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Abstract 

The purpose of this thesis is to provide the Maftaki team at Tieto a proposal of a tool or improve one of 

the current tools that will support their processes. In order to find a suitable tool a problem analysis 

model, as described by Goldkuhl and Rostlinger (1988), was used. To find out what kind of problem 

existed, members from the Maftaki team were interviewed. Out of the problems that were brought up 

during the interviews, difficulties with finding telephone numbers that can be used in the testing 

environment at testing was chosen. 

In order to solve the problem, a tool that handles test data was to be developed. Firstly, a requirement 

elicitation was performed by interviewing potential users of the system. In this way, use cases and 

functional requirements were elicited. A framework called Struts2, an Object-relational Mapping 

framework, Hibernate and an Inversion of Control container, Spring was used during the development. 

Maven was used for building the application.  

During the development demos were performed in order to elicit more requirements from the users 

and to clarify some requirements. Also refactoring was done continuously during the development. 

When the development of the application was done a couple of test cases were written and some basic 

testing of the application were performed .  

 



 

 



 

 

Sammanfattning 
Syftet med examensarbetet är att ge Maftaki teamet vid Tieto ett förslag på ett verktyg eller förbättra 

ett av de nuvarande verktygen för att ge support till deras processer. För att hitta ett lämpligt verktyg 

gjordes först en problemanalys, den problemanalysmodell som beskrivs i Goldkuhl och Röstlinger, 

(1988), bok användes. För att ta reda på vilka problem som kunde finnas genomförde ett antal intervjuer 

med medlemmar i Maftaki.  Ur de problem som hade kommit fram under intervjuerna valdes 

svårigheten att hitta telefonnummer som kan användas i testmiljön vid testning ut.  

För att lösa problemet beslutades att ett verktyg som hanterar testdata skulle utvecklas.  Först 

genomfördes en kravfångst genom att intervjua potentiella användare och på så sätt togs 

användningsfall och funktionella krav fram. För att bygga applikationen användes ett ramverk som heter 

Struts2, ett Object/Relational Mapping ramverk, Hibernate, och en Inversion of Control container, 

Spring. För att bygga applikationen användes Maven.  

Under utvecklingens gång genomfördes demos för att få fler krav ifrån användare och för att få en 

klarare bild av betydelsen av vissa krav. Också omstrukturering av kod genomfördes kontinuerligt under 

utvecklingens gång. Sist av allt genomfördes ett antal test på applikationen. 
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Introduction 
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1 Introduction 

The structure of this thesis will be as follows; (1) there is the introduction section; (2) a section where 

the problem areas are identified and one of these is chosen; (3) then the problem area is furthered 

examined; and (4) finally a solution is developed and proposed.   But first of all the team that will be 

examined during this report will be introduced. 

1.1 The Maftaki team 

The whole Maftaki team except for the tester is collocated and sits within one or two minutes walking 

distance from one another.  The role of the Maftaki team at Tieto is to make the information that exists 

in an underlying system, EFS, available to the end-users. The team consists of nine developers, a tester 

and a project manager. Maftaki consists of three sub-teams that work with visualizing and presenting 

information from the underlying system. Each team works with developing and maintaining an 

application for a certain user category.  Since the user category differs for each team so does the 

applications; meaning that the kind of information that is being presented to the users and what 

functions they are able to perform differs. Figure 1 shows the three sub-teams, the applications that 

they are responsible for and the end-users for each:  

 

 

 

Figure 1 MA, FT and AKI's work areas 
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The tasks that the Maftaki team works on are separated into three different categories: projects, small 

development and error handling. Maftaki often collaborate with personnel from other companies when 

working on a project.  External team members can be working at a supplier for the customer, another 

unit at Tieto or affiliated companies of the customer.  A Maftaki developer can be involved in multiple 

projects at the same time.   

Every morning there is a daily Scrum meeting where the members of the different teams get together to 

talk about how their work is going. Scrum is a management and control process. The daily Scrum 

meeting is a daily meeting that is time-boxed (Beedle and Schwaber, 2002).  

1.2  Limitations 

It is not within the scope of this thesis to see if the tool is successfully implemented.  

1.3  Purpose 

The purpose of this thesis is to give the Maftaki team at Tieto a proposal of a tool or improve one of the 

current tools that will support their processes. 

1.4 Research Questions 

The research questions are the questions that are going to be answered in this thesis in order to fulfill 

the purpose of the thesis. 

 How does the Maftaki team work today and is there anything impeding their way of working? 

 Should a new tool be implemented or should a current tool be improved to better fit the 

Maftaki way of working? 

 What kind of tool should further be examined that will give support and facilitate the Maftaki 

way of working?  
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Part 2 

Identifying the problem  
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2 Problem analysis 

The purpose of a problem analysis is to gain knowledge about the problems that exist for a chosen 

organization. A performed problem analysis should answer the question: Which are the most important 

problems, causes of the problems and effects of the problems (Goldkuhl and Röstlinger, 1988). This 

problem analysis method is presented in a book by Goldkuhl and Röstlinger (1988). Described below are 

four different steps that should be performed during a problem analysis. 

2.1 Problem area delimitation  

It is important to have problem area delimitation so that the persons affected by the work have 

reasonable expectations. Also problem area delimitation will affect the subsequent work’s direction so 

the final problem area delimitation should not be done too early but only after  you have studied the 

problems that exist in the organization.  

2.2 Identification and formulation of problems 

In this phase, problems are identified and formulated. A realistic picture of the problems should be 

created.  It is important that there are no restrictions concerning what kind of problems should be 

included.  The identified problems are listed in a list of problems.  

2.3 Grouping into problem areas 

The purpose of this step is to make the material easier to handle. The problems from the list of 

problems are sorted into problem areas that have a point in common. Every problem is classified to one 

or many problem areas. Sometimes it can be a good idea to revise the problem area delimitation. 

2.4 Analysis of the connection of problems  

The problem might be a consequence of other situations; maybe it is caused by something else. In order 

to truly create a change it is important to look for the underlying causes. The underlying causes can then 

be seen as problems that should be solved. If the problems that are found cannot be solved or for 

various reasons you do not wish to solve them then it is appropriate to stop.  
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3 Interview: Standardization and Structuring  

When doing an interview you can either have a high or low degree of standardization and structuring of 

the questions. A high degree of standardization means that the questions are being asked in a decided 

order. If the degree of standardization is low then the order of the questions are changed depending on 

what fits best to the individual case (Davidson and Patel, 1991). 

A high degree of structuring means that the questions are made with a limited range of possible 

answers, so-called “closed-ended questions”. A low degree of structuring, or “open-ended questions”, 

means that the questions are made so that “the questions that the interviewer asks gives a lot of space 

for the interviewee to answer with their own words” (Davidson and Patel, 1991).  

3.1 Conducting the interview   

A literature review suggested that the interview start off by making the purpose of the interview clear. 

Try to relate the purpose to the individuals own goals, what the individuals role is in making a change 

happen and why his/her contribution is important.  After that, start asking open neutral questions (e. g. 

background information that you need to know about the problem area). The problem area is then 

sorted into different sub-sections depending on what the topic is. When asking questions about a 

problem area, a common technique is known as the funnel technique –  you start off by asking open-

ended questions and then funnel down to more specific questions. When finishing the interview finish 

neutral, for instance, ask if the interviewee has any comments about questions or would like to add 

things that have not been brought up during the interview and that the interviewee considers important 

(Patel and Tebelius, 1987). Other general suggestions include (Patel and Tebelius, 1987): 

 Avoid long questions 

 Avoid leading questions 

 Avoid double questions 

 Avoid presupposed questions 

 Be careful with why questions   
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4 Performing the problem analysis 

First a literature search was performed. I read books and articles about project management practices in 

order to get a picture of how teams can work and about different methods for developing software 

products and processes. Also works about research methodology, how to perform interviews and how 

to do a problem analysis were consulted.  

4.1 Investigate process and problems 

It was impertinent that the choice of tool was based on what kind of needs exist at the Maftaki team. 

What kind of tool do they need? What tool would make a difference and help them when they are 

working?  

