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Abstract 
 

Ericsson AB is interested in conducting research 
into different ways to automate measurements and 
optimisations of GSM networks. A prototype to test 
different kinds of design hypotheses relating to this 
automation question has been developed in this 
project. This prototype will make it possible to test 
these design hypotheses of measurements and 
optimisations on actual users. 

One problem in the development of the prototype 
was how to collect data, which could be done in 
several ways. One way was to read the data from a 
database and another from an export file. The 
amount of data to collect could be large, and this 
report contains an investigation into which of these 
data collection methods that was best suited to the 
task. Both of these methods were implemented, and 
their performance compared. 

 
1. Introduction 

Ericsson develops, among other things, systems 
to maintain GSM networks (GSM - Global System 
for Mobile Communications). The company has a 
system that measures signal strength and signal 
quality etc in a GSM network. This system is called 
Measurement Result Recording (MRR), (see 
Section 2.3 for more information). If the measured 
signal strength is good and signal quality is bad the 
frequencies probably need to be reallocated. To 
reallocate frequencies Ericsson has another system 

that does this, called the Frequency Optimization 
eXpert (FOX), (see Section 2.4 for more 
information). For the moment this is done manually 
but the prototype that has been requested by Åsa 
Hedenskog (at Ericsson) will be able to 
automatically trigger FOX from threshold values in 
MRR. FOX should be triggered in a way so that 
FOX creates a recording according to the thresholds 
that are passed.  

To be able to form an opinion on how to trigger 
FOX it is important to read the MRR result and 
analyze it. The MRR result is accessible in different 
ways: one of them is from a SQL (Structured Query 
Language) database and another from an export 
file. If the data should be collected to an application 
written in Java (like this one), what are the benefits 
and disadvantages of the different data collection 
methods and which method should be selected to 
fetch the MRR results in this prototype? Finding a 
good answer to this question is also important for 
Ericsson because this could help them when 
deciding how to collect data in the future.  

Both ways to collect the data have been 
implemented and documented to allow them to be 
tested. When implemented and tested a decision 
could be made on which method that is more 
optimal in this application. 

 
1.1 Overview of Document 

This report describes the work that has been done 
in this degree project and the meaning and the 
functionality of the prototype that has been 
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developed. The document is designed to give 
information to users of the prototype, developers 
interested in how to build a prototype like this and 
people interested in how the work has been carried 
out and how the questions have been answered.  
 
♦ Section one includes the introduction to the 

project, the question that this project tries to 
answer and why this document has been 
written.  

♦ Section two includes the background to this 
project, why it has been made and what the 
prototype is supposed to do.  

♦ Section three includes the goals that are set 
up within this project and the delimitations. 

♦ Section four holds the time plan for this 
project. 

♦ Section five includes a risk analysis.  
♦ Section six describes the requirements for the 

prototype.  
♦ Section seven illustrates the design that was 

used when creating the prototype.  
♦ Section eight includes a description of the 

implementation phase.  
♦ Section nine shows the result of the prototype 

and describes its features.  
♦ Section ten includes the methods used in this 

project.  
♦ Section eleven includes the analysis that has 

been done in this project.  
♦ Section twelve includes future work and 

functionality that could be added in a future 
release.  

♦ Section thirteen includes an analysis of this 
project, time spent, lines of code etc.  

♦ Section fourteen includes a summary.  
♦ Section fifteen includes the 

acknowledgements. 
♦ Section sixteen includes concepts and 

acronyms. 
♦ Section seventeen lists the references used in 

this report. 
 
♦ Appendix A holds the Software Requirements 

Specification document. 
♦ Appendix B holds the Class Diagrams. 
♦ Appendix C holds Analysis Figures 

 
 

2. Background 
This project is a 10 points D level degree project 

taken by Kristian Brandtson at the master program 
Software Engineering at the university in 
Trollhättan / Uddevalla. The purpose of this degree 
project is to develop a prototype that can be used to 
test different grades of automation. These tests will 
be made by Åsa Hedenskog as an important part of 
her research undertaken at Ericsson AB in 

Linköping. Åsa Hedenskog needs a prototype in her 
future work, to have an opportunity to create real 
test cases on actual users.  

The main purpose of Hedenskogs work is to 
study the domain of network management, 
specifically the area dealing with optimizing the 
network performance. She has already done a lot of 
research with regards to the work situation for the 
primary user group (called ‘tuners’), such as how 
they perform their tasks and how they interact with 
software tools and colleagues. Her research has also 
included studies of the benefits and disadvantages 
of the tools they use [1].  

The next question Hedenskog wants to explore is 
the possibility of a completely automated system. It 
is a big question that includes a lot of important 
things like knowledge, trust, efficiency etc.  
 
The motivation behind this question is:  
 

• Firstly try to answer the question, in a 
business perspective, ‘how can we produce 
efficient and desirable software systems?’ 

• Secondly to try to answer the question 
‘how can we create good working 
environments for the system users?’ 
Specifically users of control systems for 
radio networks, but also for users in 
similar domains.    

 
To investigate this automation question 

Hedenskog has produced a model of how to test 
these questions. Based on the model she needs a 
working prototype to test this on actual users and 
that is where this degree project comes in, to 
actually build the prototype that automates some of 
the manual work for the ‘tuners’. 

As a first step in the creation of the 
prototype, two applications will be connected 
to each other. These two applications are: 
  
1. Measurement Result Recording 

(MRR), used for collecting measurements 
and compiling reports about network 
performance. 

 
2. Frequency Optimization eXpert (FOX), 

used for generating plans for how radio 
frequencies should be used in a more 
optimal way in the radio network. 

 
This degree project aims to use data from MRR 

to automatically start a FOX recording when some 
threshold values in MRR have been reached. A 
FOX recording in this case is when FOX measures 
the GSM-network and generates plans (reallocates 
frequencies) for the network. The triggering of 
FOX is today done manually by operators called 
‘tuners’. 
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2.1 GSM Network Elements 
The basic elements in a GSM network are: 

 
• A mobile station (MS) can be a mobile 

telephone, a fax having radio access or a 
laptop computer equipped with a radio 
modem. 

• A cell covers a certain geographical area. 
How large area it covers depends on a 
number of geographical and other 
constraints. 

• The base station handles the mobile traffic 
in one cell. 

• The base station controller (BSC) 
coordinates a number of base stations. 

• The mobile services and switching center 
(MSC) coordinates one or more BSCs. 

 
An overview where these elements come in into 

the GSM network is described in Figure 1. 

