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Introducing a new framework for modelling 
requirements, traceability, and patterns in UML 

Abstract 

This thesis introduces a new framework for modelling requirements and traceability using the 

Unified Modelling Language (UML). It also shows how this framework successfully can be 

used for modelling traceability patterns.  

There is no complete framework for modelling all aspects of requirements and traceability in 

the software industry today, according to our research. The most widely used framework is 

UML’s use case diagrams but these diagrams are not complete in the sense of the ability of 

modelling a requirement’s whole life cycle, such as its breakdown structure and its 

dependencies to other project artefacts, such as processes diagrams and test cases, etc. Use case 

diagrams focus on describing the user’s requirements but omit the connection to over- and 

underlying requirements such as overlying needs and underlying system requirements, etc.    

By introducing a new generic modelling framework for requirements, the requirements issue 

discussed above may be solved. This framework will hopefully ease many requirements 

modelling issues which can emerge, especially in large software projects where complex 

requirements sets are not uncommon. For example, the framework could be useful for 

communicating requirements best practices (in terms of patterns) to other software projects. 

The assignment of this thesis was to create a new modelling framework for requirements which 

could model requirements in a much wider context than the existing requirements diagrams 

used in the software industry today. The framework should at least be able to model different 

types of requirements, a requirements’ break down structure, attributes and traceability to other 

requirements and project artefacts. The framework should also be suitable for modelling 

traceability patterns in order to communicate best practices to other software projects.  

The ambition was that the framework should be as easy to understand and adapt as possible; 

hence, a focus on an elaboration on existing UML diagrams, which today are widely known and 

accepted in the software industry.     

The conclusion is that it is possible to create a framework according to the assignment. It was 

proven that UML’s existing class and object diagrams are sufficient for reaching the objective. 

Also, the framework proved to be suitable for modelling traceability patterns. The framework 

was then tested on two real projects and it was shown to be efficient for communicating the 

projects’ requirements design and sharing best practices among the project members. 
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Introduktion av ett nytt ramverk för att modellera 
krav, kravspårning och mönster i UML 

Sammanfattning 

Denna rapport introducerar ett nytt ramverk för att modellera krav och spårbarhet med hjälp av 

UML. Rapporten visar även att detta ramverk med fördel kan användas för att modellera 

spårningsmönster. 

Idag finns det inget komplett ramverk i mjukvaruindustrin för att visuellt modellera krav och 

kravspårning. Det mest använda ramverket är UML:s användningsfallsdiagram som har blivit 

en standard inom kravmodellering. Nackdelen med dessa diagram är att de inte går att använda 

för att modellera ett kravs hela livscykel, såsom dess nedbrytning och beroenden till andra 

projektartefakter. Användningsfallsdiagrammen fokuserar på att beskriva användarens krav men 

utelämnar kopplingen till över- och underliggande krav såsom de överliggande behoven och de 

underliggande detaljerade systemkraven. Diagrammen är inte heller användbara för att 

modellera spårbarhet till godtyckliga projektartefakter såsom arbetsprocesser och testfall, etc.   

Genom att ta fram ett nytt heltäckande ramverk för kravmodellering så kan kanske det ovan 

beskrivna problemet övervinnas. Detta ramverk kommer förhoppningsvis att minska många 

kravproblem som kan uppstå, framför allt i stora mjukvaruprojekt med komplexa 

kravuppsättningar, där flera kravnivåer och komplexa beroenden till andra projektartefakter inte 

är ovanliga. Exempelvis så kan ramverket bli användbart för att kommunicera erfarenheter (i 

form av kravmönster) till andra mjukvaruprojekt. 

Målet med denna rapport är att ta fram och presentera ett helt nytt modelleringsramverk för 

kravhantering som är så pass kraftfullt att det kan modellera ett kravs hela livscykel. 

Minimikravet är att ramverket skall innehålla metoder för att modellera olika typer av krav samt 

ett kravs nedbrytning, attribut och spårbarhet till andra krav och projektartefakter. Ramverket 

skall även kunna användas för att modellera kravmönster för att sprida erfarenheter till andra 

mjukvaruprojekt. 

Ambitionsnivån är att ramverket måste vara enkelt att förstå och använda. Fokus har därför lagts 

på att använda och utgå ifrån befintliga UML-diagram som redan är välkända och accepterade 

inom mjukvaruindustrin.  

Rapportens slutsats är att det är möjligt att skapa ett ramverk som är så pass kraftfullt att det kan 

beskriva ett kravs hela livscykel. Rapporten visar att UML:s existerande klass- och 

objektdiagram räcker för att uppnå målet. Ramverket har sedan testats på två riktiga 

mjukvaruprojekt där det visade sig att ramverket förenklar förståelsen för kravhanteringen bland 

projektmedlemmarna och kan användas för att sprida erfarenheter till andra mjukvaruprojekt.  



  

Nyckelord 

Kravmodellering, krav, spårning, kravspårning, spårbarhetsmönster, mönster, kravramverk, 

UML, klassdiagram, objektdiagram, användningsfall.
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Foreword 

In 2004 I had the privilege to travel as an exchange student from the Royal Institute of 

Technology (KTH) in Stockholm, Sweden, to the University of Cape Town (UCT) in 

South Africa for one semester. At the varsity in Cape Town, I met my supervisor Justin 

Kelleher who asked me to stay for another semester joining him in his research of requirements 

traceability. At the time, I did not know much about requirements nor traceability. Justin had 

come down from Ireland a few years earlier to set up a research lab focusing on requirements 

traceability. He had worked in the industry for many years where he had experienced how poor 

management of requirements could have a devastating effect on software projects. He meant, 

that the number one issue in software projects was that companies did not trace their 

requirements, i.e. requirements where seldom traced to the original need nor the test cases, 

which created a gap between what was ordered and what was delivered, which in turn caused 

many projects to fail. He meant that the root cause of this problem was that companies do not 

know how to apply requirements traceability because there were no standards in the industry. 

His idea was to create patterns—traceability patterns—which could act as guidelines for helping 

companies overcome this problem. 

Patterns normally consist of two parts: a textual- and a visual part. The textual part describes the 

problem and proposes a solution whereas the visual part visually models the textual part. When 

I first examined Justin’s traceability patterns I realised that the existing requirements diagrams 

in UML where not sufficient for modelling the patterns. In our early collaboration we decided 

that I was going to focus on finding a method of visually describing the patterns. We soon 

realised that these diagrams could be used in a much wider context for describing requirements 

in general, and we decided that this was going to be my master's thesis. 
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1 Introduction 
In this chapter I will present the background of this thesis, explain the problem and go 

through the method I used for finding a solution. The chapter also gives a summary of 

the findings and explains who the intended readers are. Suggestions of future work as 

well as the outline of the rest of this thesis are also covered. 

1.1 Background 

People have in all times been delegating work to others; otherwise we would not have been able 

to build the society we have today. It is easy to understand that the outcome of a delegation is 

dependent on the involved parties’ communication skills. If the delegator fails to clearly 

communicate what is supposed to be achieved—which normally is referred to as the 

requirements—he or she will most likely not get what was in mind. And on the other side, if the 

receiver who is supposed to carry out the work fails to interpret the requirements correctly, the 

outcome may be even more malformed. 

Requirements have a tendency to change, this happens in every project. It happens when money 

or resources are running out, or when the involved parties are getting smarter along the way, or 

when some other internal or external force is influencing the project somehow. A change is like 

a domino effect which has a tendency to change other depending requirements as well and how 

they are interpreted, causing misunderstandings and a gap between what is ordered and what is 

delivered.  

These two forces, misinterpretation and change of requirements, have always been an issue in 

engineering projects, especially when it comes to IT. Standish Group is a recognised survey 

institute which since 1994 yearly has examined the outcome of over 10 000 IT projects [1]. 

Their conclusion is that the number one issue causing IT projects to fail is poor management of 

requirements, i.e. companies do not make use of requirements best practices nor do they learn 

from earlier mistakes. There are numerous other surveys confirming that requirements 

management has a strong link to project failures and development costs. [2] [3] [4]. 

As a result of this alarming fact, requirements management has been a hot research field for the 

last decades. Many books, articles and white papers have been published discussing and 

addressing many of these issues. Despite this and that over 15 years have elapsed since Standish 

Group published their first report, requirements management is still a huge problem area. 

Standish Group’s report from 2010 shows that only 37 % of all IT projects are completed within 

time and budget. With this in mind, it is evident that more research needs to take place for 

addressing the problem. 

Requirements management is a wide research field and there are for sure many parts which 

could be scrutinised and improved. One problem which I came across in my preliminary study 

for this thesis was that there is no complete framework for modelling a requirement’s whole 
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lifecycle. The diagrams which exist today can only model certain types of requirements and are 

very limited.  

As an example, my supervisor had for a long time been researching how to create requirements 

traceability patterns for communicating traceability best practices to the software industry. 

Patterns normally consist of a textual and a visual part (where the visual part clarifies the textual 

part). One dilemma with the patterns he was creating was that it was difficult to create the visual 

part due to the lack of a good method for depicting requirements. 

Furthermore, in recent years many companies have shown reluctance in starting new 

developments (due to the global economic unpredictability). These companies are instead 

aiming for the cheaper options of updating and maintaining existing systems [5] which means 

that the development of complex software-intensive products has become a reality [6]. This new 

complexity combined with tighter regulations on requirement compliance has also renewed an 

interest in visual requirement frameworks [8]. 

1.2 Problem 

As far as I know and according to my research, there is no complete method for visually 

modelling requirements and requirements traceability in the software industry today. Though, 

UML (which is the de facto standard when it comes to software modelling) has diagrams for 

modelling use case requirements, i.e. how an actor interacts with a system, but these diagrams 

are not complete in the sense of the ability to model different types of requirements and a 

project’s complete requirements breakdown structure and dependencies to other project 

artefacts (such as arbitrary flow charts and other documentations, etc.). For example, use case 

diagrams focus on the user’s requirements but do not cover preceding or subsequent 

requirements layers such as needs and detailed system requirements.    

A consequence to the above is that my supervisor is not fully able to model his traceability 

patterns in an intuitive way. Patterns in the software industry normally have one textual and one 

visual part. The textual part normally consists of: name, problem, context, and solution, whereas 

the visual part depicts the pattern and clarifies the textual part. For example, when using design 

patterns for describing best practises in object oriented programming the textual part often 

comes with a UML diagram. In our early work I and my supervisor realised that the 

requirements diagrams available in UML where not sufficient enough for depicting the visual 

part of a traceability pattern. Hence the emerging interest of creating a new complete framework 

for modelling requirements, traceability and patterns. 

1.3 Purpose 

The purpose of this thesis is to create a new modelling framework for requirements and 

traceability. It will also test how this new modelling framework can be used for modelling the 

whole lifecycle of a requirement as well as the visual part of traceability patterns. 



 

 3 

The hypothesis is that the new modelling framework can be created in UML, which is the most 

widely used modelling language today [7]. In order to establish a sufficient solution the 

framework needs to be able to model at least the following characteristics of a requirement: 

• Any arbitrary requirement type such as: need, stakeholder request, feature, user 

requirement, system requirement, use case, etc. 

• A requirement’s name. 

• A requirement’s tag (i.e. ID). 

• A requirement’s attributes and its values. 

• Traceability to other requirements and other project artefacts (such as test cases, 

documentations, flow charts, etc.).  

• Different types of traceability such as: trace-to, trace-from, parent-child, etc. 

• A requirement’s breakdown structure. 

• Requirements templates, from which requirements can be created (i.e. for 

reusability). 

The ambition is that the framework should be easy to understand, accept and adapt; hence, the 

focus on an elaboration on existing UML diagrams. 

1.4 Method 

In order to create a new modelling framework I and my supervisor set up a project. The project 

was divided into two subprojects:  

• Subproject 1: The analysis subproject, which was a survey for identifying previous 

work within the problem domain and to come up with an idea of a solution. 

• Subproject 2: The verification subproject, which aimed to test the idea from 

subproject 1 with people in the academic world and in the industry to get an 

approval. 