In order to do that, I needed to get an overview to find out what kind of problems the Maftaki team was 

facing. What is impeding them from performing their work? Can a tool be used to remove that 

impediment? So the goal of this part of the process was to find out which impediments exist. What 

problems are the impediments causing? And can a tool be used to remove one of these impediments or 

some of them? 

4.2 Interviews and observation 

In order to better understand the current processes and problems concerning the team, questions with 

a high degree of standardization and a low degree of structuring were asked during the interviews. The 

objective of this interview session was to find out what kind of problems the group was experiencing 

and to get an overview of the group and its situation.  The questions were sorted in four blocks:  

 Overview of what people were doing  

 Project and Prioritization  

 Improvement 

 Reporting of errors  

While preparing the questions, suggestions from Patel and Tebelius (1987) described in Section 2.2.2, 

were taken into consideration. The interviews were 30 minutes to 1 hour long. Five persons were 

interviewed. At least one representative for each sub-team MA, AKI and FT was interviewed. During the 

interviews, current way of working and problems were being discussed. The answers to the questions 

were written down. The interviews were also recorded and later partly transcribed. I also attended 

meetings such as the daily Scrum meeting and a sprint planning meeting. From the notes taken during 

the interviews and the transcribed interviews, a list of problems was separated from the rest of the 

collected data.  
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4.3 Problem area delimitation 

Problems that would be difficult to solve without management support would not be part of this thesis 

work.  Problems that concern other parts of the organization or structural problems are examples of 

problems that can be difficult to solve without management support.   

4.4 Grouping into problem areas  

The problems that had a point in common were then sorted into problem areas and every problem area 

was sorted into three categories:  system, routines and test.  They are described more thoroughly 

below:  

4.4.1 System 

Cumbersome systems 

 Systems are cumbersome to use, for example the time reporting system is horrible. 

Dependent on other systems 

Maftaki are working on the last layer of the application, with the User Interface, UI. This application 

layer is dependent on an underlying system called EFS. If EFS goes down then there is no way that the 

Maftaki team can continue working toward the subsystem EFS, making testing with EFS impossible.  

Incoming error 

Some incoming errors are superfluous. Maybe a system does not answer or gives errors at checks. There 

is also a problem that the errors that are experienced at customer site cannot be recreated since the 

environment and servers are different at Tieto.  

4.4.2 Decision about system 

These systems are not being maintained by the Maftaki team but by another division of Tieto or by 

other companies. Anything concerning other groups is not within the problem delimitation and because 

of that this area was not chosen.   
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4.4.3 Routines 

Development 

 Since the developers that belongs to the Maftaki team works with many different tasks belonging to 

different projects of varying size they are not sure that scrum is the most appropriate methodology to 

use. For projects that are large enough, part of the scrum methodology is used. Another problem might 

be that there are many steps between the developer and the end-user and no direct feedback from 

users takes place.  

Administrative hassle 

Administrative hassle concerns everything from ordering accounts for new employees to obtaining 

hardware. It is not only the procedure that can be difficult to understand but it can also take a very long 

time before the ordered items arrive.  

Improvement 

There exists no clear forum where the team could discuss and continuously work with improving the 

operations.   

A lot of information goes through the project manager 

A lot of information goes through the project manager that only works half-time with being the project 

manager for the Maftaki team.  

4.4.4 Decision about routines  

Concerning routines it was difficult to draw any conclusions what the problem was and if there was a 

problem since every interviewee brought up a different problem.  Also some problems would not be 

possible to solve without contacting other groups outside of the Maftaki team. For these reasons, this 

problem area was not chosen.  

4.4.5 Test 

Problem with the testing environment 

Problem with the acceptance test environment, sometimes it goes down and becomes impossible to 

use. This problem is related to the fact that EFS goes down. 

FT has a lot of different problems with the test environments, such as that it is difficult to perform tests 

because there is no test environment where to do them. The customer has a different environment, 

meaning that the physical server or network environment, for instance, are different. Because of that 
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errors that are detected at customer site might not be visible in the environment that Tieto uses. It can 

then be difficult or impossible to see if errors are fixed or not since they might not be visible at Tieto. So 

the only way to see if errors are fixed or if they still exist is to visit the customer and see the errors being 

produced.   

Test data  

Test data is the data that is used when testing the application is not being updated, data disappears and 

changes. It is time-consuming to hunt for test data with the correct properties. In order to get hold of 

test data with the right properties a developer might have to contact someone working for another unit 

of Tieto or another company. No one is responsible for test data. Being dependent on someone else for 

getting test data is a big drawback and problem. One of the groups, FT, has no access to test-data. In 

order to get test data they have to contact whoever is responsible for the core-systems. 

Specification of calls 

Maftaki are the last link in a chain of systems that are developed on top of each other. There exist 

specifications that specify which calls should be made to other systems. These specifications are sent by 

email through a mailing list. However these specifications are not always being updated. So sometimes 

when a test call is being made to an underlying system there might be an error since the wrong test-

parameters are being sent. No one has the overall responsibility that the communication between 

different systems works.  

4.4.6 Decision about test  

The problem with getting appropriate test data was chosen. It was chosen for a couple of reasons. One 

of them is because it affects everyone in the Maftaki team.  There is not a developer that does not have 

to perform testing to see if the code works the way it should. Another reason for choosing this problem 

area was that finding test data can be very time-consuming for the developer.  Last but not least, this 

problem can be solved by the implementation of a tool which is the purpose of this thesis.  

4.5 Second round of interviews  

After choosing the problem area that I will work on, I decided to do follow-up interviews. The first 

objective for performing follow-up interviews was to find out the underlying problem that might be 

causing the problem with finding test data. As Goldkuhl and Röstlinger (1988) stated, a problem might 

be a consequence of other situations. The other objective for performing a second round of interviews 

was to get a better understanding of the test environment. Six interviews of five persons were 

conducted ranging from 15 minutes to 1 hour. The problems were then written down in a problem list 

and once again sorted according to problem area. From the sorting into problem areas an outline 

description of the problem was created.  
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4.6 Presentation of chosen problem  

According to IEEE Std (610.12-1990) testing is “(1) The process of operating a system or component 

under specified conditions, observing or recording the results, and making an evaluation of some aspect 

of the system or component.” 

4.6.1 What are the test data and what are they not?  

The test data that this thesis will discuss are not the ID that is used by a bugtracker and testing tool. The 

test data has nothing to do with keeping track of the different test cases and their results. It neither has 

anything to do with keeping track of bugs and the connection between bugs and tests. These test data 

are telephone numbers that are used in the test environment when the developer performs testing and 

sees if what is being developed functions the way that it should. The telephone numbers often has the 

format 07XX-XX XX XX. Future reference to the terms “test number” or “test data” refers to a 

“telephone number that is used for testing in the test environment”.   

4.6.2 Why is there a limited set of test numbers? 

A test number is a telephone number. In this section, I will explain about the telephone numbers a bit 

more. A telephone number shares many qualities with the civic-number that is being used in Sweden. 

Both of them are 10-digit numbers.  Both must be unique, two persons cannot share the same civic-

number.  Both have some properties bound to them. When it comes to a civic-number it might be name, 

sex, place of birth. When it concerns telephone number the properties are subscription, history, call 

data etc.   

The numbers being used in the test environment cannot be used in the production environment, which 

is the “real” world, or vice versa. In order to be able to use a certain test number it has to be added to 

the test environment. The test series used for testing has to be allocated for testing so that no real 

number are assigned to them and then added to the test environment. The reason why the same 

number cannot exist in the test environment as in the production environment is that in the end they 

have to be allocated in the same base system and in this one the same number cannot be entered twice.  

4.6.3 What are the different properties?  

Different properties can be bound to a number. During testing numbers with different properties are 

needed. One of the properties that exist is subscription. Every telephone number has a certain 

subscription type. Another kind of property is a service, such as being able to use the internet. Another 

property might be call or traffic data. For different test cases, telephone numbers with different 

properties bound to them are needed. Maybe a telephone number needs to have only one property 

bound to it or maybe they need to have a couple of properties bound to it.  
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4.6.4 Acceptance test environment 

There are three different acceptance test environment, A, B and C. Only one of these acceptance test 

environments are being used at a time.  The main acceptance test environment is connected to a 

number of sub-systems where data and different properties are stored. The sub-systems points to the 

main acceptance test environment. Some of the sub-systems are not connected to the main acceptance 

test environment. 