 

 

 
Figure 1: Overview of GSM network elements 
 

To get all these elements to communicate 
properly complex software (and hardware) is 
needed. To monitor and maintain the network 
Management Systems (O&M systems) are used. 
MRR and FOX (mentioned earlier) are examples of 
O&M systems. [1, 16] 
 
2.2 MRR 

Measurement Result Recording (MRR) is a tool 
for measuring the radio characteristics of the 
connections between Mobile Stations and the 
network. MRR records information on the radio 
characteristics of the dedicated channels and 
calculates statistics on the data recorded. 
The purpose of the MRR is to provide the operator 
with a facility for compiling statistics on the radio 
interface. The feature makes it easier for the 

operator to supervise the radio network. It also 
makes it possible for the operator to determine 
correlations within the collected data. [4, 5] 
 
2.3 FOX 

FOX (Frequency Optimization eXpert) is a tool 
with two modes: a semi automatic recommendation 
mode, which records and generates suggestions for 
frequency reallocations, and a fully automatic 
mode, which generates the suggestions and also 
implements the changes in the network. A 
frequency plan holds frequencies that have been 
suggested by FOX when a FOX recording has been 
done. The plan is optimized to minimize 
interference in the radio network. The interactions 
between FOX, MRR and the GSM network are 
explained in the next section. [2, 3] 

 
2.4 The prototype's role in the domain 

To get a better overview of the domain and what 
the prototypes role is in the domain a sketch has 
been made to describe it in an easier way. The 
sketch is found in Figure 2. 
 

 
Figure 2: The Domain. Describes how the prototype 
interacts with MRR and FOX 
 

MRR measures the GSM-network and its result is 
stored in a database. In the MRR tool thresholds 
can be set up for the recording. When MRR is 
finished the prototype can get the MRR result from 
the database, analyze the MRR result and the cells 
that passed the thresholds in the MRR recording, 
generate FOX properties from the analyzed data 
and then start FOX through a script. When FOX is 
started with the properties that the prototype 
generated, only the cells that passed the thresholds 
should be included in the recording. 
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ID Task Name Duration Start Finish
1 Project start 0 day s? Mon 04-03-22 Mon 04-03-22

2 Feasibility  study 5 day s? Mon 04-03-22 Fri 04-03-26

3 Requirements elicitation 7 day s? Mon 04-03-29 Tue 04-04-06

4 Design 5 day s? Mon 04-04-05 Fri 04-04-09

5 Implementation 20 day s? Mon 04-04-12 Fri 04-05-07

6  Writ ing report 32 day s? Thu 04-04-01 Fri 04-05-14

7 Half  time hand-in 0 day s? Fri 04-04-23 Fri 04-04-23

8 preliminary  f inal hand-in 0 day s? Mon 04-05-17 Mon 04-05-17

9 Final hand-in 0 day s? Fri 04-05-21 Fri 04-05-21

03-22

04-23

05-17

05-21

14 17 20 23 26 29 01 04 07 10 13 16 19 22 25 28 01 04 07 10 13 16 19 22 25 28 31 03 06 09
2004 April 2004 May 2004 June

 
Table 1: Different grades of automation 
 
 
3 Scope of the Project 

The goal with this project is to create a prototype 
that contains a start mechanism for FOX when 
threshold values in MRR have been reached. One 
might ask why FOX does not run all the time to 
hold the network performance at its best all the 
time. The answer to this question is that it is not 
possible because FOX shares resources with other 
O&M tools that also have to do different kind of 
recordings in the cells and they can not do this at 
the same time. Even if it was possible, it could 
strain the network in an unacceptable way. This 
prototype will help to make it easier to trigger 
updates of frequencies in a GSM network. 

There are four grades of automation in this 
project (see Table 1) where 2.0 is the most optimal 
grade. In this project we try to reach grade 1.7. 
These grades were set up under the requirements 
phase, with influence from the requirement holders 
at Ericsson. If the grade 1.7 is fulfilled and the 
prototype is successful, the functionality will be 
considered for implementation in a future release of 
the MRR tool and then, if implemented (by 
Ericsson themselves), grade 2.0 will be reached. 
The different steps describe the workflow of the 
prototype. Steps 2 – 5 are for the prototype and step 
1 and 6 are for a wider perspective.  

 
 

 
3.1 Project Delimitations 

In this project there will be no testing of design 
hypotheses. These tests will be done by Hedenskog 
after the prototype has been finished.  

 
4 Time Plan 

The time plan was set in an early stage of the 
project to define the projects content and the time 
each phase should take, see Figure 3. It was 
important that the time plan was held to get the 
project finished in time. Start of the project was the 
22:nd of Mars and the preliminary hand in was set 
to the 17:th of May, and then the final hand in was 
set to the 21:st of May. Another important 
milestone was the half time hand in that was set to 
the 23:rd of April.  

The projects total duration was 8 weeks and that 
was a quite short time considering the scope of the 
project. To set the different phase’s timeline a 
comparison with other finished projects were made 
to estimate the time each phase should/could take. 
The requirement elicitation phase should not start 
before the feasibility study and the implementation 
phase should not start before the design phase, this 
constitutes the critical path in the project. Writing 
the report could be done independently of other 
phases. 
 
 
5 Risks 

The risk analysis was made early in the project 
and was intended to identify negative events like 
misunderstandings, indistinct commission 
description and more. By doing a detailed risk 
analysis possible problems can be prevented and 
cleared out at an early stage. This was also very 
important to do so the project could be finished in 
time and the goals could be achieved.  
The risk analysis also includes a measure plan on 
how to prevent the risks with the highest risk factor 
(see section 5.3). 
  

Grades of 
automation Steps 
1 1.5 1.7 2.0 

1. Start an MRR recording. � � � � 

2. Start the prototype and get 
the MRR results. � � � ���� 

3. The prototype analyzes the 
MRR result. ���� ���� ���� ���� 

4. 

The prototype generates a 
cell-list and marks the cells 
that need to be included in 
the FOX recording. 

���� ���� ���� ���� 

5. Start FOX. � � ���� ���� 
6. Analyze the FOX result. � ���� ���� ���� 

 
Character explanation:   
�  = Manually 
���� = Automatically 

 

Figure 3: Time Plan 
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5.1 Identified risks 
In table 2 are the identified risks listed. The 

figures in the column 4 (Probability) and 5 (Effect) 
are estimated by the group members. In the 
probability column the higher figure means that it is 
a higher probability that the risk will occur. In the 
effect column the higher figure means that it will 
have a higher effect if the risk occurs. To get the 
Risk Factor, column 4 and 5 was multiplied. 
 
 
5.2 Prioritizing 

The risks with the highest risk factor were: 
 
• Mistakes during the analysis phase (12) 
• Mistakes during the design phase (9) 
• Mistakes during the implementation phase (9) 
 

These risks should be prioritized higher to reduce 
the chance that they will arise. 
 
5.3 Measure Plan 

Measures for the risks with the highest risk 
factor: 
 
5.3.1 Mistakes during the analysis phase. If 
anything is unclear ask directly for help, Ericsson is 
full of expertise. If anything already has gone 
wrong, redo it so it gets corrected. 
 