1.4.1 The analysis subproject 

The subproject started with an iterative phase of two weeks where I collected and analysed 

literature within the problem domain: First I collected literature which I then studied. I then 

collected more literature and studied it until I felt I had sufficient material for creating a 

literature review. The literature review was then checked with my supervisor and other 

personnel at UCT who gave valuable input to it.  
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I then continued the subproject by analysing the literature review with the assumption of finding 

an idea for creating a new modelling framework, which I did. 

1.4.2 The verification subproject 

As in any academic research it is important to get feedback both from the academic world and 

the industry. 

I interviewed three people and held three presentations at UCT. I interviewed one professor, one 

doctor, and one master’s student. I held one presentation for the Data Network Architecture 

(DNA) group (mainly consisting of master’s students); one for a bachelor student group, and 

one to a professor. I also presented the idea to a professor in the Mathematics department. All 

these presentations and interviews gave valuable input to this thesis. 

My supervisor introduced me to several professionals in the software industry in Cape Town. I 

had the opportunity to interview and present my idea to three companies: one medical company, 

and two software companies. Also, De Beers (a South African diamond mining company) 

showed interest in our findings. De Beers had difficulties with their requirements management 

in their Namibian mines and I and my supervisor, together with a PhD at UCT, where asked to 

send in a proposal of how to improve their requirements management in their mines. We 

worked with the proposal for several weeks and handed it in. Unfortunately, the project was 

cancelled due to a change of prioritisation in another De Beers project. However, we got 

valuable feedback both from De Beers and other people helping us with the proposal, which 

even further strengthened the idea. 

When the new modelling framework started to be finalised, I and my supervisor wrote a white 

paper [8] in order to get the ideas approved in the academic world. The paper was accepted and 

published at the IASTED [9] conference in Montreal in May 2006. At the conference I and my 

supervisor got even more feedback.  

Later in my professional career, when I worked as a requirements analyst, I also tested the 

framework in two real IT projects, where it eased the understanding of the requirements setup 

and plan among the project members. 

All this feedback both from the academic world and the industry verified that the findings 

worked not only in theory but also in practice. 

1.5 Conclusions 

The conclusion is that it is possible to create a generic modelling framework for modelling 

different kinds of requirements and a requirement’s whole lifecycle. The framework is also 

suitable for modelling traceability patterns.  

The framework was tested on two real software projects where it improved the understanding of 

the requirements setup among the project members.  
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A finding is that the framework is not suitable for modelling a complete map of all requirements 

in an IT project. Such projects normally consist of thousands requirements which make the 

requirements map unmanageable. The framework was shown to be more suitable for describing 

the requirement types and their relationships, or for describing parts of a project’s requirements 

setup and best practices (i.e. patterns), which was the main objective of this thesis. 

1.6 Future work 

Future work could be to fully test traceability patterns in a real project and compare these with 

patterns which have not been modelled using this framework, in order to see how much value 

this modelling framework gives to traceability patterns. 

An aspect which could be further elaborated is how one should model large requirements 

setups, which was identified as an issue with the current framework.     

This framework has been developed and tested mainly in software engineering projects. 

Another interesting topic could be to further investigate if this framework is suitable for 

requirements management in other engineering disciplines as well, such as in construction or 

process reengineering projects, etc. 

1.7 Intended readers 

The intended readers are professionals, such as business requirements analysts, project 

managers and software developers, who are interested in a new approach for modelling 

requirements and requirements traceability. The report is also suitable for master students 

studying project management, IT management, computer science, or information technology, 

etc. 

The report may also be interesting for professionals or academics who are interested in 

modelling and how one can extend the Unified Modelling Language (UML) for a certain 

domain, in this case requirements management.    

1.8 The outline of these thesis 

The rest of this thesis is organised as follows: 

• Chapter 2, Project failures and its strong correlation to requirements management, will 

show that requirements management is an important discipline which if managed poorly 

can cause projects to fail. The chapter also discusses how we can improve and that 

visualisation (i.e. modelling) has been a successful approach in many engineering 

disciplines for sharing best practices to others. Despite this fact, modelling requirements 

is still in its infancy. Hence the emerging interest of creating a new modelling 

framework. 
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• Chapter 3, Requirements, will go through what a requirement is and explain its 

components (such as its type, name, tag, attributes, traceability, etc.). These components 

will then be modelled and build up the new framework (in chapter 6).  

• Chapter 4, Patterns, will present what a pattern is with a focus on traceability patterns. 

The chapter will also discuss the problem of modelling traceability patterns using 

today's modelling frameworks. The patterns will then be modelled using the new 

framework (in chapter 7). 

• Chapter 5, Modelling languages, will discuss modelling benefits and describe the 

Unified Modelling Language (UML). UML comprises several diagrams where three of 

them, which are relevant for this thesis, are presented in detail. The chapter also discuss 

how these diagrams can be adapted for a certain domain (in this case the requirements 

domain). 

• Chapter 6, Introducing a new framework for modelling requirements, will use the 

findings in the previous chapters to step by step introduce a new framework for 

modelling requirements and traces. Each new modelling technique introduced will be 

given a definition. 

• Chapter 7, Using the framework, will show how the framework introduced in chapter 6 

can be used in practice. Three examples are given together with examples of how to 

model traceability patterns. 

• Chapter 8, Conclusions, will briefly state the major findings in the previous chapters. 

• References, contains a list of all the literature, etc. which have been referenced in this 

thesis. 

• Appendix A, Shape summary, gives an extracted list of all definitions and shapes in the 

new framework (extracted from chapter 6). 

• Appendix B, Converting an UML diagram into a traceability matrix, will show how a 

diagram modelled using the framework can be converted into a format which can be 

imported into a requirements management tool (e.g. RequisitePro) in order to further 

manage the requirements, and in this way creating a bridge between this framework and 

existing requirements management tools. 

• Appendix C, Requirements traceability graphs, presents a teaser of an idea to present 

requirements and traceability as a mathematical graph. When having the requirements 

presented in a graph format it is possible to apply algorithms for traversing the graph to 

gain statistics and knowledge in a new way.  
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2 Project failures and its strong 
correlation to requirements 
management 

In this chapter I will discuss how poor management of requirements can cause projects 

to fail. I will present findings from surveys and discuss hypothesis of how the issues can 

be addressed.   

2.1 Why do IT projects fail so often? 

Throughout the evolution of software engineering, one of the hardest tasks project managers 

have been facing is the one of capturing and managing the stakeholders’ requirements and 

translating them into good design which meets the stakeholders’ needs within time and budget. 

An incorrect or disputed requirement will not only have an impact on what is delivered; it will 

also waste time and resources which could have been used in a more efficient way. The longer 

an incorrect requirement lives the more problem does it cause the project. The cost of removing 

a defect from a project was studied by Davis [10] who has summarised studies conducted by 

different companies such as IBM and HP. The cost of an incorrect requirement found in 

different phases in a software project according to his survey is presented in table 2.1 below.  

Phase Cost 

Requirements definition  0.1–0.2 

Design  0.5 

Coding  1 

Unit test  2 

Acceptance test  5 

Table 2.1: Relative cost of changing requirements at different phases in software 

development projects.  

The table tells that the cost of correcting a requirement grows exponentially as the project goes 

on. The cost of correcting a requirement late in a project can cost up to 50 times the cost of 

correcting a requirement in the early stage; thus, requirements errors should always be detected 

as soon as possible. 

The most recognised and accepted survey in the software industry is the CHAOS report which 

is published annually by the Standish Group [1]. They examined 10 000 IT projects every year 

to study the root causes of project failures. They have divided the projects into three categories: 

1. Challenged, projects which cost 189 % of their original estimate. 

 

2. Failed, projects which are cancelled or never implemented. 

 

3. Succeeded, projects delivered within time and budget. 
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The survey from 2010 shows that 42 % of the projects are challenged, i.e. they cost 

approximately two times their original estimate; 21 % are failed; and only 37 % are delivered 

within time and budget. The alarming figures are illustrated in figure 2.1 below. 

 

 

 

 

 

Figure 2.1: The outcome of software projects with respect to time and budget according to 

Standish Group.  

Standish group has also examined the underlying factors of why the projects are challenged, 

failed and succeed which is outlined in table 2.2 below. 

 
 
 
 
 
 
 
 
 
 
 
 
 

 

Table 2.2: The factors causing projects to fail, be challenged or be successful according to 

Standish Group. 

All factors in the table above except “Lack of Resources” and “Executive Management 

Support” have a direct link to requirements management—which according to their findings is 

the most critical success factor for IT projects. 

The conclusion made by Standish group is confirmed by another large survey conducted by the 

European Commission. They also conclude that the largest issues in software development 

projects where poor requirements specifications and poor requirements management [11].  

There have been numerous other surveys, throughout the evolution of software development, 

studying the main causes of project failures. Almost every survey is pointing in the same 

3. Lack of Resources 

2. Lack of User Involvement 

1. Incomplete Requirements 

Project Failure Factors

3. Lack of Resources 

2. Lack of User Involvement 

1. Incomplete Requirements 

Project Failure Factors

3. Changing Requirements & Specifications

2. Incomplete Requirements & Specifications

1. Lack of User Input

Project Challenged Factors

3. Changing Requirements & Specifications

2. Incomplete Requirements & Specifications

1. Lack of User Input

Project Challenged Factors

3. Clear Statement of Requirements

2. Executive Management Support

1. User Involvement

Project Success Factors

3. Clear Statement of Requirements

2. Executive Management Support

1. User Involvement

Project Success Factors

37%

21%

42% Successful

Failed

Challenged
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direction as the discussion above. With this in mind it is evident that more and better research 

needs to take place in order to address this problem.  

2.2 How can we improve? 

There are certainly many aspects that can be improved to minimise the risk of IT projects to fail. 

In the academic world and in the industry there is an on-going process of finding better 

solutions for addressing these issues. It has been an on-going process for a long time and it will 

probably continue as long as we have IT projects.   

Regardless of how many solutions we have found or how many solutions we will find for 

addressing these issues, the most important task is to communicate what we have learned to 

others in an efficient way. We need to communicate best practices in order for others to reflect, 

learn and build on our ideas. Best practices should be distributed to stakeholders, project 

members, to future projects, to the academic world, etc. that as many people as possible can 

reflect, learn, and grow. 

Visualisation (i.e. modelling) has in all times been an important tool for describing complex 

setups to others. Models communicate someone’s vision in a format which is easy to understand 

and grasp, in contrast to documents and verbal expressions, for example. Also, they support 

project members with different backgrounds and perspectives to understand something they 

might not be familiar with. Models have successfully been used in almost every engineering 

discipline, including construction, physics, mathematics, process reengineering, etc.   

When it comes to requirements management there are few modelling techniques available in the 

industry. As presented in the introduction chapter, the most common modelling technique for 

requirements are use case diagrams which unfortunately only cover a subset of all requirements 

types and their behaviours. With other words, use case diagrams (and other requirements 

modelling techniques available today) are not sufficient for communicating a wide range of 

requirements best practices, due to their limitations.  

One starting point for addressing the question “How can we improve?” is to make sure that we 

have tools in place so we can communicate “how to improve”. One such tool that is missing 

today is a good modelling framework for requirements, which this thesis will try to address. 

2.3 Chapter summary 

Numerous surveys including the well recognised CHAOS report from Standish group have 

shown that poor requirements management has a strong correlation to project failures.  

Despite the fact that this issue has been well known for decades, IT projects still seem to fail 

due to the same issues. The industry and the academic world are continuously taking small steps 

for addressing these issues, but not that much have happened in the last years.  
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One approach for helping driving a change is to introduce a better modelling framework for 

requirements which is something that has been missing in the industry for a long time. Models 

have been proved to be efficient in other engineering disciplines, such as in construction. The 

belief is that models also will have a positive effective for the requirements management 

discipline. 
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3 Requirements 
In this chapter I will present what a requirement is, explain its components and its 

behaviours. The chapter also gives an explanation of requirements traceability and its 

complexity. Reusability, i.e. the creation of requirements templates which can be used 

as a requirements' baseline in future projects, is also covered. 