The customer of Tieto performs a couple of big releases each year where the production environment is 

changed. Before every new release, the acceptance test environment is switched to another acceptance 

test environment. During the switch all of the subsystems are redirected so that they point to the new 

acceptance test environment and not to the old one. During the switch the acceptance test environment 

cannot be used.  

After the switch new test data is sent out to the different groups and the old test data cannot be used. 

The new test data is clean and does not have the information and connection that the old test data had. 

For the subsystems that are not connected to the main acceptance test environment system no new 

test data is entered. Testing these subsystems is impossible if not the same test numbers are added. 

4.6.5 Why do not developers like someone else to use their test number? 

Adding properties to a test number can be cumbersome. After adding some specific properties to a test 

number, a tester does not want another developer to use the same number. During testing, properties 

of a test number can be changed. Also, a developer can add one or two properties to a test number in 

order to perform their test case. However, by adding and changing these properties they have rendered 

the test number unusable for the other developer that first used the number. Then the developer that 

first had the test number has to find another test number and again add some properties to it. That can 

be very frustrating for a developer and that is why developers prefer that they are the only ones that are 

using a test number for testing.  

4.6.6 Dependency problem  

In order to test certain properties the test number has to be added to the test environment of a sub-

system that is not added to the main testing environment. No connection exists between the core 

system Mobill (see Picture of the system ) and GSMAHS, a Customer Relationship Management system. 

The most common procedure today for getting those test numbers added to Mobill is calling someone 

that works with Mobill. However, Mobill personnel might not have time to look for or produce test data 

when it is needed. The reasons for this is that they might be busy with their work and finding or 

inserting test data into the system might not be the highest priority for them, especially if they are not 

working on the same project.  
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4.6.7 Current ways of getting hold of test numbers 

The test numbers should preferably be “free”, not be used by anyone else, and have the properties 

needed for testing. Here are some the ways of getting test numbers today together with the problem 

that is associated with each way:   

Ways of getting test data Problem 

Finding free test data in the system Is troublesome 

Creating your own test data Takes long time 

OWL, which is used as a GUI towards the GSMAHS that is used 

for administrating numbers among other things, is bothersome 

and confusing for a beginner to use.  

Contacting the person responsible 

for the system 

Takes a long time and it is not 100% sure that there are free test 

data (with the appropriate qualities) 

Contacting other systems Must have tacit knowledge of who to contact, and takes a long 

time before they have  entered the test data needed in the 

system 

No workaround The properties cannot be included in the test environment, or 

there is no known work around 

Testing with real production data 

  

 

If an error is made when using real data in the production 

environment e.g. by making a database call, it can cause 

considerable damage, may be even render the production 

environment unusable. 

Persons are not tied to a subscription when they get test data so 

all the test data have subscription type prepaid unknown 

subscriber. It is bothersome to create a prepaid known 

subscriber so when testing real production data is being used.  

4.6.8 Picture of the system 

Figure 2 and 3 shows a picture of the different systems and some of the connections that exist between 

them. All of the sub-systems have not been included but only the most important ones. This picture is 

meant to give an overview of the different layers of the system. The top layer is the UI that is 

represented by the monitors in a cloud.   
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Figure 2: Picture of the system. MA, FT and AKI represent the UI. 

 

Figure 3: Legend of Figure2   
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4.7 Proposed solution 

In order to solve this problem an application, a tool, will be developed. Using an application for finding 

test data would mean that a developer would no longer be dependent on other groups when trying to 

find test data.    
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Analyzing the problem  
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5 Requirements engineering 

5.1 Requirements specification theory 

You can elicit the requirements of a system by following the following steps (Kotonya and Sommerville, 

1998). You can start by setting the objective of the system. This can be done by outline a description of 

the problem being solved and explain why the system is necessary. Also constraints on de system can be 

declared here. After that background information can be gathered such as application domain for the 

system. In the knowledge organization part system stakeholders are identified and their roles in the 

organization. Domain knowledge which does not contribute directly to the system requirements are 

discarded. Finally stakeholders are consulted to discover their requirements. Requirements are also 

derived which comes from the application domain and the organization which is acquiring the system  

5.2 Use cases   

Use cases form the basis of how the system interacts with the outside forces around it. One of the goals 

of the use case is that they should map interactions that provide value to the actors. Actors might be 

external users, other computer system etc. It is the actors that initiate the use case. Use cases never 

initiate a use case by themselves. Also when writing a use case, no implementation-specific language 

should be used. You should not specify how the use case will be programmed or what the user interface 

will look like.  In a use case, a use case diagram will give an overview of which interactions will be 

important. A use case diagram shows the relationship between actors and use cases and between 

different use cases. Other kinds of information that might be included in a use case are:  

 Use case: details the requirements  

 Use case name 

 Summary 

 Basic course of action 

 Alternative paths : Less-common paths that need to be addressed, uncommon conditions occurs  

 Exception paths: Shows the paths when an error happens  

 Extension points: One use case provides an optional sequence of events that is included in the 

other use case   

 Assumptions :  Assume to be true but might not be true , use case dependency 

 Preconditions : Things that must be in place before the interaction can occur  

 Post conditions: After use case has been completed successfully the post conditions are satisfied  

 Related business rules 

 Author 

 Date  

(Guiney and Kulak, 2000) 
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5.3 Functional requirements  

Functional requirements describe what the system shall do. Many functional requirements are written 

by specifying input and output to the system (Ericsson, 2008). 

5.4 Design restrictions  

Design restrictions are directives for how the development of the software should be done from the 

client that orders the system. Design restrictions might be if the client whishes the developer to use a 

certain programming language, development environment, it also might be requirements on products 

that are to be used for support when during the development project etc (Ericsson, 2008). 
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6 Elicitation of the requirements 

At this phase, I already had background information about the problem that was collected in Part 2 of 

this thesis. That information had been collected and sorted during the follow-up interviews. First the 

stakeholders were identified. In order to find out what kind of requirements existed, I started by 

interviewing them.  Eliciting requirements and needs from the users were difficult since they were 

developers themselves. Sometimes they were more interested in talking about how they would like to 

solve the problem than in talking about what kind of properties they had a difficult time finding.  

After performing interviews in order to elicit requirements, I wrote the use cases that were improved by 

feedback from the stakeholders of the application.  Then the functional requirements were written 

based on the use cases. The stakeholders also gave me feedback on the functional requirements. Finally 

mock ups were drawn that were refined following feedback from the stakeholders. 

6.1 Requirement specification version 1 
This is the first version of the requirements specification. As the application develops these 

requirements are expected to change and develop.  

6.1.1 General goals of the business 

Reduce the time required to test. Not being dependent of anything else than the main testing system 

(Maftaki test environment) when it comes to finding test data. That means getting away from being 

dependent on: other systems and personnel.  

6.1.2 Purpose of the system 

Simplify the process of getting hold of test numbers with the required properties to perform the tests 

that the developer is currently working with.  

6.1.3 Outline description of the problem 

Currently, getting hold of test data is dependent on having previous knowledge on how to acquire them. 

You have to know how the different systems work and have access to them. If a certain type of test data 

does not exist, you have to know who to contact so that it can be created and then wait until the test 

data has been created.  

6.1.4 Constraints as budget, schedule, inter-operability 

Budget: unknown, has a free worker: Ellen.  Development of the application has to be finished before 

2011-12-10.  
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6.1.5 Application domain 

Test data handler application.   

6.1.6 Stakeholders 

Senior developer 

Alexander Hellström. Has more than one year experience of trying to find test data, will be one of the 

future users of the application. 

Junior developer  

Petter Wallin. Has less than six months experience of trying to find test data, will be one of the future 

users of the application. 

Product owner   

Leonard Broman, mandated to make decisions on behalf of stakeholders.  

6.1.7  Use cases 

These use cases are based on the interviews that were conducted with the future users of the system. 

The use cases have been approved by the stakeholder – senior developer.  This is a first draft of the 

basic functionality of the system. In future versions of the requirements specification, these use cases 

might undergo changes. Upon changes the product owner has to be consulted.  

 

 

Use case name 
 

Get a test number 

Summary 
 

The developer gets a test number from the system. 

