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Abstract 

Saab Aerosystems, a part of Saab AB, has the overall responsibility for the 

development of the fourth generation fighter aircraft JAS 39 Gripen. When planning a 

mission for one or more aircrafts, a computer program called Mission Support System is 

used. Some of the data from the planning is then transferred to the actual aircraft. Today 

there are some unwanted restrictions in the planning software. One of these restrictions is 

about the fact that a number of parameters that controls the output from a planned 

mission are not configurable runtime, i.e. a reinstallation at customers location is needed 

to change this. 

 

The main purpose of this thesis was to propose a new design and a new framework 

that solves the inflexibility described above. The design should also be validated by a test 

implementation. 

 

A number of different designs were proposed and four of these were selected to be 

candidates for being implemented. An important tool used when developing the designs 

was the theory of design patterns. To choose one of the four a ranking system, based on 

both measurable metrics and non-measurable experience, was used. One design was 

selected to be the best and after implementing of the design it was considered to be valid. 

 

Future work can consist of rewriting all modules in the software to use the new 

framework. 
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1. Introduction 

In this section, an introduction to the thesis work is given in terms of background, 

purpose, method, prerequisites and report outline. 

1.1. Background 

Saab Aerosystems (hereafter called Aerosystems) is one of 17 business units in the 

Saab Group. Together with Saab Aerostructures, Saab Aircraft Leasing and Gripen 

International it forms the aeronautical part of the Saab Group. [1] 

 

Aerosystems offers a number of advanced airborne systems and related services. One 

of these and the most important one is the fourth generation fighter aircraft JAS 39 

Gripen (from now on called Gripen or the aircraft). Gripen is the most advanced and 

powerful fighter ever built by Saab and it is Aerosystems that has the overall 

responsibility for the development of the aircraft. [2] 

 

Mission Support System (MSS) is a computer based tool for planning, evaluating and 

simulating missions and it is used both for the simulator and for the aircraft. A part of the 

MSS is the customer adapted Mission Planner System (MPS). By customer-adapted is 

meant that it is possible for a customer to configure some of the features in the system or 

even get some functionality left out or added. The MPS is used for planning missions and 

gives personnel involved in the planning process the possibility to foresee and prepare for 

hazardous situations. The system can also reduce the time and workload for planning 

missions as well as provide a greater chance for a successful result and survivability. To 

support the user in the planning phase the MPS provides functionality for integrating 

information from many different sources. These sources can provide weather situation, 

aircraft data (can differ between different editions), terrain databases, tactical 

reconnaissance information and more. A planned mission can be exported to a portable 

memory called Data Transfer Unit (DTU). The DTU is used for transporting the 

information from the MPS to the aircraft so useful and interesting data can be displayed 

to the pilot during mission execution. 
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The capabilities of the MPS include [3]: 

 

• Map handling 

• Threat management 

• Setup and preset of aircraft and on-board equipment 

• Route creation 

• Search and rescue planning 

• Weapon planning 

• Mission validation 

• Mission rehearsal 

• Upload of mission data to the aircraft 

 

There are more than one DTU present in the aircraft during a mission. They are all 

the same when it comes to hardware (in the same aircraft edition) but they differ in 

purpose. The only one this thesis will concern is the so called DTU-P (Data Transfer Unit 

Pilot). It is in the DTU-P where a planned mission is stored and it is used for transferring 

information from the MPS to the aircraft. The DTU-P has more purposes than described 

above but it is not of importance for this thesis. Note that even the DTU-P comes in 

different version since it has been developed over time and hence new versions have been 

released. From now on the DTU-P is referred to as DTU. 

1.2. Problem Statement 

When finishing the planning of a mission in the MPS the mission data is transferred 

to a DTU. Exactly which data to transfer depends on the version of the MPS, the version 

of the DTU and the aircraft edition. The filtering technique that has been used to satisfy 

all possible combinations has resulted in a program that is not flexible enough. Some 

configuration changes in a customer environment can easily require a re-installation of 

the entire system. Furthermore the DTU loading module is very tightly coupled to the 

modules that produce the data. It is preferable to have a looser coupling between data 

producers and data consumers since this would give the possibility to reuse the load 

module in other situations, for example when planning missions for other aircraft 

editions. 

 

More details about the known problems with the Mission Planner System are given in 

Section 2. 
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1.3. Purpose 

The purpose of this thesis is to investigate how the DTU loading is done today and 

propose, and to some extent implement, a new improved design that addresses the 

problem described in Section 1.2. 

1.4. Working Plan 

Below is a list of the most important things that should be done to successful make 

the MPS perform the DTU loading and filtering of data in a more desirable way than 

today. 