3.1 What is a requirement? 

Throughout the evolvement of requirements engineering, a requirement has been defined many 

times both by the industry and the academic world. A good example from the standard institute 

IEEE reads as follows [12]:  

A requirement is: 

1. A condition or capability needed by a user to solve a problem or achieve an 

objective. 

2. A condition or capability that must be met or possessed by a system or system 

component to satisfy a contract, standard, specification, or other formally imposed 

document. 

3. A documented representation of a condition or capability as in (1) or (2). 

Another well known definition by the International Institute of Business Analysis (IIBA) is: 

A requirement is a condition or capability needed by a stakeholder to solve a problem or 

achieve an objective. [13] 

As one can read from the definitions above, a requirement is something someone wants 

someone else (e.g. another person or system) to deliver.  

Requirements are normally stated in written text. They should not be ambiguous and they 

should be written in a manner so that they can be understandable and tested, which means that a 

person or a system can understand and verify if the requirement is fulfilled or not. Below are 

some examples of good and poorly written requirements. 

1. “The system shall support at least 1,000 simultaneous users” 

2. “The system shall respond to an arbitrary query in 500 ms”. 

3. “The colour shall be a pleasing shade of green”. 

4. “The system shall be available 24 hours, seven days a week”. 

5. “The system shall export view data in comma-separated format”. 
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As one can see, all requirements except number three is testable. The word “pleasing” may 

have a different meaning for different people and it is therefore impossible to measure if 

requirement three is fulfilled or not. With this in mind requirement number three should be 

rewritten. The other ones are understandable and testable and therefore acceptable. 

Besides a written text, a requirement normally has several other components such as: 

• Type – which characterise requirements based on detailisation level, etc. 

• Name – which is an intuitive name (i.e. a short description) of the requirement. 

• Tag – which gives the requirement a unique identifier. 

• Breakdown structure – which breaks down a requirement into more detailed levels. 

• Attributes – which are indicators that keep track of the requirement’s behaviour 

over time. 

• Packages – which group requirements in arbitrary groups. 

• Templates – which are used for reusing requirements in other projects. 

• Traceability – which tells if a requirement is related to other requirements or other 

project artefacts. 

The components above will be further explained, one by one, in the coming sections. 

3.2 Requirement types 

Requirements can be of different types. There is no rule of which types there should be in a 

project. It is up to the project team to agree on which types to use. Though, the most common 

project methodologies used in the software industry have guidelines of which types to use.  

It is not uncommon to create one type for each abstraction level as a requirement is broken 

down into more detailed requirements (more of this in the coming section 3.5, “A requirement’s 

breakdown structure”). Types can also be created to distinguish functional requirements from 

non-functional requirements, etc. Examples of common types are: needs, stakeholder requests, 

features, non functional requirements, user requirements, system requirements, etc. 

It is common to use an abbreviation for each type used in a project. Some common 

abbreviations are stated below in parenthesis: 

• Stakeholder requests (STRQ) 

• Features (FEAT) 

• Use cases (UC) 
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• Supplementary requirements (SUPL) 

Some of these types in the list above will be furthered explained in section 3.5.1. 

3.3 A requirement’s name  

Each requirement should be assigned a name. The name is a short description of the 

requirement and it should be as intuitive as possible. Consider the requirement, let say, “The 

user shall be able to search for a product via article name or number”, a short and initiative 

name could be “Search for a product”. It is common to start the name with a verb as expressed 

in the example. 

3.4 A requirement’s tag 

Each requirement must be assigned a tag. The tag is an identification number, normally with a 

suffix, which acts as a unique identifier (ID) for the requirement. 

The tag normally comprises three parts: 

1. A short suffix (i.e. abbreviation) which describes the requirement type (cf. section 3.2), 

e.g. STRQ, FEAT, UC, SUPL, etc. 

2. A unique serial number which identifies the requirement within the type. The serial 

number normally begins with the number one for each new type. 

3. An optional unique sub serial number which tells that the requirement is a part of 

another requirement (i.e. a child of a parent requirement; more of this in chapter 3.5.2).  

Following the rules above will create tags like: STRQ001, STRQ002, STRQ003, etc.; 

FEAT001, FEAT002, FEAT003, etc.: UC001, UC001.1, UC001.2, UC002, etc. 

A tag must be unique and it may not be assigned to more than one requirement. Once a 

requirement has been assigned a tag it should never be changed. If a requirement is deleted, its 

tag may not be reused for another requirement. Furthermore, it is strongly recommended that 

the serial number of the tag has no meaning or “intelligence”. It is too often one see that the 

significant number of the serial number of a requirement tag is equal to the iteration or release 

in a project. If this is the case and the requirement is moved to the next release, its serial number 

needs to be changed. A consequence to this is that all specifications and traces between 

requirements need to be updated, which increases the risk that one loses control. 

Another major mistake when it comes to tags is the use of the auto-numbering function in word 

processing applications. If that is the case and one requirement is deleted or added, all the 

following requirements’ tags will be changed, causing disorder. 
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3.5 A requirement’s breakdown structure 

Requirements can be expressed on different detail levels. High level requirements describe in a 

general way what is supposed to be delivered whereas low level requirements further detail the 

higher level requirements (i.e. describe in more detail what is supposed to be delivered). Below 

are three examples of requirements. The first one, REQ1, is a high level requirement whereas 

REQ2 and REQ3 are two low level requirements broken down from REQ1. 

 

 

 

 

 

 

Figure 3.1: An example of a high level requirement broken down into two low level 

requirements. 

High level requirements are often elicited and specified in the beginning of a project whereas 

low level requirements are elicited and specified as the project goes on. High level requirements 

are often imprecise and normally no one could use these requirements as a baseline for 

development. Consequently, high level requirements need to be broken down several times until 

they reach a sufficient detail level. There is no rule of how many breakdown levels one should 

use or how many low-level requirements are needed to detail a higher level requirement. 

Different project methodologies have different approaches. The goal is to find a breakdown 

structure which is detailed enough so that no misunderstandings emerge and that the receivers 

of the requirements (e.g. the development team) have sufficient information to carry out its task. 

Though, the breakdown structure should not have too many levels or be too detailed as it will 

increase administration.  

On a conceptual level, a requirements breakdown structure will emerge as a tree which is 

depicted in figure 3.2. 

 

 

 

 

Figure 3.2: A requirements break down structure with four levels. 

Level 1 

Level 2 

Level 3 

Level 4 
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It is important that the project team agrees on how many levels to use and what detailisation 

level each level should have. Many of the popular project methodologies used today have 

guidelines for this, such as The Rational Unified Process (RUP) which suggests three levels.   

3.5.1 A requirement’s breakdown structure according to RUP 

As mentioned in the precedent section, different project methodologies have different 

recommendations regarding how the requirements breakdown structure should be built up. One 

of the most recognised project methodologies when it comes to IT development is RUP which 

was introduced by the Rational Corporation in 1996. They suggest a breakdown structure of 

three levels, with the following types for each level: 

• Level 1: Stakeholder requests (STRQ) are general requirements which describe the 

stakeholders’ needs on a high level. These requirements are normally elicited in the 

beginning of a development cycle by listening to the different stakeholder’s needs.   

• Level 2: Features (FEAT) are high level functionality that the system shall fulfil. 

Each feature should be derived from the stakeholders’ requests (viz. from level 1).  

• Level 3: Use cases (UC) express in a detailed way how the users interact with the 

system. E.g. use cases tell how the users put and get information to and from the 

system. Each use case should be derived from one or many features (viz. from level 

2). The use cases should be expressed on a sufficient detail level so that they can be 

used by the design and the development team to carry out their tasks.   

The relationships between the three different requirement types in RUP are shown in the left 

part of the figure below; to the right are examples of the requirements' texts. 

 

STRQ1: “The system shall offer functionality 

for buying products.” 

 

FEAT1: “The user shall be able to search for a 

product via article name or number.” 

 

UC1: “Step 1,  The user enters an article  

  name or number. 

  Step 2, The user asks the system to 

  find the product. 

  Step 3, The system presents the  

  product for the user.” 

Figure 3.3: A requirements break down structure according to RUP. 

Level 1: 

Level 2: 

Level 3: 

 Level Relationship Requirement text 
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As one can see from the figure above, the stakeholder requests are successively broken down to 

a level that is suitable for the development team, which according to RUP are use cases. 

3.5.2 Parent–child relationship 

There exists another kind of breakdown in contrast to the one discussed above which is called 

parent-child relationship. This breakdown occurs when a requirement is divided into several 

parts. The “total” requirement is referred to as the parent whereas the parts are referred to as the 

children. In contrast to the breakdown structure discussed above, all children are on the same 

level as the parent. Furthermore, all children need to be implemented in order for the parent to 

be considered as implemented.  

A child requirement has a stronger link to its parent compared to requirements which are related 

cross detailisation levels in the breakdown structure. The child is a part of its parent, whereas a 

requirement on a lower detailisation level is a generalisation of the requirement “above”. It is 

recommended to use the parent-child breakdown to ease management of complex and big 

requirements by dividing them into parts; whereas the traditional break down is used to further 

detail and explain requirements “above”.    

3.6 A requirement’s attributes 

Requirements may be assigned attributes. Attributes are used to keep track of the requirements 

and to show their change in behaviour over time. The attributes have values which should be 

updated as long as the project goes on. In the table below some examples of attributes are 

shown. 

Attribute Value 

Name Alphabetic name 

Customer benefit 0–5 {0 = low; 5 = high} 

Implementation complexity 0–5 {0 = low; 5 = high} 

Priority 0–5 {0 = low; 5 = high} 

Implementation cost Amount 

Owner Name of owner 

Table 3.1: Examples of attributes for describing requirements.  

Different requirement types (cf. section 3.2) may be assigned its own sets of attributes. Though, 

a rule of thumb is that the same requirements within one type should have the same set of 

attributes. As an example, let us assign the attributes from table 3.1 to the feature requirements 

from the example in figure 3.3.  
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FEAT1 

Name Search for product 

Customer benefit 5 

Implementation complexity 2 

Priority 5 

Implementation cost 100 000 

Owner Per Person 

Table 3.2: Examples of attributes describing feature requirements.  

As mentioned earlier, the values of the attributes should not be static; they should be updated as 

long as the project goes on, in order to increase control. 

3.7 Grouping requirements into packages 

Requirements may be grouped into packages. Normally, requirements belonging to the same 

domain or functional area are grouped into the same package. Though, any kind of grouping is 

allowed depending on the needs of the project. Packages make it easy to control similar 

requirements. For example, if all requirements which have to do with, let’s say, privacy, are 

grouped into a package named privacy, it will be more easy to detect if the requirements in that 

package are consistent, not overlapping or have contradictions. Furthermore, if one requirement 

in a package needs to be changed, it is quite likely that more requirements in that package need 

to be changed as well. 

It is allowed to create any number of packages and the packages may overlap, i.e. one 

requirement may belong to several packages. Also, packages may have sub packages which can 

be illustrated with a tree hierarchy. In the figure below a classic package-hierarchy for non 

functional requirements is shown [14]. 

 

 

 

 

 

Figure 3.4: Examples of packages and sub packages of requirements. 

3.8 Requirements templates and reusability 

The work of setting up tags, a breakdown structure and attributes, etc. (which can take quite a 

time) may be reused in other similar projects, in order to save time and to reduce risk. Normally 

one creates something called requirements templates (or cards) [14] which may be used for 
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creating instances of requirements (i.e. actual requirements). For example, consider a project 

where we have feature requirements with a tag structure and an attribute set according to the 

example in figure 3.3, a template for creating feature requirements could look as depicted in 

table 3.3.  

FEAT<state number> Value 

Name <state a name> 

Customer benefit <state benefit> 

Implementation complexity <state complexity> 

Priority <state priority> 

Implementation cost <state implementation cost> 

Owner <state owner> 

Table 3.3: Examples of a requirement template.  

