the participants, and their opinion and contribution will be solicited.  

Requested Audio/Video equipment  
The presenter will use his own portable PC. A projector is required. 
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