 

• Investigate how the data transfer to the DTU is done today and identify the 

problems 

• Design a framework that can be used for transferring data to the DTU regardless 

the version of Mission Planner, DTU version and aircraft edition using design 

patterns 

• Design a generic interface describing how the Mission Planner should send its 

information for filtering, preferable using design patterns 

• Implementation for test purposes, i.e. to make sure the design is valid and usable 

• Implement design if the design is proven valid 

• Validation and verification of the implemented solution 

1.5. Scope 

The working plan described in section 1.4 includes much more work to fulfill than the 

time limitations of a master thesis allows. Therefore the thesis, and thus this report, will 

mainly concentrate on solving the first four items in the task list. If these four tasks are 

fulfilled the thesis can be seen as successful. 

1.6. Risks 

There are several risks involved when starting a thesis and it is wishful to identify and 

foresee these risks in advance. If doing so, it can be less difficult to solve the problems 

the risks might induce during the work. The most important risks are listed below. 
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Improper Design 

If the design that is developed to solve the existing problems in the software is not 

sufficient or good enough it might not be shown until late into the validation or 

implementation phase. In that case very much time could have been spent on things that 

will be thrown away. This is a very important risk that could have serious impact on the 

thesis. Developing several designs and weighing these against each other, and identifying 

their pros and cons, is one way of at least reducing this risk. Furthermore a design work 

process should be developed for having a plan if something goes wrong during this 

crucial process. 

 

Languages and Develop Environment 

During the work, many new tools and system will be introduced. This is always a risk 

when doing some work that has a time limitation (which of course usually is the case). It 

might take more time than predicted to learn the necessary functions and to understand 

the systems. One thing that can be done for minimizing this risk is to not hesitate to 

consult persons that can help in case of problems. 

 

Too Optimistic Ambition 

It is an extensive task to redesign and implement an important function in existing 

software, and in advance it can be hard to know exactly the quantity of work for seeing it 

though. It is therefore important to always look ahead, and try to estimate and follow up 

the work progress. By doing so it is at least possible to see whether the available and 

remaining hours are in coherence with remaining work. 

 

Available Resources 

The work to be done in this thesis can be quite complicated and hard to fulfill. To be 

able to come up with the best solutions some discussions are probably needed with 

persons that have knowledge of the system. Since Aerosystems is a large organization 

and persons within it might experience heavy workload during the time of the thesis, it 

can be the case that these discussions are down prioritized. 

1.7. Security Issues 

Due to the sensitivity and secrecy of source code, software design and documents 

some of the text, pictures, figures and diagram in this report may have been removed 

from this open official version of this thesis report. In these cases pictures, figures and 

diagrams have been replaced by a blank picture or partly blurred out and text have been 

replaced by […]. In those cases where design or similar still are shown they are as 

simplified as possible. 
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1.8. Thesis Outline 

Introduction   This section gives a background to the thesis and its’ purpose. 

 

Starting Point   This section describes the prerequisite of the thesis work, e.g. how

 the system was implemented before the thesis was started and the problems with

 the system. 

 

Design Measurement Methods   This chapter gives a description of the measure 

 methods used when doing the objective evaluation part of the different proposed 

 designs. 

 

Design Patterns   This chapter gives a short introduction to the design patterns 

 technique. Design pattern was used as support when doing the redesign. Readers 

 with basic knowledge about design patterns can skip this chapter. 

 

Design   The design chapter outlines the working process and describes the suggested 

 designs as well as the chosen design. 

 

Design Validation   This section describes how the validation of the chosen design 

 should be performed and whether it could be considered as valid or not. 

 

Evaluation   In the evaluation chapter the results from the design phase and 

 validation is evaluated. Furthermore the time consumption and some experience is 

 commented here. 

 

Conclusions   This chapter contains the conclusions that can be drawn from the 

 results and what improvements and future work that can be done. 
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1.9. Reading Instructions 

The reader benefits from having some experience in software development, XML and 

object oriented design. 

 

Readers which have basic knowledge about design patterns can without affect skip 

chapter 4. 
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2. Starting Point 

This section describes how the DTU files generation and the loading of the DTU was 

implemented before this thesis started and the problems connected to this. A brief 

description of the MSS Planner is also given. 

2.1. MSS Planner and the DTU 

The MSS Planner is an important tool that can be used for planning different types of 

flight missions. The program is composed of different sections that are more or less 

decoupled from each other. These sections appears as tabs to the user, see Figure 1. For 

every tab (section) in the Mission Planner System there is a corresponding software 

module. A software module can be seen as a collection of functions, data and objects that 

together provide a specific functionality to the user [4], e.g. to let the user setup the 

necessary data for the radio communication to be used in the planned mission. 