Basic course of events 

 

1. The use case begins when the developer sends a 

request that he/she would like to find a test number 

2. The user requests the number 
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3. The system returns a test number  

Alternative path  

Trigger   

Assumptions N/A 

Preconditions N/A 

Postconditions The developer has a test number that can be used for testing  

Author Ellen Hallgren  

Date 
 

2011-10-10 

 

 

Use case name 
 

Obtain test number(s) with a certain subscription 
 

Summary 

 

The developer obtains  a test number with a certain 

subscription from the system 

Basic course of events 

 

1. The use case begins when the developer sends a 

request that he/she would like to find a test 

number 

2. The developer chooses the subscription type of the 

number 

3. The developer requests a number 

4. The system responds by showing a number or 

numbers with the stated subscription 

Alternative path N/A 

Trigger  The developer needs to test changing a subscription type, 

canceling a subscription or something else concerning 

subscriptions.  

Assumptions N/A 

Preconditions N/A 
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Postconditions The developer has a test number with the requested 

subscription  that can be used for testing 

Author Ellen Hallgren  

Date 
 

2011-10-10 

 

Use case name 
 

Get a test number with certain service  

Summary 

 

A developer obtains a test number with a certain subscription and service from 

the system.  

Basic course of 

events 

 

1. The use case begins when the developer sends a request that he/she 

would like to find a free test number 

2. The developer looks for a subscription that includes the service 

3. The developer chooses the subscription type 

4. The developer chooses the service  

5. The developer requests the number 

6. The system returns a number with the chosen subscription and service  

Alternative path N/A 

Trigger  The developer needs to test changing a service, canceling a service, something 

else concerning services.  

Assumptions N/A 

Preconditions N/A 

Postconditions A developer obtains a test number with a certain service that can be used for 

testing. 

Author Ellen Hallgren 

Date 2011-10-10 
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Use case name 
 

Book test number  

Summary 
 

The developer books a test number in the system 

Basic course of events 

 

1. The use case begins when a developer chooses to 

assign the test number to himself/herself 

2. The subsystem registers the booking  

Alternative path N/A 

Trigger  The developer wishes to book a test number so that no-one 
else makes changes to it. 

Assumptions N/A 

Preconditions The developer has been assigned a free test number.  

Postconditions The developer has booked the test number and the booking has 

been registered in a Database 

Author Ellen Hallgren 

Date 
 

2011-10-11 

 

 

Use case name 
 

Add a balance to a subscription 

Summary 
 

A developer requests and obtains a test number with a certain 
subscription and balance 

Basic course of events 

 

1. The user requests that a subscription should have a 

balance 

2. The system receives the request  

3. The system sends the request to a sub-system that adds 
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the information to the subscription 

Alternative path N/A 

Trigger  The developer receives an issue from the customer concerning 
the balance that needs to be solved and tested. 

Assumptions It is the subscription that has a balance assigned to it.  

Preconditions 1. The use case starts when the developer sends a request 

that he/she would like to look for a test number 

2. The user specifies the subscription form 

Postconditions The developer has a test number with a balance  
Author Ellen Hallgren 

Date 2011-10-10 

 

Use case name 
 

Add data traffic to a subscription or service 

Summary 
 

The developer requests and obtains a test number with data 
traffic  

Basic course of events 

 

1. The developer chooses that data traffic should be 

added  

2. The developer sends a request to the system that data 

traffic should be added 

3. The system sends a request to a subsystem for filling 

the corresponding subscription or service with data 

traffic  

4. The subsystem fills the subscription or service with data 

traffic 

5. The system returns a test number  

Alternative path N/A 

Trigger  The developer receives an issue at the issue tracking system 
that requires that testing is to be done concerning data traffic 
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Assumptions The data traffic should be associated with a subscription or a 

service.  

Preconditions 1. The developer sends a request that he/she would like a 

free test number  

2. The developer chooses the subscription  

3. The developer chooses the service  

Postconditions The developer has a number with traffic data: 

a) history of calls: Who called, when and for how long they 

talked  

b) SMS data: who sent to, when 

c) internet used  

Author Ellen Hallgren 

Date 
 

2011-10-10 

6.1.8 Functional requirements 

This first version of the functional requirements was based on the use cases. These functional 

requirements were approved by the user and subsequently by the product owner. In the first iteration 

of the development work not all functional requirements will be developed, but a number of the most 

important functional requirements will be chosen. 

Telephone Number 

TN 1 The system should be able to receive requests from a user for test numbers for a certain group 

TN 2 The system should be able to search for test numbers according to the following search criteria: 

Group (AKI, FT, MA), Created. Source : Leonard Broman   

TN 3 The system should be able to find information if a number is opened or canceled. Source: 

Leonard Broman   

TN 4 The system should be able to return a test number to the user by displaying it with the following 

information: Opened or canceled 

TN 5 A user should be able to add a number to the database by typing in the number. Source: 

Leonard Broman   

Subscription information 

Su 1 The system should be able to display which subscription types are available 

Su 2 The system should be able to receive requests for a certain subscription type 

Su 3 The system should be able to find out which subscription type is assigned to a number  
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Su 4 The system should be able to search for test numbers with a certain subscription type 

Su 5 The system should be able to set a certain subscription type to a test number 

Service  

Se 1. The system should be able to display which services are available for the chosen subscription 

type 

Se 2. The system should be able to receive requests for a certain service 

Se 3. The system should be able to add a certain service to a subscription for the chosen test number 

Information: The service is added to a subscription.  

Booking  

Bo 1. The system should be able to receive a request for free test numbers 

Bo 2. The system should be able to display which user has booked the test number 

Bo 3. The system should be able to store the information about a booking in a database 

Bo 4. The system should be able to make a test number booked in a database and store information 

about which user has booked the test number 

Bo 5. The system should be able to search for test numbers that are free or booked by the current 

user  

Bo 6. The system should be able to fetch user information when a user starts using the system 

Balance 

Ba 1. The system should be able to add a balance to a test number by request that the sub-system 

that handles the balance adds the test number  

Data traffic for calls, SMS and internet 

DT 1 The system should be able to display that you can add traffic data to a test number. Source: 

Alexander Hellström 

DT 2 The system should be able to receive requests for a certain type of data traffic. Source: 

Alexander Hellström 

DT 3 The system should be able to send requests to a subsystem that a subscription or service should 

be filled with the corresponding data traffic. Source: Alexander Hellström 

Information: To fill a service or subscription with traffic data, the subscription or service must first have 

a balance.  
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6.1.9 Design restrictions 

The following design restrictions will be followed during the development work so that the future 

maintenance of the application will be made easier. Also following these design restrictions will simplify 

a future deployment of the application.   

 Programming language will be: Java 

 Web applications with Struts2 

 Maven (archetype) 

 Jetty plugin for Maven  

 Distributed version control system: Git  

6.1.10 Mock Up 

This mock up is drawn based on the use cases that were presented earlier in this document. This is the 

first proposed start page.  

  

Figure 4 The start page for searching Telephone numbers 

This is the second page that happens after a user has pressed search on the first page.  
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Figure 5 Happens upon click search on the start page 
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7 Development environment 
During the development of the application different tools and techniques were being used.  In this 

chapter these tools and techniques will be presented. 

7.1 Maven 

“Maven strives to simplify day-to-day development by ensuring an easy, repeatable process for 

configuring, managing, and interacting with Java-based software projects” (Fisher and Murphy, 2010). 

7.1.1 POM  

POM stands for Project Object Model which is the configuration for a project or a module in a project 

(Fisher and Murphy, 2010).The POM includes information about how a project is built, for instance 

dependency to other projects, build requirement etc. (Ching and Porter, 2009). When building or 

compiling, all of the project’s dependencies are downloaded from the Maven repository. If the version 

for a dependency has been updated in the POM, then that version for the dependency will be 

downloaded and the dependency has then been updated (Fisher and Murphy, 2010). 

The POM also includes information about the project such as project resource information location 

(source code and continuous integration etc) and the Maven coordinate of the system. The Maven 

coordinates can be used by other Maven project when they want to reference to this project. The 

Maven coordinates are group ID, artifact ID and version. Group ID is the ID to a collection of related 

modules. Artifact ID refers to a certain module within the group.  