5.3.2 Mistakes during the design phase. Get the 
requirements as clear as possible in the analysis 
phase. If requirements have changed, rewrite the 
requirements. If the design gets wrong, redo it so it 
gets corrected.  
 
5.3.3 Mistakes during the implementation phase. 
Ask someone of the supervisors or someone at the 
RNO (Radio Network Optimisation)� team at 
Ericsson for help if anything in the implementation 
phase gets too hard to solve. Ask for help in time! 
 
 
6 Requirements 

A SRS (Software Requirements Specification) 
was done early in the project to identify the 
requirements. The SRS was written according to the 
IEEE 830-1998 standard [20, 21].  

The main requirements for the prototype in a 
product perspective are that the prototype is 
dependent on MRR results and FOX being 
available. The prototype should also be able to be 
used on the existing hardware at Ericsson and 
should be written in the programming language 
Java. As seen from a functional perspective the 
prototype should have an easy to use Graphical  

 

 
 
 

 
User Interface. The language used in the 

prototype should be English. Options that should be 
available to choose from in the prototype are: 

 
• Get MRR results from MRR result database.  
• Analyze the collected MRR results (what cells 

need to be included in the FOX recording) and 
create a log file/cell-list. 

• Generate properties to a FOX recording based 
on the results in the analysis phase.  

• Execute the script to start the FOX recording. 
• Help about the program. 
• About dialog. 
• Exit the program. 

 
Another important requirement is that only 

functions that are necessary for the user should be 
displayed. This requirement leads back to the 
requirement regarding a clean and easy to use 
Graphical User interface. See Appendix A, SRS – 

Risk 
ID Description Risk 

category Probability Effect Risk 
Factor 

R1 
Is it possible 
that the goals 
will change? 

Org. 
2 3 6 

R2 
Are the 
requirements 
too vague? 

Org. 
2 3 6 

R3 

Do we have 
sufficient 
knowledge on 
how to proceed 
with the 
project? 

Org. 

2 4 8 

R4 Illness Org. 1 5 5 

R5 

Lack of 
help/expertise 
to find in the 
problem area 

Org. 

1 4 4 

R6 Insufficient 
supervision? 

Org. 2 3 6 

R7 

Computer 
trouble 
(computer not 
working and so 
on) 

Tech. 

1 4 4 

R8 Access 
problems 

Org./ 
Tech 1 5 5 

R9 
Mistakes 
during the 
analysis phase 

Org. 
3 4 12 

R10 
Mistakes 
during the 
design phase 

Org. 
3 3 9 

R11 

Mistakes 
during the 
implementation 
phase 

Org./ 
Tech 3 3 9 

 
Org – organization 
Tech – technical 

Scale: 1 – 5 
1 = low probability 
5 = high probability 

Table 2: Estimated Risk Factors 
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Software Requirements Specification, for further 
information about the requirements.  
 
 
7 Design 
 
7.1 Use cases 

The Use Cases in Figure 4 describe the options 
which are available for the user. The Use Case 
diagram is created with Rational Rose [26]. 

 

Help

Set show props

Exit

User

Execute start FOX script

Generate FOX properties

Analyze MRR result

Turbo mode

Get MRR result

About

Edit FOX props

External window

 
Figure 4: Use Cases. A description about the 
different options that is available in the prototype.  
 
7.2 Class Diagram 

In the beginning of the design phase, quite a 
complex design for the prototype was evolved. This 
design was a component based design with three 
different components: a GUI component, a Logic 
component and a Database component. This design 
had 12 different classes, with the thought that each 
class should be responsible for just one thing and be 
loosely coupled. Having loose coupling makes it 
easier if a component needs to be maintained or 
switched [22, 27].  
Besides the ‘functional’ classes, the design also 
contained façade classes and controller classes - 

these are ‘Design Patterns’ [23], which are patterns 
in how to solve different kind of design problems. 

When creating this first design it was with the 
design advice given in previous courses in mind 
“classes are free”, “the more classes the better for 
the understanding of what each class does” [28] and 
so on. This design was not what Ericsson wanted so 
a new design had to be evolved.  The first design 
did not suit Ericsson because they thought that 
maybe it could get too complex and then be too 
expensive to maintain. Maybe this should have 
come forward already in the requirements but as 
Ericsson said later, it is more a design issue than a 
requirement issue. 
  

 
Figure 5(a) and Figure 5(b) describes the new 

design, Figure 5(a) describes only the classes and 
Figure 5(b) explains where different external 
files/script/database comes in. To view the Figure 
5(a) and Figure 5(b) in a larger size, see Appendix 
C - Class diagram. The class diagram is created 
with Rational Rose [26].  
 

The new design tries to keep the number of 
classes as small as possible but still have some 
dividing of responsibilities. The new design of the 
prototype ended up with only six classes:  

 
• One GUI class (Pifo) holds the main method 

and all of the GUI components except from the 
GUI parts in the external window class.  

• One Analyze class (AnalyzeAlgorithm) 
that contains the analysis algorithm for the 
MRR result.  

• One database handler (DBHandler) class that 
has the responsibility to collect the MRR result 
from a SQL Sybase database.  

• One file handler (ExportFileHandler) 
class that has the responsibility to collect the 
MRR result from an export file (tab separated 
text file).  

• One class also handles FOX properties 
(ScriptPropsToFile).  

• One class handles an external window 
(ExternalWindow) that displays FOX 
properties, help and about information to the 
user.  
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Figure 5(a): Class diagram of the prototype system      

    
  
8 Implementation 

The starting point in the implementation phase 
was to auto generate code from the class diagram 
displayed in Figure 5(a) with Rational Rose [26]. A 
top down method was used because Rational Rose 
generated almost empty classes and then the rest of 
the code/functionality was added step by step. An 
explanation to this is that the prototype grew out as 
more details were added.  

When the requirement about being able to 
‘change the FOX properties and save them to a 
property file’ needed to be implemented, a class 
called 'ExtendedWriter' (part of the free-to-use 
'extra' package created by Jan Skansholm [6, 8]) 
was used. 

 
9 Methods 

This project started with a feasibility study to get 
into the problem domain and be able to figure out 
how to solve the different problems that could 
come up later on in the project. After that, the 
requirements elicitation started to get the 
requirements so we had some requirements to 
follow in the implementation phase and make us 
aware of the work that had to be done. 

To have good communication with the 
supervisors at Ericsson, the requirement holders 
and other people with important information for 
this project, the ‘base’ for the project was set up at 
Ericsson AB in Linköping. 

 

 
 

 
 

 
Figure 5(b): Class diagram of the prototype system 
showing external files, scripts and databases 

 
 
An information website has been set up on the 

Internet with information about the project, 
members, meetings, project diary/time log and files 
etc. The website has been password protected to 
only give the people involved with the project 
access to the information. 

The programming language was chosen (by 
Ericsson) to be Java. Java is a good choice because 
it has support for everything that should be done in 
this project. [6, 8, 9, 10, 19] 
But the main reason why Java was chosen was 
because MRR is written in Java. It is also possible 
that the prototype will be implemented as a feature 
in MRR in the future.  