Using the template above for creating new feature requirements could, for example, result in 

actual requirements as depicted below. 

FEAT2 

Name Pay for product 

Customer benefit 5 

Implementation complexity 4 

Priority 5 

Implementation cost 200 000 

Owner Steve Stevenson  
 

FEAT5 Value 

Name Track order 

Customer benefit 4 

Implementation complexity 2 

Priority 4 

Implementation cost 3 

Owner Steve Stevenson 

Table 3.4: Examples of actual requirements created from the requirement template in 

table 3.3. 

3.9 Requirements traceability 

Requirements can be dependent on other requirements and other project artefacts, such as 

blueprints, flow charts, business rules, test cases, etc. These dependencies create a network of 

links which need to be managed throughout the whole lifecycle of a project. 

Dependencies between requirements normally emerge in the breakdown of a requirement, but 

can also emerge on an ad hoc basis, cross the breakdown structure.  

In case of a breakdown, all subsequent requirements will be dependent on its originator. 

Therefore, if a requirement needs to be changed or removed from a project it is of great 
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importance to look at the precedents to see if they need to be changed or removed as well, and 

vice versa.  

A requirement can also be dependent on a requirement that is not involved in a direct 

breakdown of a precedent requirement. Consider for example requirement REQ3 from figure 

3.1. This requirement may be dependent on another requirement that has nothing to do with the 

breakdown of a preceding or subsequent requirement. Let say that we have a requirement in 

another part of the breakdown structure which is expressed as follows:  

REQ5 “The user must be logged in to the system in order to pay for a product”.  

This requirement will definitively be dependent on REQ3, because both requirements are 

dealing with the system’s payment procedure. Despite the clear relationship, these two 

requirements do not have a direct breakdown relationship. This ad hoc dependency is 

conceptually illustrated in figure 3.5. 

 

Figure 3.5: An ad hoc dependency crossing the breakdown structure (illustrated with a 

dashed line).  

In a project it is not uncommon to have hundreds or even thousands of different artefacts 

(requirements and other documents, etc.) helping the project team to achieve its goal. Many of 

these artefacts will be dependent on each other. This means that if any of a project’s artefacts 

are changed it is very likely that some requirements or other project artefacts need to be 

changed as well, and vice versa. Figure 3.6 shows an example where REQ3 is dependent on 

several other requirements and project artefacts. 

 

 

 

 

 

Figure 3.6: An example of requirements and their dependencies to other requirements and 

project artefacts.  

 

 

Requirements Other project artefacts 
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Many of these dependencies need to be managed in order for the project team to not lose control 

over the project. This is accomplished by a method named requirements traceability which is an 

approach to formally set up traces between the artefacts one wants to have control over. 

Consider the example in figure 3.6; in this case it could be appropriate to set up formal traces 

according to the dependencies shown with solid lines in the figure. If one artefact is changed, it 

is just to follow the trace (i.e. the solid line in the example) to the other artefacts and scrutinise 

them to see if they need to be changed as well. 

Traces can be of different types and are often managed via traceability matrixes. Both these 

concepts are discussed in the two coming sub sections. 

3.9.1 Trace types 

Traces can be of different types. It is up to the project team to decide which trace types to use. 

Also, it is not uncommon to create ad hoc trace types for a specific project. Though, there are 

some well-known trace types which one can find in several project methodologies; the most 

common are listed below: 

• Trace-to – Indicates that a requirement is dependent on another requirement, 

somehow. The relationship can be cross the breakdown structure. The direction of 

the trace is pointing towards the requirement which the requirement is dependent 

on. Normally this is graphically illustrated with an arrow showing the direction of 

the trace.     

• Trace-from – The opposite of trace-to. This trace says that there is another 

requirement that is dependent on the current requirement. 

• Parent–child – This trace tells that the current requirement is a part of (e.g. a sub 

component) of another requirement (cf. 3.5.2). 

• Pre-trace – A pre-trace is a special trace from the requirements stated in the 

requirements specification to the stakeholders [15].  

• Direct trace – A direct trace points to requirements and artefacts that are 

immediately dependent on the current requirement, which means that there is a 

direct trace to that requirement or artefact. 

• Indirect trace – An indirect trace is a trace that is not formally stated but that 

emerges when one follows the trace-line of more than one direct trace, see figure 

3.7 for an example. 
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Figure 3.7: An example of direct and indirect traces.  

3.9.2 Traceability matrixes 

In order to maintain and manage traceability in a project it is common to set up something 

called traceability matrixes. The first row in the matrix contains all the tags (and sometimes the 

names) of the requirements and artefacts one would like to trace. As with the first row, the first 

column also contains the tags of all requirements and artefacts one would like to trace in the 

project. The intersection between the rows and the columns in the matrix indicates if there is a 

trace between the two artefacts. Normally one plots out an arrow in the intersection which tells 

in what direction the trace is leading (i.e. trace-to or trace-from). Consider figure 3.8 for an 

example. 

 

 

 

 

 

 

Figure 3.8: A traceability matrix. The arrows show the direction of the trace.    

Figure 3.8 above shows for example that requirement FE2 have traces with the requirements 

FE1, FE4 and FE6. 

After setting up the matrix it is quite convenient to use it for finding “suspect” requirements and 

artefacts that need to be checked if a change occurs. Just follow the row or column of that 

requirement to find suspected artefacts. Figure 3.9 shows an example where requirement FE2 is 

changed which leads us to check the suspected requirements FE1, FE4 and FE6.   

 

 

STRQ 1 Requirement

FEAT 4 Requirement

UC 24 Requirement

Direct trace

Indirect trace

Direct trace
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Figure 3.9: Tracking changes in a traceability matrix. 

Adding all requirements and other artefacts to the matrix may create a huge unmanageable 

matrix with thousands of columns and rows. Therefore it is recommended to set up several 

matrixes. For example, the project methodology RUP recommends setting up different matrixes, 

one for each intersection of two types: STRQ x FEAT and FEAT x UC. Matrixes could also be 

used for tracing requirements to other project artefacts, etc.     

Traceability matrixes will be further exemplified in chapter 7.1. 

3.10 Chapter summary 

The chapter described all the main components of a requirement, such as name, tag, breakdown 

structure and traceability, etc. The knowledge gained in this chapter will lead us to create a 

modelling approach for each component, which chapter 6 will tell us about.

FE2 changes
FE2 changes

Trace down to FE1
Trace down to FE1

Trace up to FE4
Trace up to FE4

Trace up to FE6
Trace up to FE6
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4 Patterns 
This chapter will go through the general concept of patterns and show how patterns can 

be created for requirements traceability. The chapter will also discuss the problem 

which emerges when modelling traceability patterns due to the lack of a complete 

modelling framework for requirements. 

4.1 What is a pattern? 

Patterns have been identified and used since the dawn of mankind. We are experts of finding 

patterns in our daily life and learn from them to avoid doing mistakes we already have done. We 

are also good at communicating these patterns to others so they can learn. E.g. a mother tells her 

children what to do and not, based on her experience. It would be very risky and fatal if the 

children had to try and error everything in order to learn. 

Finding and verbally communicating patterns is an obvious and informal approach that happens 

on a daily basis in everyone’s life. Though, the concept of formally naming, writing down and 

distributing patterns is quite a new concept. It all began in the architecture industry where the 

architect Christopher Alexander in 1977 started to write down architectural patterns which 

others could use as best practices [16]. His pattern concept was then copied to other industries. 

In computer science, patterns have been widely spread to communicate best practices to others; 

as an example, in object oriented programming, one can find design [17] and GoF [18] patterns 

which are widely used and accepted.   

Patterns normally comprise a textual and a visual part. The textual part describes the problem 

and proposes a solution, whereas the visual part is a diagram which clarifies the textual part.  

The textual part normally consists of four sub-parts:  

• Name – A name which in an intuitive way describes and identifies the pattern. 

• Problem – A text which describes the background and the problem which the 

pattern is intended to solve.  

• Context – A description of where and when the pattern is applicable. 

• Solution – The proposed solution of the problem stated above.  

The visual part depicts the pattern and clarifies the content of the textual part. E.g. when using 

Design patterns for describing solutions in object oriented programming the textual part often 

comes with an illustrative UML diagram. (UML diagrams will be further explained in chapter 

5.1.) Figure 4.1 gives an example of the visual part of the Observer design pattern [19] in object 

oriented programming. 
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Figure 4.1: An example of the visual part of the Observer design pattern. 

4.2 What is a traceability pattern? 

As mentioned in the previous section, patterns have been adopted in several engineering 

disciplines. Consequently, patterns have proven to have a good effect for communicating best 

practices to others in almost any problem domain. 

Requirements traceability is a discipline that is too seldom used in requirements management. 

One of the main causes of this, which was discussed in the introduction of this thesis, is that 

there are no accepted best practices for requirements traceability in the industry today. 

My supervisor came up with the idea of creating traceability patterns which could be used to 

spread traceability best practices to the software industry and the academic world. 

As for any pattern, the traceability patterns follow the same schema as presented in section 4.1.  

Three examples of traceability patterns are shown below. 

Name Set up traceability from use cases to over and underlying 

requirements. 

Problem Requirements are normally broken down from higher level 

requirements into lover level requirements. Use cases are often 

detailed after one or two break downs. Though, it is too common that 

projects do not set up and maintain traceability to over and underlying 

requirements. 

Context The pattern is applicable in all projects which apply use cases and that 

have over and underlying requirements. 

Solution For each use case created, make sure to trace to the overlying 

requirement from which the use case was broken down from. Also, 

for each underlying requirement, make sure to create a trace to the use 

case from which the requirement was broken down from. 

Table 4.1: An example of a traceability pattern. 
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Name Adapt pre-traceability 

Problem Requirements are normally traced from the lowest level to the highest 

level in the requirements breakdown structure. Though, requirements 

are seldom traced to the very origin of the need, which are the 

stakeholders. In case of a change in one or many requirements, it is 

important to trace to dependent requirements in order to see if they 

need to be changed as well. When rewriting the requirements that 

need to be changed it is not uncommon for the project team to 

interpret and rewrite the requirements incorrectly due to a lack of 

understanding of the original need which was stated by the 

stakeholders. 

Context The pattern is applicable for all requirements in any project. 

Solution Adapt pre-tracing. Pre-tracing is a method for setting up traceability 

to the stakeholders. This means that if one or many requirements are 

changed, the project team can trace from the requirement to the 

stakeholders who came up with the requirement in order to check and 

quality assure the consequences of the change. 

Table 4.2: An example of a traceability pattern. 

 

Name Define where to apply traceability 

Problem Setting up traceability for all requirements in a project can be very 

cost some in terms of administration. Managing traceability for 

thousands of requirements can in the end drain the benefits of having 

traceability.   

Context The pattern is applicable in larger projects with thousands of 

requirements. 

Solution Prioritise and agree on which requirements that should be traceable 

and which that should not. The prioritisation could be based on 

requirement type or package, etc.  

Table 4.3: An example of a traceability pattern. 

The three examples above are only presented with the textual part of a pattern. The illustrative 

part is missing due to the lack of a good modelling framework for requirements. The dilemma is 

further discussed in the coming section.     
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4.3 The dilemma of modelling traceability 
patterns  

In the early work of this thesis, I and my supervisor realised that the requirements diagrams 

available in the software industry where not sufficient for depicting the visual part of a 

traceability pattern. The most widely used framework for requirements is UML’s use case 

diagrams but these diagrams are not complete in the sense of the ability of modelling a 

requirement’s whole life cycle, such as its breakdown structure and its dependencies to other 

project artefacts, such as processes diagrams and test cases, etc. Use case diagrams focus on 

describing the user’s requirements but omit the connection to over and underlying requirements 

such as overlying needs and underlying system requirements, etc. 

Below are some issues with UML’s current requirements diagram which makes them not 

suitable for depicting requirements traceability patterns. 

• It is not possible to depict different types of requirements (cf. chapter 3.2). The 

current diagrams focus on a set of predefined types such as use case requirements. 