Maven uses inheritance in such a way that a project can share information from a common ancestor of 

the project, information from the parent’s POM. A project that has a parent is a module. A project can 

be composed of many modules (Ching and Porter, 2009). 

7.1.2 Archetype 

An archetype is a template project that can be used for a certain type of module (Ching and Porter, 

2009). On the Apache homepage there exist a couple of Maven Archetypes for Struts together with 

instructions on how to create an application using an archetype. Depending on what kind of application 

you would like to create you can choose what kind of Struts Maven Archetype you would like to use 

(Apache, 2006a).   

7.1.3 Jetty Plugin  

Jetty is a Java servlet container that can run web application in a Jetty container. To start the jetty server 

you only have to type the following command in the terminal: mvn jetty:run (Ching and Porter, 2009). 
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7.2 GIT 

Git is a distributed version control systems. Upon check-out the new repository fully mirrors the 

repository being checked-out, not only the latest version of the files gets checked-out but every version 

of the repository gets checked-out, in other words the whole repository. So every server that has a 

repository with a checked-out project can be replaced by any other checked-out project on any other 

server’s repository. This is not a case for Centralized Version Control System, VSN. For VSN there is a 

single server, central VCS server, that has all of the versioned files, and upon check-out only the latest 

version gets checked-out. If the central server dies then the versioned data would no longer exists 

(Cachon, 2009).  

Some of the goals that existed when developing Git were speed, strong support for non-linear 

development (thousands of parallel branches) and ability to handle large projects like the Linux kernel 

efficiently (Cachon, 2009).  

Another difference between VCS and Git is how they save files. VCS saves the files and then saves the 

changes made to each file every time changes occur.  Git saves a picture of what the files look like and a 

reference to that picture. If the file has not been changed then only a link to the previous identical file is 

saved (Cachon, 2009).   

With Git almost every operation is local, which means that you can work even when you are offline. In 

Git there are three stages: committed, modified and staged. Modified are the changes you have made 

but have not committed yet. Staged are the changes that will be committed at your next commit. When 

a change is committed it means that it is stored in your Git directory (Cachon, 2009). 

7.3  Spring 

Spring is a lightweight Inversion of Control (IoC) container. What is inversion of control? “When object 

location or instantiation is removed as a responsibility for a given bean and instead left to the 

framework, control has been inverted“(Fisher and Murphy, 2010). 

A bean is a component in the Spring framework; it can be any Plain Old Java Object (POJO) (Mak, Long 

and Rubio, 2010). POJOs are plain in such a way that they do not implement interfaces neither do they 

extend specified classes. A Javabean is a POJO but a POJO does not have to be a Javabean. Javabeans 

have some special properties. They are serializable, have a public, default nullary constructor and have 

also public getters and setters for each property (Fisher and Murphy, 2010).  

The two types of IoC container implementation that Spring provides are bean factory and application 

context. The bean factory is the basic one and the application context is an compatible extension of the 

bean factory and is more complex (Mak, Long and Rubio, 2010).  .  
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The containers create and manage all dependencies. The beanfactory groups beans and wires 

collaborating dependencies together, e.g. a bean might need another bean for some method. The 

application context looks up beans by name or type (Fisher and Murphy, 2010).  

7.4 Hibernate 

Hibernate is an Object-relational mapping (ORM) framework (Fisher and Murphy, 2010). What is object-

relational mapping? For a Java application Object-relational mapping is the automated persistence of 

objects to tables in a relational database. For example for every object there exists a corresponding 

table. The ORM uses metadata for describing the mapping that exists between these objects and the 

database. It also transforms the data from objects to tables and the other way around (Bauer and King, 

2007). Metadata mapping define mapping in a tabular form between objects and fields in the database 

(Fowler, 2003).  

The reason why you would like to use an ORM is that by using an ORM your code gets more abstracted 

away from interfacing directly with a database. It no longer deals with lower-level concerns. By doing so 

it gets easier to switch to a different database or persistence technology (Fisher and Murphy, 2010).  

7.4.1 AOP 

AOP stands for Aspect-Oriented Programming. In practice, AOP works like that new functionality can be 

injected before, after or around a method. That way a class’s methods can be altered (Fisher and 

Murphy, 2010). Interceptors are used for encapsulation the behavior of an aspect; they are mixed in the 

execution flow and are delegated to mainly before and after a method is invoked. Then there are point 

cuts that define where aspects should be weaved. AOP is used when extending from a base class does 

not make sense since the code that will be used has little to do with the main purpose of the class 

(Fisher and Murphy, 2010).  

7.4.2 Persistence 

With persistence an objects state can outlive the process that created the object. This can be done by 

saving the objects state to disk. Later the object’s state can be recreated (Bauer and King, 2007). 

JPA stands for Java Persistence API and is the Java standard for persistence. When choosing to follow 

the JPA specification instead of using the specification for Hibernate the portability of the application to 

other JPA implementations will be higher. So going from Hibernate to another JPA implementation is 

less troublesome.  The EntityManagerFactory creates EntityManager instances that are the database 

connections.  If you add the JPA annotation @Entity and @Id to a POJO it becomes a persistable object 

(Fisher and Murphy, 2010).  
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Spring based persistence tiers have the following layers, the Domain model, Data access object layer and 

the Service façade.  Layering is a technique where each layer focuses on one task and where there 

should be little coupling between different layers (Fisher and Murphy, 2010).  

7.4.3 Domain model 

The Domain Model is made up by objects that model the business area; each object represents some 

meaningful individual, for instance, a corporation or a line in an order form. The coupling between this 

layer and other layers should be kept to a minimum. With minimum coupling between the Domain 

Model layer and other layers it becomes easier to modify, build and test the Domain Model layer. This is 

important since behavior of business changes frequently (Fowler, 2003). 

A domain entity is often represented by a table in the database. The domain class defines properties 

that then get persisted in a database. The relationship between a database and a domain class is 

handled by an ORM framework such as hibernate (Fisher and Murphy, 2010). Hibernate does this by 

Mapping. Properties and references in the domain classes are translated to tables, fields and 

associations in the database. Through mapping hints are given to Hibernate saying for example which 

property corresponds to which field (Fisher and Murphy, 2010). To define the domain model’s mapping, 

rules XML or annotation can be used (Fisher and Murphy, 2010). In the text above JPA annotation 

(@Entity and @Id) is being used.  

7.4.4 Data Access Object layer 

The data access object layer (DAO layer) defines saving and querying of the domain model data. This is 

used to abstract details to database such as lower-level persistence functionality, for example, Creating 

Reading Updating Deleting entities (CRUD) (Fisher and Murphy, 2010). 

7.4.5 Service façade 

The service façade contains the application business logic. In the service layer the Aspect-Oriented 

Programming (AOP), support is best utilized (Fisher and Murphy, 2010). The service layer defines the 

application’s boundary, the boundary separating the Domain Model and integrated applications such as 

User Interfaces. It provides a layer of services that provides a set of operations. It also handles the 

application’s response to each operation.  For example in order to perform basic CRUD operations on 

domain object different integrated applications must be notified. The responses to the notification are 

coordinated and transacted automatically by the operations found in the Service layer (Fowler, 2003).   

7.5 Struts 2  

Struts is a Java web application framework (Newton 2009) based on the Model View Controller pattern 

(Roughley, 2006). What is different with Struts 2 compared to Struts1 is that it allows Dependency 

Injection (Newton 2009). Dependency Injection is as stated by Fisher and Murphy (2010) 



 

34 | P a g e  

 

Through constructor arguments, factory method parameters and setters the objects that classes interact 

with are specified. The Spring lightweight container handles how the dependencies are set and created. 

This means that creating a complex tree of dependencies is no longer a problem for developers 

(Roughley, 2006). An example of dependency injection is that a certain class needs a service. By defining 

a bean for the service and passing a reference to the bean to the class no direct setting of the service is 

necessary.  

The Model-View-Controller pattern is implemented by using the following core components: actions, 

interceptors, value stack/OGNL, result types, results/view technologies (Roughley, 2006).The filter 

dispatcher works as the controller in Struts, all activities starts from the filter dispatcher.  HTTP request 

gets directed to controller that verifies the request URI and, depending on what the URI is, invokes the 

corresponding action and instantiate the Java action class. The matching between URIs and action 

classes is done by the configuration file struts.xml (Kurniawan, 2008). The action returns a result, such as 

SUCCESS or FAILURE, that will be executed and returned to the browser.  The results decides what the 

browser will display, usually it is a JSP page that then is rendered to HTML (Newton, 2009). 