Most of the work regarding to the 
implementation phase has been made in a UNIX 
environment [7], but some small parts have been 
done in a Windows environment. All 
documentation has been done in Windows 
environment. 

An X windows emulator called eXceed [15, 17, 
18] has been used under the implementation phase. 
eXceed is used to emulate a UNIX environment and 
connect to a remote server when working on a PC. 
eXceed has been used because it is used at 
Ericsson. 

Rational Rose (UML) [26] has been used in the 
design phase to easily describe classes and their 
relationships. When the design was finished 
Rational Rose also auto-generated the basic Java 
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code like attributes, relations and method names for 
each class. 

Text editors which were used when writing code 
has in the UNIX environment been Emacs [13] and 
in Windows environment been ConText [14]. These 
text editors where chosen because they are both free 
and easy to use. 

The Java version that has been used in the project 
is version 1.3.1_09 [25]. This version has been used 
because it is the version used at Ericsson at the time 
this project was done. 

 
10 Result 

The word PIFO is used frequently in this section 
- this is the name of the prototype and has also been 
the working name of this project. PIFO stands for 
Prototype for Increasing Frequency Optimization. 
This was the original project name, but the project 
name later changed to be the same as the title of this 
document. This because it actually is a prototype 
that triggers the frequency optimization tool called 
FOX. So the explanation for the prototype’s name 
PIFO is that the project name changed but not the 
prototypes name. 
 
10.1 PIFO 

This section describes how the prototype looks 
and how it works. The screenshot in Figure 6 has 
been taken after the MRR result has been collected 
and run through the analysis algorithm. The cells 
marked with FOX are the cells that need to be 
included in a FOX recording and the cells marked 
with “Too few samples” are also included in the 
FOX recording because they have too few samples 
to be reliable.  

 

 
 
Figure 6: PIFO, Main Window 
 

As mentioned in section 3 (Scope of the project) 
there are four grades of automation where grade 1.7 
is the grade reached here.  

Grade 1.7 was reached when all four steps that 
each button describes could be done with one single 
click. This is called the Turbo mode and is available 
in the File menu or by the short keyboard command 
Ctrl+T.  

All the requirements have been fulfilled except 
from one requirement that said that PIFO should 
generate a log file, containing information about 
what PIFO has done. This requirement was not 
fulfilled because of the time limit. For this reason, 
this requirement has been moved to Section 9 
Future Work. 
 
10.2 Buttons 

In the prototypes main window there are four 
buttons (see Figure 6: PIFO, Main Window). Each 
button represents one step that brings the user 
closer to a start of a FOX recording. Figure 1 show 
these steps more clearly. 
 
10.2.1 Get MRR result. When this button is 
clicked the getMRRresult method is called and 
the collecting of the MRR result starts. It is 
important that a valid MRR result name has been 
given otherwise an error message saying “can’t get 
MRR result” is displayed. 
 
10.2.2 Analyze MRR result. When this 
button is clicked the analysis algorithm is called 
and the collected MRR result gets analyzed. 
 
10.2.3 Generate FOX props. When this 
button is clicked the method to save FOX properties 
to a file (startFOX.props) is called. 
 
10.2.4 Execute script. When this button is 
clicked PIFO tries to execute the script 
(startFOX.sh). It is important that the script has 
execution rights to be able to execute. When 
executed the script reads the generated property file 
and starts FOX. 
 
10.3 Menu Options 
 
10.3.1 File Menu. In table 3 are the eight 
different options that are available for the user 
under the ‘File’ menu listed and described. 
  
Option Short 

Command 
Description 

Turbo mode Ctrl+T 
Does all steps (Ctrl+1 – 
Ctrl+4) in a row. 

Get MRR 
result Ctrl+1 Collects the MRR result 

with the given name. 
Analyze MRR 
result Ctrl+2 Analyzes the collected 

MRR result. 

Generate FOX 
Props Ctrl+3 

Generates properties to a 
file (startFOX.props) that 
the start FOX script reads 
when it tries to start FOX  

Start FOX Ctrl+4 

Executes the script 
(startFOX.sh) that reads the 
property file and starts 
FOX. 
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Show props Ctrl+P 

This option makes it 
possible for the user to 
see/change the property file 
when the Generate FOX 
Props option is made.  

Get data from 
file Ctrl+F 

Changes the way the MRR 
result is collected. The 
default setting is to collect 
the data from the database.  

Exit Ctrl+E This option exits the 
prototype. 

Table 3: Options under the ‘File’ menu 

 
10.3.2 Help Menu. In table 4 are the two 
different options that are available for the user 
under the ‘Help’ menu listed and described. 
 
Option Short 

Command 
Description 

Help  

 Opens an external 
window, reads the help 
file (help.txt) and displays 
the context to the user. 

About 

 Opens an external 
window, reads the about 
file (about.txt) and 
displays the context to the 
user. 

Table 4: Options under the ‘Help’ menu 

 
10.4 User Inputs 

In the prototype there are three different text 
fields where the user must enter valid data (see 
Figure 6). The first of these is the MRR result name 
text field where the user must enter the name of the 
MRR recording that should be fetched from the 
database. If the ‘get data from file’ option has been 
chosen, the path and name of the file without its 
extension needs to be entered. For example: [path] 
filename (without extension). 

Secondly and thirdly there are text fields that are 
responsible for the data that should be passed to the 
analysis algorithm. ‘Percent over threshold values’ 
is the value where the analysis algorithm will 
determine whether the cell has passed this value or 
not, if it has passed this value the cell should be 
included in a FOX recording and is marked with 
‘FOX’ in the cell list. The minimum number of 
samples determines if there are sufficient numbers 
of samples to count on to get a reliable result.  
 
10.5 Messages 

The Message text area gives the user feedback 
about what the prototype is working with and also 
displays error messages if anything goes wrong. 
(See Figure 6). 

 
10.6 MRR Recording Data 

The Recording Data text area displays 
information about the MRR recording that has been 

collected (see Figure 6). This can be information 
like start date, stop date, recording name, filters that 
were set up in MRR, status etc.  
 
10.7 Cell List 

The Cell List displays the collected cells, percent 
over threshold values, number of cells passed the 
filters and if the cell needs to be included in a FOX 
recording. The cells that are going to be passed on 
to the FOX recording are the cells marked with 
‘FOX’ in the analysis information column. (See 
Figure 6).  
 
10.8 Generate FOX Props 

This option generates FOX attributes (properties) 
and writes them to a file (startFOX.props). When 
this option is done an external window opens and 
displays the FOX properties if the show props 
option has been set to 1 (one). As default the 
property window is set to 0 (zero) and will not be 
displayed. When the external property window is 
displayed it is possible for the user to change the 
properties if he/she would like to. This can be 
useful if the user wants to experiment or add special 
settings to the FOX recording. To make changes in 
the property file it is important to be aware of what 
each property does. If invalid data is entered it 
would lead to FOX not starting properly. Figure 7 
shows an example of the property window. 