Also, it is not uncommon that a project team defines tailor-made types, but these 

types cannot be depicted in the current diagrams. 

• It is not possible to visually depict requirement attributes and how they change over 

time (cf. chapter 3.6). 

• It is not possible to depict different types of traces, such as parent-child, trace-to 

and trace-from, etc. (cf. chapter 3.9.1). 

• It is not possible to depict packaging of requirements (cf. chapter 3.7). 

• It is not possible to depict templates from which requirements can be created (cf. 

chapter 3.8). 

With these issues in mind it is time to look at the current modelling techniques to see how they 

can be adapted for bridging the gap; which leads us to next chapter.
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5 Modelling languages 
In this chapter the Unified Modelling Language (UML) is introduced. Three UML 

diagrams, which have relevance for this thesis are described and exemplified. The 

chapter also discuss how two of these diagrams are adaptable for modelling any 

domain. Some critical changes for use case diagrams which were introduced in UML 

2.0 are also discussed. 

5.1 What is UML? 

Models have in all times been important for communicating complex circumstances and ideas to 

others. They communicate someone’s vision in an easy and understandable format which 

decreases misinterpretations in projects. Also, they help project members with different 

backgrounds and perspectives to understand something they might not be familiar with. 

There is a great variety of modelling languages in all engineering disciplines. In computer 

science, the Unified Modelling Language (UML) [20] has become the most dominant one. The 

UML was invented by the Rational Software Corporation in 1994 as an attempt to unify some 

of the most popular modelling languages on the market and to create an industrial standard. To 

succeed with this, Rational made the UML open to everyone and let the Object Management 

Group (OMG), a consortium comprising almost every large company in the computer industry, 

take on the stewardship of UML. Like any defined technology there has been a lot of 

speculations, since its adoption by the Object Management Group (OMG), if UML will be the 

leading modelling language [21]. Though, UML is still the most recognised modelling language 

when it comes to IT. 

Today, OMG is responsible for the further development of the UML language. Their UML 2.0 

Infrastructure Specification [21] is recognised as the de facto specification of UML and will 

therefore be used as the main UML reference source for this thesis. 

5.2 Adapting UML for a certain domain 

The UML has its own definition which is as follows:  

“The Unified Modeling Language is a visual language for specifying, constructing 

and documenting the artifacts of systems. It is a general-purpose modeling language 

that can be used with all major object and component methods, and that can be 

applied to all application domains (e.g., health, finance, telecom, aerospace) …” 

[22].  

The definition tells that UML is a “general-purpose modelling language” which can be applied 

to all application domains—if the domains artefacts are seen as objects or components. 

Consequently, and according to the definition, it should be legitimate to apply UML for 
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modelling the application domain requirements if requirements are seen as objects or 

components. This finding is simple but will be used as the main foundation for defining a new 

complete modelling framework for requirements.  

5.3 UML diagrams relevant to this thesis 

UML is a comprehensive modelling framework comprising thirteen standard diagram types, all 

illustrating different views or aspects of a system. Describing them all would require a book. In 

this thesis three are of great importance: the use case diagram, the class diagram and the object 

diagram, which all will be further explained in the three coming sections. 

5.3.1 Use case diagrams 

The use case concept comprises two parts:  

1. Use cases specifications, and 

2. Use case diagrams.  

The use case specifications (1) are text documents describing a system’s use cases (i.e. the 

requirements) a system should fulfil. Each use case is built up by a scenario where they describe 

the different steps an actor (e.g. a user or system) takes in order to get or leave information from 

or to a system. They are written through an iterative process usually in collaboration between 

the project team and the stakeholders (e.g. the customer). For an example of a use case, recall 

figure 3.3 in chapter 3.5.1. 

The use case diagrams (2) depict the actors and how they are interacting with the system’s use 

cases. The actor is normally depicted as a stick figure whereas the use case is modelled as an 

ellipse holding its name. The interaction between the actor and the use case is modelled as a line 

connecting the both. Figure 5.1 gives an example of a bank system, where two actors, customer 

and cashier, are interacting with three use cases: review account, request account and open 

account. 

  

 

 

 

 

Figure 5.1: A use case diagram where actors are interacting with three use cases. 
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The diagram in the figure above tells that the customer may request and review an account 

whereas the cashier may review and open an account. 

It has been evident for a long time that a scenario driven approach eases the capturing process of 

the customer’s requirements; hence, use cases have become very popular for describing 

requirements and are today often used as requirements specifications in software projects.  

Though, the root problem seems to be that organisations finally understand use case engineering 

but are still unable to bridge the gap of connecting them to upper and lower level requirements 

and documentations. For example, creating a link from a use case requirement to the original 

need or the underlying system requirement is still an inconsistent informal approach. The reason 

to this may be that the use case diagrams are very limited as they only support methods for 

modelling use case requirements and not other types of requirements.   

5.3.2 Class diagrams 

The class diagram is the main building block of object oriented modelling. It is used for general 

conceptual modelling [21]. It describes a static overview of any domain’s entities and their 

relationships. The diagram describes the overall structure of a system by showing the systems 

classes (i.e. entities), attributes, methods and relationships among the classes. Class diagrams 

can be used for many purposes including conceptual domain modelling and detailed design 

modelling. For example, a class diagram can be used for modelling classes in a hospital such as 

how the class “doctor” is related to the class “patient”, and how the class “patient” is related to 

the class “journal”, etc. Furthermore, another class diagram can be used for describing entities 

in objected oriented programing where it can describe how certain classes are related to each 

other.       

In UML a class is defined as: 

“A classifier that describes of a set of objects that share the same specifications of 

features, constraints, and semantics.” [21].   

A class is modelled in UML as a square with three compartments. The top compartment 

contains the class name, the middle attributes and the bottom operations.  

A class may be related to other classes, by some means. A relationship is drawn with a line 

connecting one class with another. The line may be assigned a name which tells what the 

relationship is about (e.g. class A “uses” class B, etc.). Also, on each end of an association there 

may be a multiplicity- and a navigability notation. The multiplicity notation tells how many 

instances of one class that is associated with another and the navigability notation tells in which 

direction the association is valid.  

There are some predefine relationships in UML such as: generalisation, dependency, 

aggregation and composition. These four relationships will be further explained in chapter 6.2.3 

where they will be used for modelling different kinds of traces between requirements.  
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Figure 5.2 gives an example of a UML class diagram for describing boats. Three classes are 

modelled in this example: hull, sail and mast. The multiplicity notation tells that the hull may 

have several masts (indicated by the star sign) but the mast may only belong to one hull. 

Furthermore, the mast may only have one sail and the sail may only belong to one mast. The 

classes also have attributes, e.g. the hull is built up of some kind of material and has a colour. 

One class, the mast, has an operation which illustrates that it is possible to hoist a sail. 

-Materail

-Colour

Hull

+HoistSail()

-Material

-Colour

Mast

-Type

-Material

-Colour

Sail

*1

1

1

Multiplicity notation

Navigability notation

 

Figure 5.2: Example of a UML class diagram describing a generalisation of a boat. 

As mentioned above, the class diagram describes a static overview of a domain’s entities. The 

next step is to create instances using the class diagram; in the example above, it would mean to 

create actual boats. These instances, derived from the class diagram, are modelled with help of 

UML object diagrams which are described in the next section.   

5.3.3 Object diagrams 

An object diagram is related to a class diagram and illustrates instances of classes and their 

relationships, at a point in time. Sometimes it may be useful to draw an object diagram to 

illustrate a real life example of a class diagram. An object can be seen as an “individual” 

whereas the class describes the characteristics of the group of “individuals”. The class diagram 

is static whereas the object diagram may change over time, depending on how the objects (e.g. 

individuals) are changing in their behaviours. The object diagram can be used to show the 

complete picture of all objects or just a sub set of them. 

An instance of a class is referred to as an object and is illustrated with a two compartment 

square. The top compartment contains the unique object name together with the class name 

from which the object was instantiated. The bottom compartment contains attributes derived 

from the corresponding class, where each attribute is assigned a value. 

Figure 5.3 shows an example of an object diagram derived from the corresponding class 

diagram illustrated in figure 5.2. 
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Figure 5.3: UML object diagram 

In this example we have created a boat with a yellow hull made of wood which have a brown 

wooden mast and a white spinnaker.  

In the same way, we could use the same class diagram to create as many different kinds of boats 

as we would like to. This approach makes the class diagram act like a template for creating 

boats. 

5.4 The change of use case diagrams in 

UML 2.0 

Changes in the UML 2.0 specification (compared to earlier versions of UML) indicate a 

clarification on the future nature of traditional use case diagrams. The indication is that the use 

case notation now can be replaced by use case classes. 

As an example, the traditional use case diagram depicted in section 5.3.1 may in UML 2.0 be 

depicted as class diagram, which is shown to the right in the figure below.   

 

 

 

 

 

Figure 5.4: Traditional use case diagram (left) modelled as a class diagram (right)  

Also note the new icon in the upper right corner of the class diagram (to the right) which 

indicates that the class may be depicted as an ellipse (as shown in the “traditional” diagram to 

the left in figure 5.4). As a matter of fact, any class in UML 2.0 may have an icon and can be 

substituted with that icon from a modelling perspective. 
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This critical change in UML 2.0, which allows use case diagrams to be modelled as class 

diagrams, opens up new possibilities for modelling and extending the use case diagram. Also, 

the relationship between a use case and its subject has been made explicit. These new changes 

will dramatically change how one may look upon use cases, which will be further elaborated in 

the next chapter. 

5.5 Chapter summary 

This chapter explained and exemplified three different kinds of UML diagrams. We saw how a 

class diagram could be seen as a template for creating any kind of objects in any domain. 

We also looked at the use case diagram which today is the most popular diagram for modelling 

requirements. Despite its popularity, it is evident that the diagram has many limitations, such as 

the ability to model upper and lower level requirements.  

The change in UML 2.0, regarding how one may look upon use case diagrams, was also 

discussed. Use cases may from now on be seen as classes which dramatically changes the 

modelling opportunities of the use case diagram.     

The conclusion of this chapter leads us into the next chapter where we will try to overcome the 

requirements modelling issue by using the diagrams and findings discussed so far. 
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6 Introducing a new framework 
for modelling requirements 

In this chapter a new framework for modelling requirements, traceability and patterns 

is introduced. The chapter will, step by step, show how the most important components 

of a requirement can be modelled using this new approach.  

6.1 The approach 

In the coming sections a new approach of modelling requirements in UML will be introduced 

and tested. In section 5.2 we could read that UML is an adaptive modelling language widely 

used for describing various application domains. Despite this, UML has not (as far as I know) 

been explicitly used for modelling a generic requirements domain. Therefore, it is the objective 

of the following sections to show how requirements—of any type—and their components can 

be modelled in UML.  

The next step is to investigate if UML has the capability of modelling requirements and their 

traces. To be more precise, UML must at least be able to model the most important components 

of a requirement (which were outlined in chapter 3): 

1. Requirements templates (cf. chapter 3.8). 

2. Requirements, of any type (cf. chapter 3.2). 

3. A requirement’s name (cf. chapter 3.3). 

4. A requirement’s tag (cf. chapter 3.4). 

5. A requirement’s attributes and its values (cf. chapter 3.6). 

6. Traceability to other requirements and other project artefacts (cf. chapter 3.9).  

7. Different types of traceability (cf. chapter 3.4.1). 

8. A requirement’s breakdown structure (cf. chapter 3.5). 

A prerequisite to succeed with the above (and in accordance with the definition of UML in 

chapter 5.2) is that requirements are seen as objects or components. 

When thinking of requirements as objects, it leads us to the assumption that UML’s object and 

class diagram could have the potential of modelling the above. 
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As a small test to see if UML has the potential of modelling the above, is to check with the 

UML 2.0 Infrastructure Specification where one can read that UML’s classes and objects have 

the following characteristics: 

• “A class describes a set of objects that share the same specifications of features, 

constraints, and semantics.” 