Actions are the operations that an application can perform. Action objects are the POJOs that are 

associated with an action (Kurniawan, 2008), since they are built like POJOs, they are not tied to the 

servlet specification.  Non-POJO aspects are handled by the ActionSupport superclass’s default 

implementation (Newton, 2009).  

The Interceptors handles validation, page setup, access to session and request parameters etc. (Newton, 

2009). For Spring it means that the interceptor gets delegated to before or after a particular method is 

invoked (Fisher and Murphy, 2010). Requests are also filtered through interceptors (Newton, 2009). 

7.6  Refactoring 

Fowler (2000) defines refactoring as “the process of changing a software system in such a way that it 

does not alter the external behavior of the code yet improves its internal structure. It is a disciplined way 

to clean up code that minimizes the chances of introducing bugs”.  

There are some advantages with refactoring. One of them is that it makes software easier to 

understand. Refactoring should not be confused with performance optimization. Performance 

optimization often makes the code difficult to understand while the whole point of refactoring is making 

the code more maintainable and easier to understand for humans. Also in refactoring, observable 

behavior stays the same (Fowler, 2000).  

Another rational for refactoring is that it makes the software easier to understand. Often it is easy to 

forget one of the users of the system which is the future programmer that will continue the 

development of the application.  
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 There exist many different sorts of refactoring. One of them is the rename method. This refactoring 

came about because it is difficult to find out what a method does. The name of the method should 

communicate its intention. A good way of deciding the name of the method is thinking about what the 

comment for the method would be (Fowler, 2000).   

7.7 Patterns 
Patterns focus on solutions. A solution deals with solving one or many recurring problems (Fowler, 

2003). The patterns are rooted in practice and helps creating a vocabulary about design. A pattern 

should be applied to the circumstances, meaning it should be tweaked in some way when used (Fowler, 

2003). 

7.7.1 Mapper  

A mapper is an object that sets up a communication between two independent objects (Fowler, 2003). 

This pattern is used when you have two sub-systems that should stay ignorant of one another. The sub-

systems will not be aware of the communication. This pattern decouples different parts of the systems 

and the sub-systems have no dependency introduced because of this interaction (Fowler, 2003). If a 

sub-system is changed and maybe deleted, this change does not mean that the other sub-system has to 

be changed. 

7.7.2 Data Mapper   

Data mapper is a layer of Mappers. This layer of Mappers is responsible for moving data data between 

objects and a database. While doing this the Mapper keeps the objects and the database independent 

of one another and from the Mapper (Fowler, 2003). 

This layer separates in-memory objects from the database; it transfers data between the two of them 

and isolates them from each other.  The in-memory objects do not know that a database exists and even 

the Data Mapper is unknown to the domain layer (Fowler, 2003).  

7.7.3 Repository  

In the repository exists query construction code. This layer exists between the data mapping layers and 

the domain layer. The domain layer will have no direct access to the data mapping layer and will not use 

SQL. Instead the domain layer will code in objects and make requests to the repository. This is very 

useful when there is a large number for domain classes and heavy querying (Fowler, 2003).   

7.7.4 Data Transfer Object  

Data Transer Object, DTO, is an object that is used for carrying data between processes. This is useful for 

reducing the number of method calls (Fowler, 2003). Instead of making a method call for each property 

of the DTOone call can be made upon which the DTO is returned.    

7.8 Layering  
Layering is a technique for handling complicated software products. A layer is composed of different 

components and it is essential that all components that are a part of a layer work at the same level of 

abstraction (Buschmann, 1996). Each layer has a lower layer, except the lowest one, and a higher layer, 



 

36 | P a g e  

 

except for the highest one. The higher layers use the services defined by the lower layer. However, a 

layer hides its lower layer from its higher layer so that each layer only has access to the layer directly 

under them. Lower layers are unaware of the higher layers (Fowler, 2003).   

A possible scenario for how layered applications behave is the following. A client layer sends a request 

to Layer N. N cannot perform the requests, but needs to call Layer N-1 for performing sub-requests. This 

can go on till the lowest layer, Layer 1, is sent a request. If it is necessary that data is sent back, or any 

kind of reply is needed then replies to requests are passed back up until they reach Layer N (Buschmann, 

1996).  

7.8.1 Benefits and Downsides 

There are several benefits with using layering, for one it minimizes the dependencies between layers, it 

makes it easy to substitute one layer’s implementation with another alternative implementation and 

once a layer is built it can be used by many higher-level services. One downside is that if layers does not 

manage to encapsulate something then when you make a change in one layer then changes has to be 

made in all layers. Another downside is that the transformation of one layer to another can harm 

performance (Fowler, 2003).   

7.8.2 Three principal layers 

The three principal layers are presentation, domain and data source. The presentation logic handles the 

interaction between the user and the software. The domain logic is the business logic. The data source 

logic is the communication that takes place with other systems that carry out tasks on the behalf of the 

application (Fowler, 2003).  

7.8.3 MVC 

In the, Model View Controller (MVC), pattern the model object represents information about the 

domain, non-visual data and behavior. In its pure OO form, the model is an object within the domain 

model. The view displays the model in the UI, maybe as HTML information from the model. The 

controller handles the changes that take place to the information; it takes user input and manipulates 

the model with that input. It also causes the view to update. In the MVC, the presentation depends on 

the model but the model does not depend on the presentation (Fowler, 2003).   
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8 Developing the tool 

I started off by setting up the development environment that I needed in order to be able to start 

developing the first prototype of the Search test data application, hereafter called STD-app.  I 

downloaded and installed Maven 3, Git and Eclipse IDE for Java EE Developers (The Eclipse Foundation, 

2011).  

I was going to use a framework called Struts 2. In order to understand how to use Struts I read the 

“Getting Started” tutorial (Apache, 2011). I chose to use a Struts 2 Maven archetype called “The starter 

archetype “(Apache, 2006a). I then started to change the archetype into my first prototype.  During this 

period, a lot of time was spent deciphering error messages and learning how to use the Struts 2 

framework.  

8.1 Feedback after first demo   

After the first demo of the prototype for the product owner I got some feedback. One of the new 

behaviors of the application was that the search should behave like a filter. These functional 

requirements were added to the requirements specification: 

SB 1. If a user chooses a search criterion the application should filter so that only the telephone 

numbers fulfilling that search criterion are displayed. Source: Leonard Broman, Date: 2011-10-31 

SB 2. If no choice is made for a certain search criterion no filtering for that search criterion should be 

made. Source: Leonard Broman, Date: 2011-10-31 

SB 3. If a couple of search criteria are chosen only the numbers fulfilling all of them should be 

displayed. Source: Leonard Broman, Date: 2011-10-31 

SB 4. If no search criterion is entered all of the numbers added to the database should be displayed. 

Source: Leonard Broman, Date: 2011-10-31  

Also concerning the subscription I got some feedback:  

Su 6 When a subscription is entered as search criteria the user should be able to see what the 

subscription abbreviation means. Priority: Low Source: Leonard Broman, Date: 2011-10-31 

8.2 Database connection 

A MySQL database was installed and a database for the application was created. Now the information 

about the test data was to be entered in the database so that upon a search the database would find the 

telephone numbers that fulfilled the search criteria and display them.  
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In order to learn how to add an ORM, Hibernate, to the application I used the “Struts 2+ Spring 2 + JPA + 

AJAX” tutorial (Apache, 2006b). It was a bit old and some of the code was deprecated but after 

searching on the internet and tweaking it a bit I managed to get it to work. Now information that was 

entered was saved in the database. I tested this functionality by typing in the telephone number, 

subscription type and group. This information was then saved correctly in the database. Another new 

functionality was that when searching for a test number the test numbers with the search criteria, 

subscription type and group, is displayed. Also logging was added to the code so that when I was unsure 

of what the parameters were set to, I could use logging to display that information in the terminal.    