 

 

 

Figure 1 - MSS Planner user interface. This picture has been partly blurred (see 1.7). 
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For each tab in the MPS graphical interface the user can enter different data and 

information about the mission to be flown. For example, the user can select the amount 

and type of payload to be loaded on to the aircraft such as weapons or external fuel 

containers. By doing this the software can recalculate aircraft performance and new 

limitations of the aircraft. For instance, the limitation of flight distance is increased when 

adding an additional fuel tank. Another example of what the user can enter in the MPS is 

the entire route of the flight (including navigation, speed and altitude) and thus the 

software can calculate the amount of fuel that is needed etc. The two examples of users 

entering data imply that there are some connection and dependencies between the 

different groups of data that can be inputted to the MPS. For example, if the selected 

payload limits the aircraft to incline above a specific height and the user still plans a route 

that goes higher than this limit the system warns about this. 

 

When the user has entered all the necessary information for the mission the DTU can 

be loaded. The DTU is then physically inserted into the aircraft and thus all information 

about the planned mission is available to the pilot in cockpit. 

2.2. Original Design 

Before the redesigning of the DTU loading could be done a thorough investigation of 

the existing implementation had to be done. This was accomplished by reading the 

existing documentation and walking through lots and lots of source code. By doing this 

the previously selected solutions including problems and tradeoffs could be identified. 

 

As mentioned above the Mission Planner Systems functionality is divided into 

separate software modules, one for each main category of data that are to be entered 

when planning a mission. Even if the software is modularized there are of course 

dependencies and connections between the different modules. This is more or less 

intuitive when thinking about the loading of the DTU. To load the DTU the module that 

performs the actual load must get all the necessary data. This data resides in the other 

modules, e.g. navigation data is stored in the navigation module, and thus it must be a 

connection between the two modules. This type of dependency is called coupling. 

Coupling can be seen as the degree to which software modules are relying on other 

modules. When talking about coupling in software design it is common to also see the 

word cohesion. Cohesion is a measure of how strongly related elements within a module 

are. Often it is desirable to have a strong relationship between the internal elements (high 

cohesion) and weak relationships between modules (lose coupling) at the same time. It is 

not set in stone that one should at any price strive to achieve as high cohesion and lose 

coupling as possible. It is important to keep in mind that tradeoffs always (almost) have 

to be made when designing a system. [4] 

 

The DTU load module, together with its coupling with other modules, was the main 

subject of investigation when outlining the existing design. When the user is finished 

planning in the MPS the next step is to load the DTU with the information. 
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A simplified sequence diagram how this is accomplished is shown in Figure 2. Only 

the navigation information is explicitly shown in the diagram. The other modules (radio, 

weapon etc.) are handled in the same way. 

 

 
Figure 2 – Simplified sequence diagram of original DTU load. 

 

When the user pushes the load button in the graphical interface the DTU load module 

is activated. It has a list of the modules containing information that is to be transferring to 

the DTU. For each of these modules the DTU load module invokes the function that 

prepares the file to be transferred. All modules do not add their information to the same 

file. Instead several modules have their own file and when all files are created the DTU 

load module invokes a script that transfers the files to the DTU. A simplified class 

diagram of the involved classes and interfaces is shown in Figure 3. 
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Figure 3 - Simplified class diagram for DTU radio loading. 

 

The LoadDtu function of the class DtuLoadUiImpl is called when the loading of the 

DTU starts. DtuLoadUiImpl has a reference to DTUFileCart which contain 

references to all DTUFileProducers (i.e. all classes that implements 

DTUFileProducerInterface). Of course the objects contain a lot more 

functionality and have more dependencies than is shown in Figure 3. 

 

As described above, all modules that collect information and data that are exported to 

the DTU produces their own file. This implies that all file producers also need to be 

aware of what information should be excluded (filtered) or modified before transferring. 

This is done in the function exportToDTU for each file producer. The reason for 

removing, adding or altering information before transferring can be that the edition the 

customer (end user) is running was adapted to suit their demands and therefore differs 

from the standard way of doing it. Another reason can be that it is not the same 

information to be transferred for different DTU editions or different editions of the 

aircraft. Since it is still the same source code used for meeting the requirements of 

information filtering there was need for some logic to do it. This was implemented 

directly in the modules. Some of the parameters that are used for filtering data are found 

in configuration files which are read during runtime and some are defined in files only 

used during compilation. 