•  “Classes have attributes and operations and participate in inheritance hierarchies” 

• “The instances of a class are objects” 

• “Objects of a class must contain values for each attribute that is a member of that class, 

in accordance with the characteristics of the attribute, for example its type and 

multiplicity.” 

• An object is “an entity that has unique identity” 

• “An association declares that there can be links between instances [i.e. objects].” [23] 

When comparing the characteristics above with the definition of a requirement (cf. chapter 3.1) 

and the definition of a requirement template (cf. chapter 3.8), similarities emerge. First, the 

characteristics of an UML object matches well the characteristics of a requirement, e.g. both 

have a unique identity, a set of attributes and associations (i.e. traces). Second, the 

characteristics of a UML class matches well with the characteristics of a requirement template 

as they both define the characteristics of its instances.  

The conclusion is that that UML's class and object diagrams have the potential of becoming a 

foundation of a modelling framework for requirements and their traces. In the coming sections 

the idea is further elaborated. In these sections requirement templates will be modelled as UML 

classes, requirements as UML objects, and traces as UML relationships. 

6.2 Adapting UML’s class and object 
diagrams for creating a new framework 

In this section I will show how all the main components of a requirement, which where stated in 

chapter 3.1, can be modelled using UML’s class and object diagrams.  

The following sections will introduce a set of definitions which will build up the new modelling 

framework. 

6.2.1 Modelling requirement templates 

Requirement templates will be modelled using UML classes. The following definition is 

introduced to the new framework. 
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Definition 1: The UML class notation is used for modelling requirement templates [cf. 

chapter 3.8]. The template is modelled as a two compartment square. The top compartment 

holds the requirement type [cf. chapter 3.2] and name [cf. chapter 3.3]; the bottom 

compartment holds the requirement’s attributes [cf. chapter 3.6]. 

Figure 6.1 shows how a requirement template is modelled (in contrast to regular UML class).  

The class name and attributes are substituted with the requirement’s name and attributes. Also, a 

UML stereotype is created for each requirement type (cf. chapter 3.2). 

 

Figure 6.1:  A UML class (to the left) in contrast to a requirement template (to the right).  

A more illustrative example is given in figure 6.2 where the template from the example in table 

3.3 in chapter 3.8 is modelled. A stereotype for feature requirements is created, the template 

name is set to “FEAT” and attributes are assigned. 

 

 

 

 

 

 

Figure 6.2: A requirement template modelled as an UML class. 

Different templates can successfully be created for different types of requirements. Figure 6.3 

gives two more examples where templates for stakeholder requests and use cases are modelled. 

Note that each template may have its own set of attributes. 

 

 

 

Figure 6.3: Templates for stakeholder requests and use cases. 

As said before, the objective is to create a wide repository of templates which can represent the 

different requirement types in a project.  

The next section tells how these templates (such as the ones exemplified above) can be used for 

defining actual requirements. 

-Name

-Stakeholder

-Priority

-Owner

«stakeholder requests»

STRQ

-Name

-Priority

-Implementation status

-Owner

«use case»

UC
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6.2.2 Modelling requirements 

In the preceding section, a requirement template was modelled as a UML class which leads us 

to model a requirement as an UML object: 

Definition 2: The UML object notation will be used for modelling requirements. 

Moreover, each requirement is an instance of a requirement template (see definition 1). A 

requirement is modelled as a two compartment square. The top compartment holds the 

requirement template name together with the requirement tag [cf. chapter 3.4] separated by 

a colon. The bottom compartment holds the requirement’s attributes (derived from a 

template created in accordance to definition 1) with assigned values. 

Figure 6.4 shows how a requirement is modelled (in contrast to a regular UML object).  The 

UML object name and the attribute values are substituted with the requirement’s name and its 

attributes' values. 

 

 

 

Figure 6.4: A UML object (to the left) in contrast to a requirement (to the right). 

Figure 6.5 below gives a more illustrative example of three requirements modelled according to 

definition 2. The requirements are instances from the templates in figure 6.2 and 6.3 in the 

previous section. The requirements have been given unique tags and values have been assigned 

to the attributes. 

 

 Figure 6.5: Requirements as UML objects. 

In order to get a more clean model it is allowed to suppress the stereotype and the template 

name if one wants to, as depicted in figure 6.6. 
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Figure 6.6: Requirements as UML objects (with hidden stereotypes and template names). 

6.2.3 Modelling traceability 

Traces between requirements can be modelled using UML's relationships. In contemporary 

requirements traceability tools (such as RequisitePro), only three types of traces are available: 

trace to, trace from and parent-child (cf. chapter 3.9.1). The first two ones can be modelled 

using UML's dependency relationship, and the latter using UML's composite aggregation 

relationship. Though, as discussed in chapter 3.9.1, there exist other types of traces than these 

three and an analyst can come up with any type of traces as long as they are suitable for the 

project.  

UML has a wide spectrum of relationships and many of them can for sure be used for modelling 

different types of traces; though, only the most obvious and straight forward ones are discussed 

in this thesis. If UML's predefined types are not sufficient, UML's association relationship is a 

generic one which can be used to model any generic type of trace. 

6.2.3.1 Modelling trace-to and trace-from  

In UML a dependency is defined as: 

“A relationship between two modeling elements, in which a change to one modeling 

element (the independent element) will affect the other modeling element” [21] 

The above agrees with the trace-to and trace-from definition in chapter 3.9.1. Therefore, the 

following definition will be used when modelling these traces with the new framework:  

Definition 3: The UML dependency notation is used for modelling trace-to and trace-from 

traces. Moreover, and according to the UML definition, such traces are modelled as a 

dashed line with an arrow where the arrow indicates where the trace is going (i.e. from or 

to).  

Figure 6.7 depicts how trace-to and trace-from traces are modelled according to the definition 

above.  

 

 

Figure 6.7: T2 trace-to T1 (and T1 trace-from T2) modelled as an UML dependency. 

Attribute 1 = Some value

Attribute 2 = Some value

Attribute N = Some value

T1

Attribute 1 = Some value

Attribute 2 = Some value

Attribute N = Some value
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Figure 6.8 gives a more illustrative example where requirement FEAT3 traces to requirement 

FEAT5 (and FEAT5 traces from FEAT3). 

 

 

 

 

 

Figure 6.8: A more illustrative example of trace-to and trace-from. 

6.2.3.2 Modelling parent-child 

UML defines composition aggregation as follows: 

“a form of aggregation which requires that a part instance be included in at most one 

composite at a time, and that the composite object is responsible for the creation and 

destruction of the parts.” [21] 

A composite relationship means that the associated requirement is a part of a parent 

requirement, which is aligned with a parent-child relationship (cf. 3.5.2). The following 

definition will be used for modelling such traces: 

Definition 4: The UML composition aggregation notation is used for modelling a parent-

child relationship between two requirements [cf. 3.5.2]. The trace is modelled as a solid 

line with a solid diamond pointing from the child (i.e. the part) requirement to the parent 

(i.e. the whole) requirement. 

Figure 6.9 gives an example. 

 

 

Figure 6.9: Composition Aggregation: requirement T2 is a child of requirement T1. 

6.2.3.3 Aggregation 

In UML, aggregation is defined as:  

“a special form of association that specifies a whole-part relationship between the 

aggregate (whole) and a component part.” [27]  

Consequently, aggregation can be used for describing that one requirement is a part of another 

requirement, where the part is stand alone. For example, if requirement A is to build a fleet and 

requirement B is to build a boat, then requirement B is a standalone requirement which is a part 

Attribute 1 = Some value

Attribute 2 = Some value

Attribute N = Some value

T1

Attribute 1 = Some value

Attribute 2 = Some value

Attribute N = Some value

T2
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of requirement A. In other words, the boats are standalone requirements which need to be built 

in order to meet requirement A. Though, in contrast to definition 3, these requirements may 

belong to other parent requirements as well; in this case, another parent requirement could be to 

build a convoy. 

The following definition will be used when modelling a requirement which is a standalone part 

of another: 

Definition 5: The UML aggregation notation is used for modelling a trace between two 

requirements where one of them is a standalone part of another. Moreover, this trace is 

modelled as a solid line with a hallow diamond pointing from the child (i.e. the standalone 

part) to the parent (i.e. the whole). 

Figure 6.10 gives an example where a requirement T2 is a part of a requirement T1. 

 

Figure 6.10: Aggregation: requirement T2 is a standalone part of requirement T1. 

6.2.3.4 Association 

The UML defines an association as: 

“A relationship that may occur between instances of classifiers [i.e. requirements]” [26] 

The UML association is used for modelling generic relationships between entities and will 

therefore be used to model generic traces of any type between requirements (cf. chapter 3.9), 

which the following definition tells: 

Definition 6: The UML association is used for modelling generic traces of any type 

between requirements. With generic means that the UML association relationship can be 

customised to match a certain type of trace [cf. 3.9]. When modelling a generic trace, the 

trace should have a name, telling what the trace is about, and it is drawn with a line 

connecting the requirements. The navigability notation indicates the direction of the trace. 

Figure 6.11 gives an example of how a generic trace between requirements is modelled 

according to definition 6. 

 

Figure 6.11: Example of a generic trace between requirements. 
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6.2.4 Modelling packages  

If a project consists of hundred or even thousands of requirements it may be appropriate to find 

a way to organise them. As we could read in chapter 3.7, it is common to group requirements 

into packages. This approach leads us to the next definition. 

Definition 7: Requirements packages will be modelled using UML packages. A package is 

modelled as a square with a tab in the top left corner naming the package. Furthermore, 

packages may have traces to other packages according to definition 3–6. 

Figure 6.12 gives an example of definition 7, where three requirements, FEAT1, FEAT2 and 

FEAT4 are grouped together with their traces into a package named “Package A”.  

 

Figure 6.12: Requirements grouped in a UML package.      

Moreover, it is possible to set up traces between packages (using the trace definitions 3–6 

above), which is illustrated in the figure below. 

 

 

 

Figure 6.13: A trace between packages 

6.3 Chapter summary 

This chapter introduced a new modelling framework for modelling requirements, traceability 

and patterns in UML. The chapter started with a test to see if UML’s class and object diagrams 

where sufficient for reaching the goal. The conclusion was that they were. All main components 

of a requirement (which were stated in chapter 3.1) were modelled. Each new modelling 

approach was assigned a definition building up a framework with a total of seven definitions. 

The definitions and their corresponding shapes are summarised in appendix A – definition and 

shape summary. 
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7 Using the framework 

This chapter will show how the framework introduced in chapter 6 can be applied for 

modelling requirements, traceability and traceability patterns in practice. The chapter 

begins with a conceptual example followed by two real life examples. The chapter ends 

with an example showing how traceability patterns can be modelled. 

7.1 A conceptual example 

In this section I will give a conceptual example of how one can use the techniques introduced in 

chapter 6 to model requirements and their traces.  

Consider a project following the RUP methodology (cf. 3.5.1). The breakdown structure 

comprises three levels with the following requirement types: stakeholder requests (STRQ), 

features (FEAT) and use cases (UC). The example project's goal is to create an intranet and the 

requirements are outlined in the table below.  

Stakeholder requests (STRQ) 

Tag Name 

STRQ1 Maintain security 

STRQ2 Post information 

STRQ3 Find information 

STRQ4 Integrate with booking system 

Features (FEAT) 

Tag Name 

FEAT1 Login and logout from system 

FEAT2 Manage entry 

FEAT3 Search for entry 

FEAT4 Post information from booking system 
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Use cases (UC) 

Tag Name 

UC1 Login to system 

UC2 Logout from system 

UC3 Create entry 

UC4 Update entry 

UC5 Delete entry 

UC6 Search for entry 

UC7 Get information from booking  

Table 7.1: Example of written requirements 

The traces between the requirements are outlined in the two traceability matrixes (cf. 3.9.2) 

below. The first matrix (see table 7.2) outlines the traces between stakeholder requests (level 1) 

and features (level 2). The second matrix (see table 7.2) outlines traces between features (level 

2) and use cases (level 3). 

 STRQ1 STRQ2 STRQ3 STRQ4 

FEAT1 

�    
FEAT2 

 �   
FEAT3 

  �  
FEAT4 

   � 
Table 7.2: Traceability matrix for STRQ to and from FEAT. 