The next step was to make calls against EFS and add the subscription type that was bound to a 

telephone number that existed in the test environment. Then this information was to be added in the 

database. There existed already classes with methods that made calls to EFS, calls that retrieved 

subscriber information about a number. I decided to use these classes. I wrote the code so that when a 

user entered a telephone number the application made a call to EFS requesting the subscription type 

and then saved the returned subscription type into the database.   

 

Figure 6 First draft of database table 

8.3 New requirements 

During the work with developing the application I have learned different new requirements from the 

users and information about how the test numbers work.  One of the old requirements was if the test 

number was “created” or not. The meaning of this requirement was not clear so after making some 

questions, I deduced that there are a couple of different numbers: 

Does not exist in any of the test environment (neither A, B or C) 

 Is not a valid telephone number  

 Exist in reality – is used in the production environment 

 Have not been created in the test environment but can be added to it  

Exist but 

 Is canceled – takes six months before it can be used again 
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 Is closed – can easily be reopened 

The ones that exist are the ones that are the ones that are said to be “created” in the current test 

environment.  This lead to this new requirement: 

DB1. The system should validate if the inserted number exist in the test environment or not. Numbers 

that are not canceled and that does not have a subscription does not exist in the test environment.  

DB2. The information about whether a telephone number exist or not in the current test 

environment should be saved in the database.  

Finding out if a telephone number is opened or canceled is rather tricky to do in the current test 

environment so the following requirement was also added:  

DB3. The system should be able to tell if a subscription is canceled or not and this information should 

be saved to the database. Source Leonard Broman, Date 2011-11-16 

The requirements DB1 and DB2 are dependent on this requirement because without the information if a 

subscription is canceled or not you cannot verify if a telephone number exist or not.  

Adding a number at a time can be very time consuming. And in order to test if the requirement DB3 was 

fulfilled or not the system had to go through a lot of different numbers before encountering a number 

that is canceled. If multiple numbers could be added at a time, it would speed up the process of finding  

a subscription that was canceled. Adding this sort of functionality made it possible to test if the function 

that was looking for a canceled test number was working correctly or not. These new requirements 

were added:   

DB4. A user should be able to add multiple telephone numbers, ranging from a number to another.   

DB5. When adding multiple number the system should validate that 

 End and start number has been entered. 2011-11-21 

 End number is bigger than the start number. 2011-11-21 

DB6. When a number/numbers has been added to the database the next page displayed should be of 

the numbers added. Source: Leonard Broman, Date: 2011-11-18 

When emptying the table of telephone numbers and groups I discovered that the group search criterion 

still existed even though no groups existed in the database. After talking to the product owner about 

this these new requirements were written: 

SB 5. The system should get the information about which groups can be used for search criteria from 

the saved groups that exist in the database. Date: 2011-11-18 
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SB 6. If no groups are added the group search option should not be displayed to the users.  

These new requirements were added by the product owner about how the information should be 

updated:  

DB7. A user should be able to update the information for a certain telephone number by pressing an 

update button situated next to a number at its display page. Source: Leonard Broman, Date: 2011-

11-21 

DB8. If a number that already exists in the database is added again an update should take place of the 

number’s properties: Subscription, group. Source: Leonard Broman, Date 2011-11-16 

However instead of implementing DB7 I instead implemented an edit function that upon edit updated 

the information about a number. This was due to misinterpretation on my part.  

8.4 Feedback from users 

The feedback from the users was positive. One of the comments during the demo of the system was 

“when will I be able to use this system?”. There was not so much time left for implementing new 

functions. So this meeting was a good chance to find out how I should use the time that was left. A new 

user requirement is the one that you can see below:  

DB9. There should be a field where the user can add some comments about the number. Source: 

Alexander Hellström, Date: 2011-11-21 

The user also expressed concerns about how many requests EFS can receive from the application before 

the application disturbs some other systems. A limit was created to how many numbers a user can add 

to the database: 

DB10. A user can only add 100 numbers at a time when adding multiple numbers.  

One of the users said that the requirements about services are not seen as being very important.  Also 

the user expressed concerns that it might be difficult to add information about which services are tied to 

a number.  After some discussion, it was decided that maybe this functionality could be added to a later 

version of the system. On one of the user demos, some bugs were discovered. These bugs were 

corrected.  

8.5 Architecture and Patterns 
When building the application there existed a couple of requirements concerning the design of the 

application. 
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Di1. The application should only display a limited number of results after a search and after a request to 

list all the existing test numbers in the application. The results should be separated in pages, and the 

user should be able to navigate between the pages. Source: Leonard Broman, Date: 2011-11-21  

Di2. It should not be possible to make infinite calls to the database.  Source: Leonard Broman, Date: 

2011-11-21 

Di3. The POJO that is an entity and that is saved in the database should be separated from the other 

layers. Instead a DTO should be used for handling data being entered by the user and for 

transferring data between different layers. No direct input should take place where the user enters 

information directly into a database object. Source: Leonard Broman, Date: 2011-11-18  

The second requirement Di2 is so that when selecting from the database it should be impossible to do 

an infinite request. When testing the application, only a couple of test numbers were added to the 

database but in the future it is possible that a great amount of numbers will be added. In requirement 

Di1, only a limited number of test numbers will be displayed and only that limited number of test 

numbers will be retrieved from the database. Also this requirement concerning the architecture of the 

application was elicited: 

Di4.  A repository should be created. By using the repository all SQL calls to the database should be 

handled by the repository. The developer should only have to use the functions written in the 

repository interface and not write any SQL-code.  

Refactoring was taking place during a larger part of the development of the application, e.g. renaming of 

methods and variables was taking place.  

8.6 Functional Requirements Fulfillment  
All of the requirements with the prefixes TN, Telephone number, SB, Search Behavior, and Di were 

fulfilled. Also almost all of the requirements for SU, Subscription Information were fulfilled. None of the 

requirements for Se, Service, Bo, Booking, Ba, Balance and DT, Data Traffic were fulfilled.  For full list of 

which requirements were fulfilled see Appendix B: Functional Requirement Fulfillment. 

8.7 Testing 

For all of the requirements that were fulfilled testing was performed, except for the requirement Di2. All 

of the test cases passed. For full list of test cases see Appendix C: Test Cases. 

8.8 Final Application 

The screen shots that can be seen below are of the deployed application.  All pages are displayed here 

except for the list page. This page is displayed when a user wants to have all of the test number added 

to the application displayed. This page is also displayed after a successful search and after adding one or 

multiple number. This page displayed the following properties of a test number: 
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 Telephone number 

 The group it is booked by 

 The subscription type 

 The longer plain text description of the subscription type 

 If the number is canceled or opened 

 If it exist in the test environment 

 Comments 

8.8.1 Search page 

 

Figure 7 Search functionality 

This is the first page that the user comes from when opening the application. Here you can chose 

between the following search criteria: 

 Group 

 Subscription type 

 Canceled  

Group is the group that is using the number for testing. Subscription type is the subscription type that a 

test number has. Canceled is if a test number has been canceled or not. There are three choices, 

canceled, open and none. If a user does not choose anything here, the system returns the same results 

as if the user chooses none. A user can leave any field blank and that search criterion will not be 

included in the filtering of the chosen search criterion. In this picture, the user searches for test numbers 

that belong to the group ma and are canceled. 
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8.8.2 Add page 

 

Figure 8 Add functionality 

This is the page that a user comes to if it presses the Add link displayed on the left side of the 

application. A user can here add a test number, choose a group and add a comment. In this example the 

user has chosen to add the number 0706212121, the group aki and no comment. 
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8.8.3 Add range page 

 

Figure 9 Add range functionality 

A user can chose to add multiple numbers ranging from a start number till an end number. The user can 

choose that the number will belong to a group and that a comment should be added to each number. In 

this example the user has chosen to add all the test numbers ranging from 0706212120 to 076212130 

and added that they should belong to the group ft.  
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9 Discussion and continued work 

At the end of this thesis a proposal was presented to the Maftaki team at Tieto in the form of a Test data 

handler application.  During the Part 2 most of the research questions were answered. Maftaki team 

way of working was examined, and impediments were found. To solve this problem a new tool was 

developed and the tool was a test data handler application. Finally some simple testing was performed.  