 

The original design of filtering DTU data comes with some problems. The first one is 

the way to parameterize what should be filtered in what edition. Since some of the 

parameters are used only when compiling there are parts of the source code that may be 

removed. Therefore it is not certain that two or more compilations result in the same 

binary files1 even if nothing in the code has been changed. This is because the compiler 

can include (usually not add) or remove parts of the source code before doing the actual 

compilation. If the case is that a section of source code has been inactivated (removed) 

during compile time it is impossible to activate (add) this section without recompiling the 

source code and reinstall the entire system at customers’ location. It makes the system 

inflexible and makes it hard to configure. If all configuration parameters where used at 

runtime it would be possible to change only one or more values in a configuration file to 

make the same thing. Another issue arises when adding new modules. Since there is no 

                                                 
1
 Binary files are the files which are constructed out of the source code by the compiler. These files are 

executable and can thus be run on a computer. 
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general way of filtering data or standard of how it should be done it has to be decided 

every time a module is added and it is up to the programmer how it is done. Furthermore 

it can be argued whether this design is modularized enough or not. One can claim that the 

modules’ main purpose is to collect data entered by the user or sent from other modules 

and should not have any knowledge about what and how this data should be filtered 

before it is transferred to the DTU. 
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3. Design Measurement Methods 

When evaluating a design in terms of cohesion and coupling, there are needs of 

formal methods that can do this in an objective way. This section describes the methods 

used when evaluating the designs in this thesis. 

3.1. Class Cohesion Metrics 

Class cohesion metrics is a method for measuring relatedness within classes, e.g. how 

tightly connected functions and variables are within a class. There are several types of 

techniques when investigating class cohesion. One of the more common methods is 

called Lack of Cohesion in Methods (LCOM). LCOM itself comes in several flavors 

(LCOM1 to LCOM5) and they are doing the measuring in more or less different ways 

[12]. The chosen one in this thesis is LCOM4. It is commonly used and is fairly simple to 

utilize. 

3.1.1. LCOM4 

The class cohesion metrics LCOM4 is quite easy to explain and to use. The goal is to 

find all relationships between methods within a class. Two methods can be related in two 

different ways as listed below. 

 

• One method invokes the other 

• Both methods access the same class member 

 

When all relationships are found a graph can be drawn to visualize the relations. The 

number of separated method groups is the LCOM4 value. A simple example is given 

below. 

LCOM4 Example 

The class MyClass contains five methods (A-E) and two variables (X and Y). Now, 

consider two different cases of how MyClass might be designed. In Case 1 method A 

invokes method D which access variable X, method C invokes method E. Method B and 

method C both access variable Y. The graph of Case 1 would turn out as shown in Figure 

4. 
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Figure 4 – Case 1 method graph with LCOM4 value 2. 

 

In Figure 4 it is obvious that the methods are divided into two separated method 

groups and thus MyClass obtain the LCOM4 value 2. Case 2 is almost the same as Case 

1, but now the method B is accessing class member X as well. This is shown in Figure 5. 

 

X Y

A

D

C

E

B

X Y

A

D

C

E

B

 
Figure 5 - Case 2 method graph with LCOM4 value 1. 

 

In Figure 5 it is shown that MyClass only consists of one method group and thus 

have the LCOM4 value 1. 

 

What does the LCOM4 value actually say and what value is the one to strive for? The 

desired value is 1 which denotes a cohesive class. Value 2 and over indicates that there 

might be a problem and the class could perhaps be subject for redesign. If a class contains 

no methods at all it gets the LCOM4 value 0, and this is seen as a badly designed class. 
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3.2. Class Coupling Metrics 

While cohesion describes the internal dependencies within a class, coupling is about 

the interdependencies between classes. As for many other metrics in object oriented 

design there are several methods for doing the calculation of coupling. The method used 

for evaluating the design couplings in this thesis is called dependency relationship and it 

is described in this section. 

3.2.1. Dependency Relationship 

Dependency relationship describes relationships between classes and how classes use 

functionality of other classes. There are three types of relations that can be identified. 

These are listed below. [13] 

 

• One class uses another as a parameter in a function. For example, ClassA 

has a function Func1(ClassB param). There is a relation between 

ClassA and ClassB. 

 

• A method in a class uses another class as a local variable. For example, 

 
ClassA::Func1 {   ClassB { 

 ClassB var;    … 

 …     } 

} 

 

There is a relation between ClassA and ClassB. 

 

• A method in a class uses another class as a return value. For example, 

ClassA has a function Func1() { return ClassB; }. There is a 

relation between ClassA and ClassB. 

 

By going through class declaration and method implementation the three types of 

dependencies can be discovered. To measure the dependency coupling for a class the 

metrics below will be used for the designs. 

 

• �umber of used classes by dependency relation (NUCD). This number tells 

how many distinct relations a specific class has to other classes. It does not 

matter what kind of relation it is (see list above). If there is a relation between 

the specified class and another class NUCD, for that specific class, is 

increased by one (even if there is more than one relation between the classes). 

 

• Total �UCD (TNUCD). This value is used for counting all dependencies to 

other classes, i.e. every dependency of the tree types described above. For 

each found dependency TNUCD is increased by one. 
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• Ratio of �UCD to T�UCD (RNUCD). This number gives the ratio between 

the total number of dependencies and the number of used class dependencies. 