 

 
Figure 7: The Property Window 
 
10.9 Execute Script 

This option executes a script that starts a FOX 
recording with the properties that were generated in 
the earlier step. It is important to have execution 
rights on the script when doing this option, 
otherwise an error message displaying “The script 
does not exist” occurs in the messages text area. 
The start FOX script that is executed is a Bourne 
shell script [7, 24] that executes two other scripts 
that have not been written in this project because 
they already existed at Ericsson. What the start 
FOX script actually does is firstly to execute the 
first script and add the FOX property file (that has 
been generated in an earlier step) as a property to 
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that script. The outcome when executing the first 
script has important data that is stored in a variable. 
This variable is then added as a property when 
executing the second script. 
 
10.10 Sybase Database / Export File 

To be able to test both ways to fetch the MRR 
result both ways to collect the data have been 
implemented. Both ways have their advantages so 
the user can actually choose what option that he/she 
thinks is most suitable. By default the data is 
collected from a Sybase database [11, 12] because 
this alternative is the fastest for big amounts of 
data. The ‘collect data from the export file' option is 
best suited for small amounts of data. These 
statements can be proven by the data collection 
speed analysis that has been made. See Figure 9. 
(More graphs are also available in Appendix B – 
Analysis Figures) 
 
10.11 Analysis Algorithm 

The analysis algorithm checks whether a cell 
needs to be included in a FOX recording or not. It 
compares what the user has inputted with the data 
that has been fetched from the MRR result 
database. It checks if the percentage of samples that 
has passed the filters is more than the figure that the 
user has inputted: the standard value that is set from 
the beginning is 25%. The user can change this 
figure if he/she wants to experiment with it. The 
next important figure that is compared with the 
MRR result is the minimum number of samples that 
the user allows. If the total number of samples is 
less than the figure the user has inputted the cell 
should be included in a FOX recording because the 
result may not be reliable. The analysis algorithm is 
described in Figure 8  below.  

The values thres1 is the percent value that the 
user has inputted in the ‘% over threshold value’ 
text field and the minSamples is the value the 
user has inputted in the text field ‘min number of 
samples’. The text to the right of the flow chart is 
the values that come out from the algorithm. The 
cells that get marked with ‘FOX’ or ‘FOX (Too few 
samples)’ are the cells that will be included in the 
FOX recording.  
 

 
Figure 8: Analysis Algorithm  
 
 
 

 
 
 
11 Analysis 

The two ways to collect MRR data has been 
analyzed. The first analysis was made on measured 
data collection speed. Both ways to collect the data 
was executed in random order with different 
amount of data to collect, and were made 32 times. 
The time taken for each data collection run was 
measured in milliseconds. The data collection times 
were then analyzed in terms of average time, 
minimum time, maximum time and the difference 
between the minimum and maximum. The outcome 
of this analysis was that collecting the data from the 
database was 1555.5 milliseconds faster with the 
data point holding the largest amount of data. The 
collecting of data from a file was 8.8 milliseconds 
faster when it came to the data points holding the 
smallest amount of data. See Figure 9.  

As a notice to this analysis there were three data 
points used in this analysis: 288894 + 352 bytes, 
398370 + 355 bytes and 7827223 + 369 bytes. The 
plus (+) sign between each data point describes that 

Figure 9: Time / Amount of Data 
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there are two files that are read in each collection. 
The larger file holds the result of the MRR 
recording and the smaller file holds information 
that describes the recording. These three data points 
where enough to show the speed performance trend. 
To prove the results in this analysis further, more 
data points could be allocated and collected 
additional times, and also on several different 
machines. (The analysis figures and several more 
graphs are available in Appendix B – Analysis 
Figures)  

Comparing both size and complexity of the code 
in the two different ways to collect the MRR data 
made another analysis. In this analysis also effort to 
maintain the code was estimated. This was done 
because it may be of importance for Ericsson if 
some changes are done in the database layout or the 
layout of the export file. 

In Table 5 the flow of the two ways to collect 
data is described. These descriptions tell how these 
problems have been solved in this project.  
 

 
 

 
 
In Table 6 a comparison has been made to 

estimate which way to collect the data has the 
easiest code to handle. These comparisons was 
made and estimated by the group members. 
These comparisons may not be too scientific but are 
still interesting. The appraisal has been done by 
comparing the code in the two classes. The 
numbers one (1) or two (2) tell which way to collect 
the data that was the simplest, one (1) being the 
simplest and two (2) being the hardest. The result of 
this comparison shows that collecting the data from 
the database has the most benefits. Keeping the 
speed performance analysis in mind, it shows that 
the database option will be the best way to collect 
data if there is an opportunity to choose one of 
them. Note that there is a lot of work behind setting 
up a database and its layout, but that is not 
considered in this comparison.  

 

 
 
 
 
 
12 Future Work 
 
12.1 Desirable features 
    In a future release of PIFO it will be desirable to 
have additional features for improving the usability 
and configurability: 
 

Description of the flow 
when collecting data from 
the database: 

Description of the flow when 
collecting data from the export 
file: 

• Load the JDBC (Java 
Database 
Connectivity) driver, 
in this case for a 
Sybase database.  

• Connect to the 
database.  

• Collect the desired 
data with an SQL 
query and store it in a 
resultSet.  

• Then the data in the 
resultSet is ready 
to be used. 

• Create a 
bufferedReader and 
read the file.  

• Collect the data from the 
bufferedReader and 
parse it.  

• Store the wanted data in an 
array.  

• Then the data in the array is 
ready to be used.  

 
 

From 
DB 

Comments From 
file 

Comments 

LOC (Lines 
of code) 

141  156  

Comparison simplest/hardest 

Simplicity 1  2  

Connect/open 2 Trickier to 
load a JDBC 
[12] driver 
and connect 
to the 
database. 
Other things 
needed are 
password, 
user ID and a 
URL. 

1 Easy to create a 
bufferedReader 
and just open/read 
the file. 

Collect data 1 Easy with a 
SQL query.  

2 Trickier because it is 
just like one long 
string.  

Interpret data 1 The data get 
stored in a 
resultSet 
as it was 
stored in the 
database. 
This makes it 
easier to get 
a special 
value out 
from it. 

2 Data has to be 
parsed and 
interpreted from a 
special pattern. 

Maintenance 1 Easy to 
change the 
SQL query. 
If database is 
changed the 
JDBC driver 
must be 
changed. But 
this is still 
easier than 
parse and 
interpret a 
file with a 
totally new 
layout. 