 FEAT1 FEAT2 FEAT3 FEAT4 

UC1 

�    
UC2 

�    
UC3 

 �   
UC4 

 �   
UC5 

  �  
UC6 

  �  
UC7 

   � 
Table 7.3 Traceability matrix for UC to and from FEAT. 

As one can see when looking at the tables above it is not that easy to get a clear picture of the 

requirements' relationships. Hopefully, the new modelling framework will help us. 
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In order to model the example above we will use a two steps approach. In step 1 we will define 

requirements templates which will be used in step 2 for creating the actual requirements. 

7.1.1 Step 1, defining requirements templates 

First we need to define requirements templates for our project. (Hopefully, some of these 

templates have already been defined in prior projects and can therefore be reused). From the 

project description we need to set up templates for stakeholder requests (STRQ), features 

(FEAT) and use cases (UC). We add appropriate attributes to each template. Figure 7.1 shows 

the result. 

 

Figure 7.1: Example of requirement templates 

The figure also depicts the traceability relationship between the requirement types. The line tells 

that many (indicated with the star sign) STRQ may be dependent on many FEAT (and vice 

versa). In the same way, many FEAT may be dependent on many UC (and vice versa). 

The diagram in figure 7.1 gives a good overview of the types, the attributes and where 

traceability should be applied. The next step is to create the project's actual requirements. 

7.1.2 Step 2, setting up requirements 

In this step we will use the requirements templates created in step one to set up requirements 

and traceability. We create instance (i.e. requirements) from the templates according to figure 

7.1, assign values for each attribute and draw traces between the requirements. The result is 

shown in figure 7.2. 
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Figure 7.2: Example of a requirement diagram. 

If one compares figure 7.2 with the traceability matrixes in table 7.3, a friendlier picture emerge. 

As discussed in chapter 5.4, it is allowed to replace the class and object signs with an icon (e.g. 

use cases use the ellipse icon). Let us define some icons to our stereotypes in this example. The 

icons are illustrated in the table below. 

Stereotype Icon 

Stakeholder request 
 

Feature 
 

Use case 
 

Table 7.4: Example of icons depicting requirements. 

The icons are summarised in appendix A – Shape summary. 

The icons can replace the object boxes in figure 7.1 to create an even friendlier diagram (if one 

wants to). The result is shown in figure 7.3. 

 

 

  

 

Figure 7.3: Example of requirement classes depicted with icons. 

 

STRQ1 STRQ2 STRQ3 STRQ4 

FEAT1 FEAT2 FEAT3 FEAT4 

UC1 UC2 UC3 UC4 UC5 UC6 UC7 
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7.2 Real life examples 

In my professional career I had the opportunity to test the framework on two real IT projects, 

the first one was an application development project and the second one was a compliance 

project.  

Due to confidentiality agreements only the main characteristics of the projects and the use of 

this framework will be discussed.  

7.2.1 The application development project 

The project's objective was to develop a web based liquidity forecasting tool for a Swedish 

bank.  

The project team had agreed on a requirement setup partly following the RUP methodology. A 

two level breakdown structure was used comprising the requirement types features (FEAT) and 

use cases (UC). The project engaged approximately 10 stakeholders who were involved in a 

requirements capturing process which resulted in approximately 60 feature requirements. These 

feature requirements where later broken down into approximately 100 use cases. 

The project team used the framework introduced in this thesis. Due to the low number of 

requirements (less than 200 in total) we were able to draw a complete map of all the 

requirements and their traceability. We created requirements according to definition 2, to which 

we assigned tags, names and attributes. We plotted the requirements on a chart and put it on a 

wall in the project development room, visible for the whole development team. The map gave a 

very clear picture of the dependencies between the requirements and the whole setup. We also 

updated the attributes of the requirements on the map as the project went on which increased the 

common understanding of the current status which increased control.  

7.2.2 The compliance project 

The project's objective was to develop a regulation compliance tool for a Swedish bank in their 

mainframe environment.  

The project team had agreed on a tailor made requirements setup with a four level breakdown 

structure: 

Level 1. Business requirements (BUS). 

Level 2. Business process requirements (BUSP). 

Level 3. Use cases (UC). 

Level 4. System requirements (SR). 
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The project involved thousands of requirements and it was therefore impossible to draw a 

complete map (as we did in the previous example). Though, except for the different requirement 

types in the breakdown structure, the project had several other types of artefacts such as flow 

charts, blue prints, manuals, etc. All these artefacts had a strong dependency to the requirements 

and needed to be checked and updated constantly. The tailor made setup was confusing and the 

project members forgotten too often to update the artefacts when changes emerge. To solve this 

issue we created a requirement template diagram using definition 1 to show how the different 

artefacts where related to each other. A modified one (due to confidentiality) is illustrated in 

figure 7.4 below.   

 

 

 

Figure 7.4: Example of a requirements relationship diagram. 

This simple diagram eased the understanding of the project's artefacts and their relationships. 

The result was that the project team was able to update changing artefacts more properly.  

Furthermore, the development team was quite unfamiliar with use case requirements. Despite 

the large amount of requirements in the project, there were only around 40 use cases. Due to the 

small amount it was possible to draw a map for that subset of use case requirements using 

definition 2. The map showed to ease the understanding of the meaning of the use cases and 

their relationships among the project members.  

7.3 Modelling traceability patterns 

Given the new modelling framework it is time to show how to model traceability patterns, 

which were presented in chapter 4.2. In that chapter we came to the conclusion that the existing 

Business process 

Agreement 

User specification 
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modelling languages in the market where not sufficient for modelling the patterns. The 

diagrams below will show how we can overcome this problem with our new framework. 

In chapter 4.2 three examples of traceability patterns where presented: 

• Set up traceability from use cases to over and underlying requirements 

• Adapt pre-traceability 

• Define where to apply traceability 

These three patterns will be modelled in the tree coming sub sections. 

7.3.1 Set up traceability from use cases to over and underlying requirements 

The textual part was stated as follows: 

Name Set up traceability from use cases to over and underlying 

requirements. 

Problem Requirements are normally broken down from higher level 

requirements into lover level requirements. Use cases are often 

detailed after one or two break downs. Though, it is too common that 

projects do not set up and maintain traceability to over and underlying 

requirements. 

Context The pattern is applicable in all projects which apply use cases and that 

have over and underlying requirements. 

Solution For each use case created, make sure to trace to the overlying 

requirement from which the use case was broken down from. Also, 

for each underlying requirement, make sure to create a trace to the use 

case from which the requirement was broken down from. 

Table 7.5: Example of the textual part of a traceability pattern. 

The corresponding visual part could be modelled, using the framework, as follows: 
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Actor

UseCase requirement

* *

«overlying requirement»

Template

«underlying requirement»

Template

Set up trace to overlying requirements

Set up trace to underlying requirements

 

Figure 7.5: Example of the visual part of a traceability pattern. 

7.3.2 Adapt pre-traceability 

The textual part was stated as follows: 

Name Adapt pre-traceability 

Problem Requirements are normally traced from the lowest level to the highest 

level in the requirements breakdown structure. Though, requirements 

are seldom traced to the very origin of the need, which are the 

stakeholders. In case of a change in one or many requirements, it is 

important to trace to dependent requirements in order to see if they 

need to be changed as well. When rewriting the requirements that 

need to be changed it is not uncommon for the project team to 

interpret and rewrite the requirements incorrectly due to a lack of 

understanding of the original need which was stated by the 

stakeholders. 

Context The pattern is applicable for all requirements in any project. 

Solution Adapt pre-tracing. Pre-tracing is a method for setting up traceability 

to the stakeholders. This means that if one or many requirements are 

changed, the project team can trace from the requirement to the 

stakeholders who came up with the requirement in order to check and 

quality assure the consequences of the change. 

Table 7.6: Example of the textual part of a traceability pattern. 

The corresponding visual part could be modelled, using the framework, as follows: 
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Stakeholder

«level 1 requirement»

Template

«level 2 requirement»

Template

Do not forget to set up traces to the stakeholders

«level N requirement»

Template

 

Figure 7.6: Example of the visual part of a traceability pattern. 

7.3.3 Define where to apply traceability 

The textual part was stated as follows: 

Name Define where to apply traceability 

Problem Setting up traceability for all requirements in a project can be very 

cost some in terms of administration. Managing traceability for 

thousands of requirements can in the end drain the benefits of having 

traceability.   

Context The pattern is applicable in larger projects with thousands of 

requirements. 

Solution Prioritise and agree on which requirements that should be traceable 

and which that should not. The prioritisation could be based on 

requirement type or package, etc.  

Table 7.7: Example of the textual part of a traceability pattern. 
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The corresponding visual part could be modelled using the framework as follows: 

 

 

 

 

 

 

 

Figure 7.7: Example of the visual part of a traceability pattern. 

7.4 Chapter summary 

This chapter showed how the modelling definitions introduced in chapter 6 can be used for 

modelling requirements, traceability and patterns. One conceptual example was given together 

with two real life examples. The chapter ended with an example were three traceability patterns 

were successfully modelled using the framework. 
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8 Conclusions 
This chapter will summarise the key findings in this thesis. 

The objective of this thesis was to find a new modelling framework for requirements and to 

show that it is suitable for modelling traceability patterns. The framework was created using 

UML's existing class and object diagrams which were proven to be suitable for modelling the 

most important components of a requirement. 

Changes in UML 2.0 showed us that use cases from now on may be seen as UML classes. This 

approach made it possible to bring in existing use case diagrams into the same schema as the 

shapes of this new framework, creating a domain where both use cases and other types of 

requirements can be modelled together in the same diagram. 

The framework proved to be most efficient for describing conceptual schemas of requirements 

(e.g. in terms of patterns). For this approach one uses the UML class diagram. Modelling all 

requirements in a project using the object diagrams will in many cases create an unmanageable 

map, especially in projects with thousands of requirements. Therefore, the recommendation is to 

use the class diagrams to define a project's requirements types and traceability, and use the 

object diagrams only to model a certain part of the requirements breakdown structure, for 

example if one wants to discuss or address a certain requirements problem in that part. The 

framework is also useful for describing traceability patterns. 

The hope is that this framework will not only be useful for describing my supervisor's patterns 

but also for others that are interested in requirements modelling and who struggle with the 

existing diagrams that exist in the industry today. 
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Appendix A – Definition and 
shape summary 
This chapter will give a summary of all definitions and shapes introduced in this thesis.   

Definitions and shapes  

Definition 1: Modelling requirement templates 

Explanation 

  

The UML class notation is used for modelling requirement templates. The 

template is modelled as a two compartment square. The top compartment holds 

the requirement type and name; the bottom compartment holds the 

requirement’s attributes. 

Shape 

 

 

-requirement attribute 1

-requirement attribute 2

-...

«requirement type»

Requirement template name

 

Note: the requirement type may be suppressed. 
 

Example 

 

 

 

 

Definition 2: Modelling requirements 

Explanation  The UML object notation will be used for modelling requirements. Moreover, 

each requirement is an instance from a requirement template (see definition 1). 

A requirement is modelled as a two compartment square. The top compartment 

holds the requirement template name together with the requirement tag 

separated by a colon. The bottom compartment holds the requirement’s 

attributes (derived from a template created in accordance to definition 1) with 

assigned values. 
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Shape 

 

 

 

Note: the requirement type and template name may be suppressed. 

 

Example 

 

 

Name = Search for a product

Customer benefit = 5

Implementation complexity = 2

Priority = 5

Implementation cost = 100 000

Owner = Per Person

«feature»

FEAT1 : FEAT

Name = Buying products

Stakeholder = Clas Clason

Priority = High

Owner = Per Person

«stakeholder requests»

STRQ1 : STRQ

Name = Buy product

Priority = High

Implementation status = 50 %

Owner = Lars Larson

«use case»

UC1 : UC

Attributes and values

Tag

 

 

Definition 3: Modelling trace-to and trace-from traceability 

Explanation  The UML dependency notation is used for modelling trace-to and trace-from 

traces. Moreover, and according to the UML definition, such traces are 

modelled as a dashed line with an arrow where the arrow indicates where the 

trace is going (i.e. from or to). 