It is defined as shown in Equation 1. A high RNUCD indicates a tightly 

coupled class while a lower number is obtained for a loser coupled class. Note 

that this ratio only is defined for classes with NUCD greater than zero. 

 

0 NUCD    ,
NUCD

TNUCD
RNUCD >=  

Equation 1 - Definition of R6UCD. 
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4. Design Patterns 

This section gives an introduction to the concepts of design patterns. This includes 

some background, the different groups of patterns and motivation to why patterns should 

be used in software architectural design. 

4.1. What Is a Design Pattern? 

Design patterns are not only found in software design. It can be applied to other kinds 

of designs as well even if it today is strongly associated with software. Christopher 

Alexander, co-author of the book A Pattern Language, describes patterns in architecture 

of buildings and cities. 

 

“Each pattern describes a problem which occurs over and over again in our 

environment, and then describes the core of solutions to that problem, in such a way that 

you can use this solution a million times over, without ever doing it the same way twice” 

[5] 

 

What Christopher Alexander says about patterns in architecture can also be applied 

when designing more or less complex software systems. 

 

But what is a design pattern or a pattern in general? What should be present to make 

it a pattern? There are four fundamental attributes that every pattern should have [5] and 

these are listed below. 

 

• Pattern name. The pattern name is used to shortly describe the design problem, 

its solution and consequences. Having a descriptive name for each pattern makes 

it easier to talk about them and use them in documentation. 

• Problem. The problem associated with the pattern is used for describing when to 

apply the specific pattern. It can for example describe an existing structure that is 

in some way inflexible. 

• Solution. The solution describes how the pattern should be applied. It does not 

give an exact outline how to implement every detail. It rather describes a 

framework or a general way of how to arrange elements and object to solve the 

problem. 

• Consequences. When applying a design pattern to solve a problem that a system 

or module is experiencing, there are always some results and tradeoffs. These are 

called consequences. It is important to know about the consequences when 

selecting and applying pattern to a problem to understand the costs and the 

benefits associated with applying it. Examples of costs can be time and space 

tradeoffs and benefits usually are in terms of a more flexible design. 
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Design patterns should not be confused with the concepts of algorithms. An algorithm 

is a structured way to solve a problem (often within theory of mathematics or computer 

science) using well defined instructions [6]. The instructions should, with absolute 

certainty, take the problem from one given state to another known state. This reasoning 

does not apply to design patterns since it is about recognizing a problem and then find a 

pattern to use. The pattern does not specify exactly how to solve the problem step by step 

but rather gives suggestions how things could be rearranged and restructured. It might 

even need some adjustments to suit the current problem fully. 

4.2. Why Use Design Patterns? 

In section 4.1 the basics of design patterns were described and how they are denoted. 

But why should design patterns be a part of the design work? Is it not possible to just 

design and write the code anyway? Of course it is. But the patterns are helpful in several 

ways when trying to avoid common mistakes and taking decisions about the design that 

are not so obvious. Below follows some of many problem areas where support from 

design patterns can be useful. 

 

In object oriented software, objects can be of various sizes. They can represent 

everything from the tiniest part to whole systems. It can be hard to figure out where to 

draw the line when an object should be split in several parts or when two or more object 

should be merged (note that this is connected to the theory of coupling and cohesion). 

Many design patterns addresses this problem and can thus be of support when taking 

these decisions. An essential part of object oriented design is reusability. To achieve 

reusability the two most common techniques are object composition and class 

inheritance. Both of them have their own benefits and costs, and design patterns can be 

used for deciding when to use what technique. Another really important thing to consider 

when designing software is to think of the future. Even if it seems so from the beginning 

that the software never will change it is probably not the true case. Software is often 

subject to change [7] and thus suffers from designs that do not take this into account. 

Design patterns can be used for identifying and applying a design that allows the software 

to develop over time without having to redesign the entire system. 

4.3. Different patterns 

There are a several defined patterns and they can be categorized to belong to one of 

three groups. The groups are creational patterns, structural patterns and behavioral 

patterns and these are shortly described below. 
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4.3.1. Creational Patterns 

Patterns that are categorized to be creational try to make the creation of objects 

abstract1. They can also increase the grade of independence between the objects and the 

system. The patterns are often introduced in a system when it is evolving by using object 

composition rather than class inheritance. A system of this type has objects that get more 

and more complex and thus more difficult to instantiate. Creational patterns can provide a 

way to make the creation of these objects more abstract. All the system has to know is the 

interface to the abstract class and does not need to have any knowledge about the 

underlying structure. 