2 If the layout in the 
file changes the 
interpreting of the 
file needs to be 
changed. 

Total 6  9  

1 – Simplest        2 – Hardest 

 

Table 5: Description of the flow to collect data from 
database and from file 
 

Table 6: Comparison on which way to collect data 
that has the easiest code to handle 
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• In a future release of PIFO a log file 
should be available that logs what the user 
has done and how PIFO has responded. 

• The analysis algorithm can be more 
sophisticated and calculate the MRR result 
in more specific ways, for example look at 
the quality and the strength of the signals 
in the network etc. 

• The FOX property file could in the future 
be more sophisticated and include more 
advanced options. The properties 
generated in this prototype include almost 
only default settings. 

• If there are no cells that need to be 
included in a FOX recording after the 
analysis has been made, PIFO should not 
be able to start a FOX recording. 

 
12.2 Ideas 

If Ericsson and the end users accept the 
prototype, then maybe PIFO would be 
implemented, as a feature in MRR, and then it 
would look like what Figure 10 describes. 
(Compare it with Figure 1) 
 

 
Figure 10: Future Domain 

 
Note that if this idea should become a reality, this 

implementation would be done by Ericsson. The 
graphical components of PIFO would be changed to 
better suit MRR. 
 
13 Project Analysis 

This section includes an analysis of this project 
according to time spent, lines of code and 
observations that where made. The observations 
have been called findings. It is also important to 
mention that the project deadlines have been 
achieved and all of the risks have been prevented 
because of the risk analysis. 
 
 

13.1 Time Spent 
A time log was created at the start of the project 

and has been updated through the whole project. 
The time for each phase was compiled on 2004-05-
11 with two weeks remaining working time, see 
Figure 11. The remaining time will probably be 
allocated for Report writing, testing and 
presentations. Total time spent at this date was 
approximately 260 hours. 
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34%

design
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writing report
25%
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design

implementation
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Figure 11: Time Spent 

 
13.2 LOC (Lines of Code) 

The size of the final version of the prototype 
measured in LOC (Lines of Code) is approximately 
1300 lines of code. All lines in the code have been 
counted, including blank lines and comments. 
Approximately 200 lines of the 1300 lines have 
been auto generated by Rational Rose and Java GUI 
builder. 
 
13.3 Findings 

This section includes observations that have been 
made at Ericsson when working with this project. 
These observations is in this section called 
‘findings’ and is things that could be interesting for 
newly graduated students who are going to search 
for a job etc. 

One comment from Ericsson about newly 
graduated students is that they often have lack of 
UNIX knowledge. UNIX knowledge is very 
important when working with software 
development because it is the most frequently used 
environment at Ericsson and presumably also at 
other software developing companies.  A notice to 
this finding is that HTU does not teach much 
UNIX. Windows is most frequently used in the 
school environment. 

Another finding is that the XP (eXtreme 
Programming) process [29] is starting to be used 
more frequently in the industry. Ericsson uses XP 
as their developing process and has done so for 
several years. It is important to be aware of this 
process if the student searches a job at a company 
where this process is used. 
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Another finding when working on this project is 
that it has felt like a partner has been missing. To 
get the best result in a project there should be at 
least a group of two when working. This because it 
is important to have a good discussion on how to 
solve each task that is brought forward. When 
programming it is also a good idea to be two 
persons, one who writes the code and one who 
inspects the code while it is written to reduce the 
risk that anything gets wrong. This helps to clear 
out bugs in an early stage.  

In this project weekly ‘progress meetings’ have 
been set up with the supervisors at Ericsson. This 
has been a very good thing that keeps up the work 
speed. This because to be able to show progress at 
each meeting. This has also been a helping factor to 
hold the ‘time plan’ and get the project finished in 
time. 
 
14 Summary 

This project has been carried out well and 
Ericsson has got the prototype they asked for. The 
investigation of both methods for collecting data 
(database vs. file) has also been successfully carried 
out, and has shown that collecting data from a file 
is quicker for a small amount of data and collecting 
data from a Sybase database is quicker for a large 
amount of data. Although only three data points 
were available for testing, the speed performance 
trends are clearly visible from the results that have 
been obtained. To improve the analysis further 
more data points could be collected into the 
analysis in the future.   

An important comment to this project is also that 
it has been carried out this well because of the 
detailed ‘time plan’ and ‘risk analysis’ that were 
done in the beginning of the project. These have 
helped a lot to get the work finished in time and 
also to be able to reach the goals. 
Now when the result has been shown and the 
prototype has been created it also proves that an 
integration of the tools MRR and FOX is possible 
and automation between them can be done. 
Hedenskog can now move on in her doctoral work, 
continue with her research and she can also, as it 
was thought in the beginning, test her design 
hypotheses regarding to automation on actual users 
with help of this prototype.  

At Ericsson has this prototype been the first of its 
kind according to automate two different O&M 
systems (Management Systems) like MRR and 
FOX. In a bigger perspective this way to handle 
integration between two systems could be used not 
only in the telecommunication industry but also in 
other areas where an integration of two different 
systems could be needed. 
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16 Concepts and Acronyms   
Base station Basic element of a GSM network. Handles 

the mobile traffic in one cell. 
BSC Base Station Controller. Basic element of a 

GSM network. A switch which coordinates 
a number of base stations. 

Cell Basic element of a GSM network. A cell 
covers a certain geographical area. 

Frequency plan A frequency plan is a plan for how 
frequencies can be re-used as often as 
possible in a radio network, in order to 
maximize the capacity. 

GSM Global System for Mobile communication. 
A standard for mobile telephony. 

 
MSC 

 
Mobile services Switching center. Basic 
element of a GSM network. A switch which 
coordinates one or more BSCs  

O&M system A system for the Operation and 
Maintenance of a radio network. 

Radio network A network of radio equipment (software and 
hardware) enabling mobile telephone 
communication. 
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Introduction 
This project is a D level degree project taken by Kristian Brandtson. The main purpose 
of this degree project is that in the frames of a doctor’s work create a prototype that will 
be used to test different grades of automation by Åsa Hedenskog. 
 

Purpose of this document 
This Software Requirements Specification (SRS) is made to describe the meaning and 
functionality of the prototype that is going to be developed. The prototype will handle 
an automatic start-up of a frequency optimization tool (FOX). The company who has 
assigned the project is Ericsson AB. Contact persons at Ericsson are Claes Alströmer, 
Anna Rimhagen and Åsa Hedenskog. This document also contains details about the 
scope of the project, functional requirements and performance requirements etc. 
 
 

Scope of this Degree Project 
The goal with this project is to create a prototype that contains a start mechanism for 
FOX when threshold values in MRR have been reached. This prototype will make it 
easier to trigger updates of frequencies in a GSM network.  
There are four grades of automation in this project (see table below) where 2.0 is the 
most optimal grade. In this project we try to reach 1.7, and if this prototype is successful 
the functionality will be considered for implementation in a future release of the MRR 
tool and then, if implemented, reach grade 2.0. The different kind of steps describes the 
flow of a usage of the prototype. Step 2 – 5 is for the prototype and step 1 and 6 are for 
a wider perspective.  
 