Shape 

 

 

 

Example 
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Definition 4: Modelling parent–child traceability 

Explanation  The UML composition aggregation notation is used for modelling a parent–

child relationship between two requirements. The trace is modelled as a solid 

line with a solid diamond pointing from the child (i.e. the part) requirement to 

the parent (i.e. the whole) requirement. 

Shape 

 

 

 

 

Definition 5: Modelling parent–child (to many) traceability 

Explanation  The UML aggregation notation is used for modelling a trace between two 

requirements where one of them is a standalone part of the other. Moreover, 

this trace is modelled as a solid line with a hallow diamond pointing from the 

child (i.e. the standalone part) requirement to the parent (i.e. the whole) 

requirement. 

Shape 

 

 

 

 

Definition 6: Modelling generic traceability 

Definition 

  

The UML association is used for modelling generic trace of any type between 

requirements. With generic means that the UML association relationship can 

be customised to match a certain type of trace. When modelling a generic trace, 

the trace should have a name, telling what the trace is about, and it is drawn 

with a line connecting two requirements. The navigability notation indicates 

the direction of the trace. 

Shape 
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Definition 7: Modelling packages 

Explanation Requirements packages will be modelled using UML packages. A package is 

modelled as a square with a tab in the top left corner naming the package. 

Furthermore, packages may have traces to other packages according to 

definition 3–6. 

Shape 

 

 

Name = Search for product

Customer benefit = 5

Implementation complexity = 2

Priority = 5

Implementation cost = 100 000

Owner = Per Person

FEAT1

Name = Pay for product

Customer benefit = 5

Implementation complexity = 4

Priority = 5

Implementation cost = 200 000

Owner = Steve Stevenson 

FEAT2

Name = XX

Customer benefit = XX

Implementation complexity = XX

Priority = XX

Implementation cost = XX

Owner = XX

FEAT3

Package A

 
 
Traces between packages: 

 

 
 
 

 

Icons 

The class shapes in definition 2 and 3 may be replaced by icons. Below are suggestions of icons 

for the requirements type stakeholder request, feature and use case. 

Stereotype Icon 

Stakeholder requests 
 

Feature 
 

Use case 
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Appendix B – Converting an 
UML diagram into a traceability 
matrix 
This chapter will show how a requirements diagram, modelled using the framework in 

this thesis, can be parsed and converted into a format which can be imported by the 

requirements management tool RequisitePro.    

The approach 

This thesis introduced a new framework for modelling requirements in UML. The objective of 

the framework is to visually describe requirements and to share best practices.     

There are several UML tools available in the market that support class and object diagrams 

which can be used for modelling the framework introduced in this thesis. Many of these tools 

can export their diagrams into a format called XMI [22]. XMI stands for XML Metadata 

Interchange and is a standardised format for exchanging UML diagrams between different 

modelling tools. XMI is based on the XML language and is therefore easy to read and use. 

The objective of this appendix is to show how a requirements diagram modelled using the 

framework in this thesis can be exported into XMI and then converted into a format (i.e. CSV) 

which can be imported by the requirements management tool RequisitePro. Additionally, there 

are several requirements management tool in the market that supports the CSV format which 

makes this example generic; only small adaptations to the CSV format need to take place in 

order to support the other tools as well.   

This conversion approach creates a bridge between the modelling framework introduced in this 

thesis and existing requirements management tools.    

The solution 

In order to reach the objective to import a requirements diagram into RequisitePro I will divide 

the task into four steps: 

1. Model a requirements diagram in the UML tool Poseidon. 

2. Saving the diagram in the XMI format. 

3. Creating a parser that can convert the XMI file into a CSV file. 
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4. Imported the CSV file into RequisitePro and analyse the requirements and their 

traceability. 

Figure B.1 gives a conceptual overview of the conversion process. 

 

 

 

 

 

Figure B.1: A conceptual diagram of how a requirements diagram can be imported into RequisitePro. 

Step 1, modelling requirements in Poseidon 

The first step is to choose a UML tool which supports class and object diagrams and XMI. In 

this case I choose the tool Poseidon. I opened Poseidon and draw a diagram using the 

definitions in this thesis. In this example I draw four requirements: ReqA, ReqB, ReqC and 

ReqD. Their traceability where set to: ReqB and RecC trace to RecA whereas ReqD trace to 

ReqC. The requirements and their traces where modelled using Poseidon's object diagrams. The 

requirements diagram is illustrated in figure B.2.  

 

 

 

 

 

 

 

 

 

 

 

Figure B.2: A requirements diagram modelled in the UML tool Poseidon. 

XMI 

Fe ature A

Re q.  D

Re q.  B

Re q . A

Req .  E

Req .  C Re q.  G Re q.  H

Re q . F

 

RequisitePro 
CSV 

XMI to CSV parser 

Requirements modelling diagram 
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Step 2, saving the diagram into XMI 

The next step is to save the diagram in the XMI format. Many tools on the market support XMI 

or have extensions packages which add the functionality. E.g. Microsoft Visio has an extension 

package for XMI which can be downloaded from their home page [23]. Poseidon has inbuilt 

support for XMI. 

The saved XMI file has a XML structure and looks as shown in figure B.3. 

 

 

 

 

 

 

 

 

 

 

 

Figure B.3: A requirements diagram saved in the XMI format. 

Step 3, creating a parser 

When the XMI file is created I need to convert it to a format which can be read by the 

requirements management tool RequisitePro. RequisitePro support the format CSV and I 

therefore created a parser which is able to convert XMI files into CSV. The tool was named 

XMI2CSV.  

Using the XMI2CSV tool for importing the XMI file created in step 2 gave me a CSV file 

which is shown in figure B.4. 
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Figure B.4: A requirements diagram in a CSV format. 

 

Step 4, import the CSV file into RequisitePro 

The last step is to import the CSV file created in step three into RequisitePro. RequisitePro has 

import functionality for importing requirements and their traceability via the CSV format. 

The result is shown in figure B.5. 

 

 

 

 

 

 

 

 

 

 

Figure B.5: A requirements matrix in RequisitePro derived from a UML requirements diagram created in 

Poseidon. 
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As one can see, the requirements are listed to the left in the figure and a requirements 

traceability matrix is shown to the right depicting the traces. Comparing the figure above with 

the UML diagram created in step one, one can see that they illustrate the same requirements and 

their traces but in two different formats. Consequently, the goal of converting a UML diagram 

using this thesis and import it into a requirements management tool was met. 

Appendix summary 

We have proved that it is possible to model requirements and traceability in an XMI compatible 

UML Tool such as Poseidon and then import the requirements and the traces into a 

requirements management tool such as RequisitePro. I created a parser named XMI2CSV for 

converting a XMI based UML object diagram into a CSV formatted file. The CSV file was then 

opened in RequisitePro, where the requirements could be analysed and managed. 

The approach created a bridge between this framework and existing requirements management 

tool. 
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Appendix C – Requirements 
traceability graphs 
In this appendix I will introduce a new way of representing requirements traceability. I 

will see requirements and their dependencies as a directed graph (or digraph) where 

the nodes represent requirements and the arcs traces. This new representation opens up 

possibilities for requirement traceability analysis, as it brings new powerful methods 

into the field, such as graph analysis theories, graph algorithms and artificial 

intelligence. With these methods in mind and a mathematical approach to requirements 

traceability, I believe many requirements management issues can be eased. This 

appendix should only be seen as a teaser for further analysing this idea. 

Defining a requirements traceability graph 

Definition: A Requirements Traceability Graphs GRT consists of a finite set R, whose members 

are nodes representing requirements, and a finite set T, whose members are arcs representing 

the traces between the requirements. This leads us to the following notation of a Requirement 

Traceability Graph, GRT = (R, T), where R is the requirements-set and T the traces-set.  

A trace is an order pair of two requirements and is denoted as (x, y) where x is the requirement 

from which the trace begins and y the requirement where the trace ends, e.g. if requirement r1 

traces to requirement r2, the trace is denoted (r1, r2) and if requirement r1 traces from r2, the 

trace is denoted (r2, r1). 

An example of a traceability graph is given in figure C.1. In this example the requirements-set is 

equal to R = {r1, r2, r3, r4, r5} and its members are illustrated by the black dots in the figure. 

The traceability-set is T = {(r1, r2), (r1, r3), (r1, r4), (r4, r5), (r5, r4)} and its members are the 

traces illustrated by the arcs joining the dots in the figure below. 

 

r1

r5

r4

r3

r2

 

Figure C.1: Example of a Requirement Traceability Graph 

It is easy to transform a requirements diagram (depicted by the framework in this thesis) or a 

traceability matrix (refer to chapter 3.9.2) into a traceability graph, and vice versa; e.g. a 
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transformation can be done when a traceability matrix is seen as the adjacency matrix for the 

corresponding traceability graph. 

Each requirement (node) may have attributes (refer to chapter 3.6) and their values are reached 

through functions, i.e. each attribute must have a corresponding function. As an example, let the 

functions r(x) and s(x) denote the risk and the status of a requirement x in the graph. Their return 

values will tell the values of the risk and the status of requirement x. 

In the same way, we may define attributes for traces (arcs), e.g. let i(x, y) denote the importance 

of the trace going from requirement x to requirement y (i.e. how important it is to maintain the 

consistency of the trace between the two requirements). Another example, let im(x, y) denote the 

impact on requirement x if requirement y fails.  

In chapter 3.9.1 we used UML dependencies for illustrating different kinds of traces between 

requirements. There are at least two possibilities for illustrating different kind of traces in a 

traceability graph. The first option is to use the same dependency notation as in UML 

(aggregation, dependency etc.). The second option is to define a dependency-function for the 

trace. A dependency function could be defined as d(x, y) and return a value telling what kind of 

dependency we are at. 

Analysing the graphs 

When requirements traceability is represented in a directed graph we have the ability to apply 

mathematical theories such as graph theories, graph algorithms and artificial intelligence (e.g. 

Bayesian networks) in order to analyse, predict and optimise graphs with respect to: 

• graph structure 

• node attributes (i.e. requirement attributes) 

• arc attributes 

• type of traces (e.g. aggregation, dependency etc.) 

The output from a graph analysis (e.g. traversing the graph) facilitates requirements 

management; it gives us new important information about the requirements and traceability 

which may not have been available before or difficult to grasp. It helps us to predict risk and 

impact due to poor traceability and teaches us how to set up good traceability in future projects. 

We can, for example, traverse the graph and add attribute values to give us statistics. We could 

analyse how we traverse the graph in order to analyse the graph structure, etc.  

In the coming sections two examples for analysing traceability graphs are given. They are seen 

as examples and a starting point. There are numerous graph analysing methods suitable for 

graphs but it is out of the scope of this thesis to discuss them all. 
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Analysing nodes and arcs 

The valency of a requirement r in a traceability graph GRT = (R, T) tells the number of traces to 

and from requirement r. The valency is denoted δ(r), where r is a requirement (i.e. a node) from 

which we want to calculate its number of dependencies (i.e. traces).  

The sum of all valences in a graph is given by:  

( )∑
∈Rr

rδ  

The formula is an indicator of the trace-complexity in the graph. As a rule of thumb, 

requirements should be written so that as few dependencies as possible emerge. If a requirement 

is found with several dependencies, the requirements should be scrutinised to see if it could be 

incorporated in other requirements or be rewritten. 

Analysing graph structures 

A graph analysis could detect if a requirement has an unsound breakdown structure; for 

example, if a requirement has too many children, it may be an idea to divide the parent into 

several requirements. 

Appendix summary 

This appendix showed how requirements and their traceability could be seen as a directed graph 

which can be analysed using graph theories. It also discussed how a requirements diagram 

modelled by the framework introduced in this thesis could be converted into a traceability 

matrix which in turn could be seen as an adjacency matrix which could build up a graph.  
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