4.3.2. Structural Patterns 

Structural patterns deal with the issues concerning how classes and objects are 

connected together to form larger structures. The pattern group can be divided into two 

sub categories: structural class patterns and structural object patterns. The first one 

focuses on using inheritance to compose implementations and interfaces. By using 

multiple inheritances a class or an interface can retrieve properties and functionality from 

several parent classes. This technique is useful when linking two or more independently 

developed class libraries. The other sub category, structural object patterns, has a 

different approach to composition. Instead of forming classes and interfaces using 

inheritance these patterns is more concerned with object composition. This technique 

makes it possible to interchange objects runtime, something that is not possible with 

structural class patterns. 

4.3.3. Behavioral Patterns 

Behavioral patterns looks at the design on a more broad perspective than the other 

two pattern groups described above. It concerns not only how classes and objects are 

composed but it also specifies the communication between them. Behavioral patterns 

move the focus from how and when the code within objects is executed to overview how 

the communication between objects is done. Just like structural patterns this pattern can 

be sub divided into behavioral class patterns and behavioral object patterns. The first one 

uses inheritance while the latter is more about object composition. 

4.4. How to Apply Design Patterns 

When having a pile of patterns structured into the three groups above, how should a 

pattern be selected and applied to make a design better? There a more than one way to do 

this depending on the circumstances, but some ideas and suggestions can at least be given 

here. First try to identify the problem. What is lacking in the current design? What 

domain does the problem belong to: is it a creational, structural or behavioral problem? 

Study patterns in the domain to which the problem belongs. Patterns in the same group 

                                                 
1
 The meaning of abstraction in this context is that the ones who are creating this type of object can focus 

on the major elements concerned with the object and can thus ignore details of how the object is 

created. [4] 
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are developed to solve similar types of problem. Probably one of them addresses the 

current problem better than the rest of them. Other things to consider are the 

consequences of applying the pattern. It may be so that the tradeoffs and negative effects 

are greater than the benefits of adapting the pattern and maybe it is not useful to apply a 

pattern at all. Finally, and maybe most important, is to identify what parts of the design 

can be subject for change. If it is possible to foresee what is going to change in the future 

then these things can be encapsulated and designed to address the problem of future 

change. A bit of how design pattern theory was used in this thesis will follow later in this 

report. 
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5. Design 

This chapter describes the different suggestions for a new design, with their pros and 

cons, as well as the chosen one. 

5.1. Working Process 

When being thrown into a huge software system with hundreds of thousands or even 

millions lines of source code, how is it possible to get started and what method should be 

used? This can be a very tricky issue. It can be hard to get an overview of the problem 

without getting into too many details. 

 

Before starting the actual work in this thesis a work plan was made. This plan was 

intended to work as a support throughout the thesis, especially when identifying the 

problem and developing the design suggestions. It was also one part of the risk 

assessment during the thesis work (see section 1.6). The working process started with the 

two groups of artifacts; source code and documentation. The documentation consisted of 

both design documents and requirement documents. By reading the documentation it was 

easier to get a grip of how the system was developed from the beginning and understand 

the requirements of the system. The source code on the other hand gave understanding of 

how the requirements were met by implementation. The artifact groups together with the 

two support resources experience and the theory of design patterns made up the 

foundation for the work with development of the different suggested designs. The support 

resource experience includes skills obtained from university courses and life experience 

as well as the knowledge supplied by other people at Aerosystems. The design patterns 

resource acted as a support when trying to find a design that is flexible and extensible. 

How design patterns can be adopted in a design is outlined in chapter 4.4. 

 

To select one of the proposed designs, the support from experience and design 

patterns was utilized once again together with the measurements done with the coupling-

cohesion metrics. This time the support processes were more used for weighting tradeoffs 

and benefits against each other to make it possible to choose the suggestion with the best 

benefit-tradeoff ratio. The chosen design should then validated by partly implementing 

the design. If the design was not good enough and not entirely satisfying this new 

experience was input to a new round of design work. Of course the artifacts and support 

processes were input to the new design work as well. The working process is shown 

graphically in Figure 6. 
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Figure 6 - Design work process. 

5.2. Designs 

When working with the development of a new design for the DTU load functionality, 

it was important not to just go with the first suggestion that popped up in mind. If doing 

so it would be a possible risk for getting too attached to this design and maybe not trying 

to manage the downsides of the design. It would be even worse if the downsides were not 

considered at all due to the wish of just going forward with the specific design. Therefore 

a number of more or less different designs were produced to have a possibility of 

weighting pros and cons of each design. The most significant and interesting designs are 
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the ones presented later in this chapter. It is important to be aware of that the designs are 

not given with so many details. This is done on purpose since it is not essential for giving 

the pros and cons with the design and it should be possible to choose one of the 

suggestions anyway thus saving some work, space and time. By doing so it also avoids 

revealing too much of the functionality surrounding the designs. 

 

The design suggestions are all using the same method to do the actual transfer of data 

to the DTU, i.e. by calling a script that uses FTP to transfer the DTU files. Therefore the 

designs presented in this chapter only concern how to extract the data from the modules 

that produces and holds information, filtering the data and writing it to DTU files. 