Grades of 
automation Steps 

1 1.5 1.7 2.0 
1. Start a MRR recording. � � � � 
2. Start the prototype and get the MRR results. � � � ���� 
3. The prototype analyzes the MRR result. ���� ���� ���� ���� 

4. The prototype generates a cell-list and marks the cells that 
need to be included in the FOX recording. ���� ���� ���� ���� 

5. Start FOX. � � ���� ���� 
6. Analyze the FOX result. � ���� ���� ���� 

 
Character explanation:   �  = Manually,   ���� = Automatic 
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Definitions, Acronyms, and Abbreviations 

 
Term 

 
Definition 

Resultset A resultset is a series of records and it usually takes the form of 
fields and tables where data are contained and structured.  

FAS Frequency Allocation Support collects measurements and compiles 
reports to base decisions on when it comes to network 
configuration or to verify and analyze the network performance. 

FOX Frequency Optimization Expert gives recommendations on 
frequency changes in the network configuration. FOX can be run 
in either recommendation or automatic mode. In recommendation 
mode the user has to confirm any changes to the network before 
they are implemented. In automatic mode the changes are 
implemented without user interaction. 

GUI Graphical User Interface is a user interface based on windows, 
buttons and other graphical components. 

MRR Measurement Result Recording collects measurements and 
compiles reports about network performance. 

RNO Radio Network Optimization is the framework application that 
holds MRR and FAS/FOX as well as other tools. 

URL Uniform Resource Locator is like a pointer that holds information 
about an internet address and how to communicate with it. This is 
mostly used for addressing a web page. 
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Overview of Document 
This document is designed to give information to both users and developers.  
Section one includes an overview of the prototype, definitions and references. The 
definitions are intended to assist the technical designers as well as developers in 
clarifying the terms used throughout the document. Section two includes a general 
description of the prototype and its users. Section three includes the detailed 
requirements and is intended for the designers and the developers. 
 

General Description 

User characteristics 
Different kind of users/requirement holders, where user A is the actual user(s) of the 
system and user B and C are requirement holders:  
 

• User A (Alfred)  
Alfred has good computer skill. He has control over both Window platforms and 
Unix environments. He also develops systems himself and has high demands on 
good/reliable systems without a lot of unnecessary functions. 

 
• User B (Berit)  

Berit works mostly with research. She uses computers in her daily work and mostly in 
Windows environment. Some of the applications she is well familiar with are Microsoft 
Word, Microsoft Excel, Microsoft Outlook and Internet Explorer etc. 
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• User C (Calle) 
Calle is Alfreds and Berits leader. Calle is very positive to this prototype. He 
sees a chance (if this prototype is successful) to make the frequency optimization 
work more efficient and maybe in the future also implement familiar systems 
like this prototype in other systems and working areas. 

 

Product Perspective 
• The prototype is dependent on that MRR results and FAS/FOX is available. 
• The prototype can be used on the existing hardware.  
• The prototype will be written in the programming language Java. 
 

Overview of Functional Requirements 
• The prototype will have an easy to use Graphical User Interface and the 

language used in the prototype shall be English. 
 
• Options that this prototype will be able to handle are: 

o Get MRR results from MRR result database.  
o Analyze the collected MRR results (what cells need to be included in the 

FOX recording) and create a log file/cell-list. 
o Generate a properties to a FOX recording based on the results in the 

analysis phase.  
o Execute the generated script to start the FOX recording. 
o Help about the program. 
o About dialog. 
o Exit the program. 
 

• Only functions that are necessary for the user should be displayed. 
 
• A log file containing information about what the prototype has done shall be 

generated.  
 

General Constraints, Assumptions, Dependencies, and 
Guidelines 

The users at Ericsson have good computer skill and will not need too much detailed 
help. However a short help describing the most common functionality and a user 
manual will be created. 
 



 6 Appendix 
 

Specific Requirements 

 Functional Requirements 

Template for Describing Functional Requirements 
This section describes the template that is used to describe each of the functional 
components of the prototype. 
 
Explanation of the numbers in the Classification column: 
1: Critical 
2: Essential 
3: Optional 
 
 
ID Description Classification References 

Req. 
ID 

 

Purpose: A description of the functional requirement 
and its reason(s). 
Inputs: Which inputs; in what form/format will 
inputs arrive; from what sources input will be 
derived, legal domains of each input element. 
Processing: Describes the outcome rather than the 
implementation; includes any validity checks on the 
data, exact timing of each operation (if needed), how 
to handle unexpected or abnormal situations. 
Outputs: The form, shape, destination, and volume 
of the output; output timing; range of parameters in 
the output; unit measure of the output; process by 
which the output is stored or destroyed; process for 
handling error messages produced as output. 

Importance of 
this requirement. 

For example a 
one (1) if this 
requirement is 
Critical for this 

prototype. 

What this 
requirement is 

based on 
(where it came 

from and 
when). 
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User Interface 
 
ID Description Classification References 

 
3.1.2 

Purpose: It shall be possible to select the following 
options from a User Interface.  
Options to choose from:  
• Get the MRR results. 
• Set parameters for the analysis 

algorithm. 
• Analyze the MRR results. 
• Generate arguments to a script that 

can start a FOX recording. 
• Execute the generated script to start a 

FOX recording. 
• Help function that opens the 

prototypes help web page. 
• About the prototype information.  
• Exit program. 

Inputs: The user can click on the desired option. 
Processing: The Main Menu will wait until the user 
selects an option. When the user has clicked on the 
desired option the user will be forwarded to that 
specific option that was selected. 
Outputs: The outputs are different regarding to the 
chosen option. See the section regarding to the 
specific option for more details. 

 
 

Anna 
Rimhagen, 
2004-03-29 

 
 
 

Get the MRR results and Analyze it option 
 
ID Description Classification References 

 
3.1.3 

Purpose: The purpose of this option is to collect 
MRR results from the MRR result database and then 
analyze the collected MRR results to find out what 
cells that need to be included in the FOX recording. 
Inputs: The user chose the “Get MRR results” 
option. 
Processing: When this option is clicked a connection 
to the MRR result database is set up and the result 
data is collected into a resultset. The collected data is 
then processed through the analyze algorithm to find 
out what cells that need to be included in the FOX 
recording. 

1 

Claes 
Alströmer, 

Anna 
Rimhagen, 

Pär 
Palmkvist, 
2004-03-26 

1 
1 
1 

1 

3 

2 

1 
1 
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Outputs: The result cell-list is presented in the GUI 
and the ones needing upgrading are marked. 

 
 

Generate arguments to a script that can start a FOX recording option 
 
ID Description Classification References 

 
3.1.4 

Purpose: The purpose of this option is to generate 
arguments to a script that can start a FOX recording 
based on the cells that needed updating, that was 
found out during the analysis phase. 
Inputs: The user chose the “Generate a FOX 
recording script” option. 
Processing: Script generation. 
Outputs: The output of this option is an executable 
script that can start FOX when executed. 