One of the weaknesses with the application is that no unit testing has been performed. Also more test-

cases could have been developed in collaboration with the users. The application was neither tested for 

usability. If someone decides to continue developing this application I would strongly encourage them to 

make some unit-tests for this application. There are many things that could be done in the future of this 

application. The graphical interface could be changed and more requirements could be implemented. 

Also more research could be done about finding out how test number could be added in some of the 

sub-systems and how some properties could be connected to a test number.  
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11 Appendices 

11.1 Appendix A: Dictionary  

AOP  Aspect-Oriented Programming 

CRUD  Creating Reading Updating Deleting 

DAO  Data Access Object  

DVCS  Distributed Version Control Systems  

EFS  Core system where making calls in order to get information about telephone numbers, testing 

etc.  

Git  A DVCS  

GUI Graphical user interface  

IoC  Inversion of Control 

JPA   Java Persistence API 

MVC  Model View Controller, a pattern 

OWL A GUI towards the AHS, and is used for administrating test numbers among other things.  

POJO Plain Old Java Object 

POM  Project Object Model 

Scrum Management and control process 

Test data  Telephone number that is used for testing in the test environment 

Test number  Telephone number that is used for testing in the test environment 

VCS  Version control system 
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11.2 Appendix B: Questionnaire Problem Analysis 

11.2.1 Inledande del 

Syftet med examensarbetet: Syftet är att ge ett förslag på ett verktyg som kan underlätta Maftakis sätt 

att arbeta 

Syftet med intervjuerna: Att ta reda nuvarande arbetsätt. 

Får jag spela in? 

11.2.2 Överblick av arbetsuppgifter 

1. Vad är syftet med din arbetsuppgift?  

2. Hur får du nya arbetsuppgifter?  

a. Vad får du för information när du påbörjar nya arbetsuppgifter?  

3. När är en arbetsuppgift färdig? 

a. Vad lämnar du ifrån dig för något?   

4. Mellan att du får en ny arbetsuppgift till att du lämnar ifrån dig den vilka aktiviteter utför du?  

a. Vad använder du för verktyg? – (vad är positivt/negativt) 

b. Hur skaffar du tillräcklig information? 

i.  Ifrån vem skaffar du dig den? 

ii. Vad för information saknas? 

c. På vilket sätt är din förmåga att utföra en viss arbetsuppgift beroende på yttre faktorer? 

11.2.3 Projekt och Prioritet  

5. Arbetar du med projekt, small Development eller felhantering?  

6. När du arbetar i ett projekt: Hur vet du vad du gör, vad du ska göra och vad som du har gjort? 

7. Hur vet du när det gäller andra som är med i samma projekt?  

8. Arbetar du i mer än ett projekt åt gången? 

a. Hur vet du vad som du ska göra i varje projekt? 

b. Hur prioriterar du din tid mellan olika projekt?  

c. Hur hanteras akuta ärenden och vad är akuta ärenden?  

d. Vad har du för ansvar? 

e. Vad skulle du säga fungerar bra och fungerar dåligt? 

f. Hur ofta sker releaser?  

9.  Arbetar du med mer än uppgift åt gången?  

a. Hur många?  

b. Av vilket slag? 
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10.   Hur prioritera du mellan dessa uppgifter?  

a. Hur bestäms det, bestämmer du själv hur du vill prioritera eller sker det i samråd med 

andra?  

b. Finns det några regler för hur det ska prioriteras?  

c. Vad har högst/lägst prioritet, hur hanteras nya ärenden, hur sker omprioritering? 

d. Vad gör du om du har för mycket arbete?  

e. Finns det någon kontroll så att du inte får för mycket arbete? 

f. Finns det något som hindrar dig ifrån att utföra dina arbetsuppgifter? 

g. Vad gör du då du stöter på något som hindrar dig från att utföra dina arbetsuppgifter? 

11.  Hur hanteras uppgifter som inte tillhör ett projekt/ small developement?  

11.2.4 Förändringar 

12.  Vilka forum finns för att diskutera nuvarande arbetsätt, förbättringar och problem? 

a. Hur går dessa till?  

b. Hur sprids kunskap om förbättringar mellan olika team och enheter?  

c. Finns det någon uppföljning? 

d. Vilka forum finns för att ta upp problem när det gäller den dagliga verksamheten?  

e. Vad fungerar bra och vad skulle det kunna göras för förbättringar? 

f. Vilka möten finns?  

11.2.5 Rapportering av fel 

13. Hur fungerar felhanteringen?  

a. Används något verktyg? 

b. Vad fungerar bra och vad fungerar dåligt? 

11.2.6 Avslutande del 

14. Finns det något mer som du skulle vilja tillägga? 
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11.3 Appendix C: Functional Requirement Fulfillment  

F.Req. 

Result before 

test Fulfill? Comment 

TN1 Fulfilled     

TN2 Fulfilled     

TN3 Fulfilled     

TN4 Fulfilled     

TN5 Fulfilled     

        

Su1 Not fulfilled No 
Since a database was implemented you can find the information 

about which subscription types exist from the database.  

Su2 Fulfilled     

Su3 Fulfilled     

Su4 Fulfilled     

Su5 Not fulfilled No It is unclear if the application should be used for changing data.  

Su6 Not fulfilled     

        

SB1 Fulfilled     

SB2 Fulfilled     

SB3 Fulfilled     

SB4 Fulfilled     

        

DB1 Fulfilled     

DB2 Fulfilled     

DB3 Fulfilled     

DB4 Fulfilled     

DB5 Fulfilled     

DB6 Fulfilled     

DB7 Not fulfilled     

DB8 Fulfilled     

DB9 Fulfilled     

        

Di1 Fulfilled 

  Di2 Fulfilled 

  Di3 Fulfilled 

  Di4 Fulfilled 
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    Se1 Not fulfilled     

Se2 Not fulfilled     

Se3 Not fulfilled     

    Bo1 Not fulfilled     

Bo2 Not fulfilled     

Bo3 Not fulfilled     

Bo4 Not fulfilled     

Bo5 Not fulfilled     

Bo6 Not fulfilled     

    Ba1 Not fulfilled     

    DT1  Not fulfilled     

DT2 Not fulfilled     

DT3 Not fulfilled     
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11.4 Appendix D: Test Cases 
Name Search for a group and  canceled 

Functional requirement  

 

TN1, TN2, TN4, SB1, SB2, SB3, Di1 

Preparation  A. Add a group to a number that is canceled. 

B. Open the search page 

Test steps 1. Choose a group  

2. Choose canceled 

3. Submit the request 

Expected result  A list showing the telephone numbers that are canceled and has the 

chosen group.  

Result  Pass 

 

Name  Search for a subscription type 

Functional requirements  

 

Su2, Su4, SB1, SB2, SB3, Di1 

Preparation  Open the search page 

Test steps 1. Choose a subscription type 

2. Submit the request 

Expected result  Shows the numbers with the entered subscription type 

Result  Pass 

 

Name  Empty Search 

Functional requirements  

 

SB4, Di1 

Preparation  Open the search page 

Test steps 1. Submit the request 

Expected result  All of the telephone numbers that are added should be displayed  

Result  Pass 

 



 

54 | P a g e  

 

Name  Add a number 

Functional requirements  

 

TB3, TN4, TN5, Su3, DB1, DB2, DB3, DB6, DB9 

Preparation  Open the add a number page 

Test steps 1. Type in a telephone number 

2. Type in a group 

3. Type in a comment 

4. Submit the request  

Expected result  The added number is displayed with its properties 

Result  Pass 

 

Name  Add a number already added  

Functional requirements  

 

TB3, TN4, TN5, Su3, DB1, DB2, DB3, DB6, DB8,  DB9 

Preparation  A. Add a number  

B. Open the add a number page 

Test steps 1. Type in the same number as added in preparation  

2. Submit the request 

Expected result  The added number is displayed with its properties 

Result  Pass 

 

Name  Add multiple numbers 

Functional requirements  
 

TB3, TN4, TN5, Su3, DB1, DB2, DB3, DB4, DB5, DB6, DB9 

Preparation  Open the add a range page 

Test steps 1. Add a start number  

2. Add a larger end number 

3. Add a comment 

4. Submit the request 

Expected result  All the numbers in the range should be displayed  

Result  Pass 

 