5.2.1. XSLT as Filtering Technique 

All of the designs use XSLT (eXtensible Stylesheet Language Transformation) to 

perform the filtering of data, e.g. for selecting which data to be loaded onto the DTU. 

XSLT is a declarative programming language
1
 for transforming XML (eXtensible 

Markup Language). Input can be any XML document and output is arbitrary. For 

example XSLT can transform XML into HTML (HyperText Markup Language) or XML 

into XML [8]. It can be used by defining a XSLT document with rules for transformation, 

e.g. things that should be copied, removed or changed. It can then be applied to a XML 

document using a XSLT processor which creates an output with the result of the 

transformation. This is graphically shown in Figure 7. The specification and syntax of 

XSLT is a product of W3C (World Wide Web Consortium). [9] 

 

 
Figure 7 - Flow chart for filtering with XSLT. 

 

 

Why is XSLT chosen as the filtering technique? Is it not possible there is a better way 

of filtering and is it not a bad decision to select filtering method before the first design 

suggestion is constructed? This decision will be motivated here. First, XSLT was not 

chosen before the design development was started. It rather came up when starting 

thinking about possible solutions. So why is it the only filtering technique used in all 

design suggestions? XSLT and XML have a number of advantages, in this case especially 

                                                 
1
 A declarative programming language is a language that lets the programmer specify what should be done 

rather then how it should be done. This is also sometimes called to be a non-procedure language [4]. 
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two: portability and readability. The latter of the two concerns the fact that both formats 

are possible to read for a person, e.g. if saved to files they can be read as plain text. This 

implies that no special tools or software is needed to create or modify a filter file (XSLT 

with file format extension .xsl). A simple text editor is sufficient for doing these types of 

operations. The other big advantage is the portability. The meaning of this is that XML 

(and thus also XSLT) is platform independent, e.g. it does not care about what operating 

system is installed onto the computer and since XML is not specified by any 

programming language or complier it is structured in the same way for all of those 

(provided that it is implemented according to the specification). If the source code for the 

MPS should be converted into a different language than C++ this would not have any 

affect for the technique for filtering DTU data. Furthermore Xerces-C++
1
 and Xalan-

C++
2
 are available tools when developing the MPS. 

 

Of course there are alternative methods for doing the filtering. But with no other third 

part libraries available than the ones mentioned above, this would imply that design of a 

filtering engine must be developed. To design such an engine, that could do filtering for 

generic data, would most certain be to shoot over the target. Especially, since all this 

filtering can be done using XSLT. 

XSLT Example 

To illustrate how XSLT can be used, a simple example is given here. Inputs to the 

XSLT processor are the two files source.xml and filter.xsl. The first file is the original 

XML that is subject for filtering and the latter is the actual filter describing what the 

output (output.xml) should look like. Note that these are just mockup files and have 

nothing to do with the how the DTU data really looks like. The filtering follows the 

principle in Figure 7 and the source code is shown in Source Code 1. 

 

The filtering in this example removes the customer specific (secret) part in the radio 

section, the rest remains just as it is. The filter also adds the MPS version to the output 

file. 

                                                 
1
 Xerces-C++ is a XML parser for C++ provided by The Apache XML Project [10]. 
2
 Xalan-C++ is a XSLT processor for C++ provided by The Apache XML Project [11]. 
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Source Code 1 - XSLT filtering example. 