1 

Claes 
Alströmer, 

Anna 
Rimhagen, 

Pär 
Palmkvist, 
2004-03-26 

 
 

Execute script to start a FOX recording option 

 
ID Description Classification References 

 
3.1.5 

Purpose: The purpose of this option is to execute the 
script to start a FOX recording regarding to the cells 
that need to be included in the FOX recording. 
Inputs: The user chose the “Execute script to start a 
FOX recording” option. 
Processing: Script execution. 
Outputs: FOX recording and presentation of the 
result in the RNO main window. 

3 

Claes 
Alströmer, 

Anna 
Rimhagen, 

Pär 
Palmkvist, 
2004-03-26 

 
 

Help option 
 
ID Description Classification References 

 
3.1.6 

Purpose: This option is available to help the user. 
Inputs: The user chose the “Help” option. 
Processing: When this option is chosen the prototype 
will present the help. 
Outputs: The output is the help. 

2 
Anna 

Rimhagen, 
2004-03-29 
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About option 
 
ID Description Classification References 

 
3.1.7 

Purpose: Show developer(s) and version number of 
the program to the user.   
Inputs: The user chose the “About” option. 
Processing: When this option is chosen the about 
information is presented. 
Outputs: The output of this action is the about 
information like: version number and developer(s). 

1 
Kristian 

Brandtson, 
2004-03-29 

 
 

Exit option 

 
ID Description Classification References 

 
3.1.8 

Purpose: To exit the application in a correct way. 
Inputs: The user chose the “Exit” option. 
Processing: When this option is chosen the prototype 
exits. 
Outputs: All open windows are shut down and the 
program has to be restarted again if the user wants to 
use it again. 

1 
Kristian 

Brandtson, 
2004-03-29 

 

Analysis Algorithm 
 
ID Description Classification References 

 
3.1.9 

Purpose: The purpose is to analyze what cells that 
need to be included in a FOX recording. 
Requirements for the algorithm are: 
• The recording thresholds shall be 

visible to the user. 
• The cell list shall be compiled based 

on percentage of results that exceed the set 
recording thresholds. 

• The thresholds shall be settable by the 
user.  

Inputs: The input into the algorithm is the collected 
MRR result. 
Processing: The algorithm goes through all the result 
data and sorts out the cells that need to be included in 
a FOX recording. 
Outputs: The output is the cells that need to be 
included in a FOX recording. 

1 

Anna 
Rimhagen,  

Metin 
Barhanko, 

Johan 
Odelram 

2004-04-06 
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Performance Requirements 
• Only one analysis of one MRR result can be done at a time. 
• One analysis will not take more than 5 minutes. 
• If an exception/error comes up an error message that explains the problem shall 

be presented to the user. 
 
 

 
 
 
 
 
 

Change Log 
 
Version 2.0 (2004-04-
06): 

Updates done according to agreements from the inspection 
meeting, 2004-04-06. 
 

Version 1.4 (2004-04-
01): 

Definitions, Acronyms, and Abbreviations updated 
 

Version 1.3 (2004-03-
31): 

Updates done according to agreement with Anna Rimhagen 
Grades of automation added in the Scope of Project section 
Titles in the References section updated 
 

Version 1.2 (2004-03-
30): 

Overview of Functional Requirements updated 
Functional Requirements updated 
 

Version 1.1 (2004-03-
29): 

Overview of Document updated  
User Characteristics updated  
Functional Requirements updated 
 

Version 1.0 (2004-03-
25): 

Document created. 
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Appendix B: Analysis Figures 
 
Test 1 

2004-05-10 
13:00 
Amount of data to collect: 288894 + 352 bytes 

 

0
50

100
150
200
250
300
350

1 4 7 10 13 16 19 22 25 28 31

Samples

m
ill

iS
ec

on
ds

From file

From DB

 
 
 Average Min Max 
From file 29,03125 20 82 
From DB 37,84375 16 327 

(All times in milliseconds) 

      
      

  
from 
file 

from 
db   

      
  30 327   
  31 41   
  33 99   
  23 30   
  82 18   
  22 21   
  22 22   
  21 22   
  23 19   
  22 46   
  20 43   
  21 39   
  22 18   
  71 25   
  22 18   

average  21 20  average
29,03125  33 19  37,84375

  41 16   
  20 17   

max  25 19  max 
82  21 68  327 
  41 19   
  21 19   

min  21 20  min 
20  32 16  16 
  56 18   
  22 18   

difference  22 22  difference
62  22 75  311 
  22 22   
  22 17   
  22 18    

 
 
 
 
 
 



 12 Appendix 
 

Test 2 
2004-05-10 
14:00 
Amount of data to collect: 398370 + 355 bytes 

0

100

200

300

400

500

1 4 7 10 13 16 19 22 25 28 31

Samples

m
ill

iS
ec

on
ds

From file

From DB

 
 
 Average Min Max 
From file 41,5 26 104 
From DB 51,96875 17 451 

(All times in milliseconds) 

      
      

  
from 
file 

from 
db   

      
  44 451  
  63 80  
  27 62  
  28 21  
  32 80  
  29 29  
  31 19  
  35 26  
  76 85  
  27 27  
  31 69  
  81 166  
  27 21  
  27 17  
  88 18  
average  27 18 average 

41,5 32 36 51,96875
  27 26  
  32 20  
max  27 49 max 

104 34 20 451
  32 49  
  27 20  
min  34 30 min 

26 90 17 
  37 22  
  27 21  
difference  26 79 difference

78 104 18 434
  30 21  
  28 27  
  68 19   
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Test 3 

2004-05-10 
15:00 
Amount of data to collect: 7827223 + 369 bytes 

0
500

1000
1500
2000
2500
3000
3500
4000
4500

1 4 7 10 13 16 19 22 25 28 31
Samples

m
ill

iS
ec

on
ds

From file

From DB

 
 
 Average Min Max 
From file 1914,875 750 4105 
From DB 359,4688 85 870 

(All times in milliseconds) 
 

      

 from file 
from 
db   

      
  750 256  
  1744 88  
  1315 89  
  1851 103  
  2307 730  
  1825 852  
  1613 164  
  1727 193  
  1756 85  
  1575 156  
  1806 169  
  1720 188  
  1847 95  
  1230 716  
  1650 119  
average  1795 841 average 

1914,875 1806 789 359,4688 
  1740 116  
  2296 870  
max  1775 820 max 

4105 1763 103 870 
  2826 841  
  3039 162  
min  3116 172 min 

750 4105 85 85 
  1901 178  
  1675 87  
difference  1664 732 difference 

3355 1677 112 785 
  1837 712  
  1644 788  
  1901 92   
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Appendix C: Class Diagram   

 
 

 