<?xml version="1.0" encoding="UTF-8"?> 

<?xml-stylesheet type="text/xsl" href="filter.xsl"?> 

<DTUData> 

  <Radio> 

    <Channel>32</Channel> 

    <Channel>84</Channel> 

    <CustomerASpecific> 

      <SomethingSecret>XXXX</SomethingSecret> 

    </CustomerASpecific> 

  </Radio> 

  <Navigation> 

    <Point> 

      <Id>1</Id> 

      <Longitude>E 15.6188</Longitude> 

      <Latitude>N 58.4187</Latitude> 

    </Point> 

    <Point> 

      <Id>2</Id> 

      <Longitude>E 11.0366</Longitude> 

      <Latitude>N 58.8904</Latitude> 

    </Point> 

  </Navigation> 

</DTUData> 

<?xml version="1.0" encoding="UTF-8"?> 

<xsl:transform version="1.0" xmlns:xsl="http://www.w3.org/1999/XSL/Transform" > 

  <xsl:output method="xml" version="1.0" encoding="iso-8859-1" indent="yes"/> 

  <xsl:template match="/"> 

    <xsl:element name="DTUFilteredData"> 

      <xsl:element name="Version">19.4</xsl:element> 

      <xsl:apply-templates select="/DTUData/Radio" /> 

      <xsl:apply-templates select="/DTUData/Navigation" /> 

    </xsl:element> 

  </xsl:template> 

  <xsl:template match="Radio"> 

    <xsl:element name="Radio"> 

      <xsl:copy-of select="Channel" /> 

    </xsl:element> 

  </xsl:template> 

  <xsl:template match="Navigation"> 

    <xsl:copy-of select="." /> 

<?xml version="1.0" encoding="UTF-8"?> 

<DTUFilteredData> 

  <Version>19.4</Version> 

  <Radio> 

    <Channel>32</Channel> 

    <Channel>84</Channel> 

  </Radio> 

  <Navigation> 

    <Point> 

      <Id>1</Id> 

      <Longitude>E 15.6188</Longitude> 

      <Latitude>N 58.4187</Latitude> 

    </Point> 

    <Point> 

      <Id>2</Id> 

      <Longitude>E 11.0366</Longitude> 

      <Latitude>N 58.8904</Latitude> 

    </Point> 

  </Navigation> 

</DTUFilteredData> 

source.xml output.xml 

filter.xsl 
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5.2.2. Design 1 – The Simple Way 

The first developed design is by far the most simple and would probably be the least 

time consuming to implement. It does not change the architectural design of the software 

much at all. It just more or less proposes that the file writing functions in the DTU file 

producers should be rewritten. Before writing the DTU file all data is added to an XML 

document. This document is then filtered using the appropriate XSLT file (radio.xsl for 

the radio module etc.). The filtered data is then written to the DTU file. 

Class diagram 

The class diagram for this design is shown in Figure 8. 

 

 
Figure 8 - Class diagram for design 1. 

 

As seen in Figure 8 the architectural structure is not changed from the original design. 

Some functions and members are added to classes implementing 

DTUFileProducerInterface. 

Sequence Diagram 

A sequence diagram for DTU data filtering and file writing for any of the existing 

DTUFileProducers is shown in Figure 9. 
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Figure 9 - Sequence diagram for design  1. 

 

DtuLoadUiImpl is calling all DTU file producers present in DTUFileCart (see 

class diagram in Figure 8). Each file producer contains its own functionality for filtering 

data and writing it to a DTU file. 

Pros 

There are some advantages with this design proposal. The most obvious is the 

simplicity. It does not change a lot in the existing solution and therefore it should be a 

design that is quite quick to implement. The design does actually solve the problem with 

the inflexibility concerning the data that is written to the DTU. Another advantage is that 

since it does not change the modules interface, which every object using, its functionality 

can use the modules just like before the change. 

Cons 

Even if the proposed design solves the requested functionality of flexible output, it 

does not provide the developers with a design that is flexible. The logic of how filtering 

is done and how data is written to DTU files is still hidden inside the actual data 

producer. It does not provide a flexible structure for writing DTU data files in a different 

way than the one already existing. To accomplish that with this design would require a 

rewrite of the exportToDTU function or an additional export function and modification 

of DtuLoadUiImpl. 

Used Design patterns 

No additional design patterns are introduced by using this design. 

5.2.3. Design 2 – The Semi Dynamic Design 

The second design adds some more flexibility compared with the first one. It aims to 

make the DTU file producers a little less aware of how the filtering and writing is done, 

hence making the architecture more tolerant to change. 

 



28 

 

Class Diagram 

The class diagram for this design is shown in Figure 10. 

 

 
Figure 10 - Class diagram for design 2. 

 

In Figure 10 grey classes and interfaces (dark if black & white document) are the 

ones that already exists. In these classes and interfaces only new functions are denoted 

while existing functions are left out. The yellow classes and interfaces (brighter) are those 

which are introduced through this design. White notes are pseudo code for important 

functions in some of the classes. 
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The design is an extension of Design 1 but instead of having functionality for writing 

and filtering directly in the file producers this have been lifted out to separate class 

hierarchies. All DTU file writing is done by instantiated classes implementing the 

DTUFileWriterInterface. The same semantic is applied for the filtering 

functionality. 

Sequence Diagram 

A sequence diagram for DTU data filtering and file writing for any of the existing 

DTUFileProducer is shown in Figure 11. 

 

 
Figure 11 - Sequence diagram for design 2. 

 

When using this design for loading the DTU the first thing that happens is that the 

DTU file producer instantiate a filter and then uses that for filtering the data. When the 

data is prepared a file writer is instantiated for doing the actual writing. For both 

operations the file producer needs to know exactly which filter and writer to create. 

Pros 

This design introduces a number of improvements compared with the first one, 

mostly by the flexibility of write and filtering methods. These two important 

functionalities can in this design vary independently of the DTU file producers. The 

proposed architecture makes it possible to interchange filtering technique and/or file 

writing runtime by changing in a configuration file. 

 

Even though this design adds a lot of flexibility it is still quite clean. This is an 

advantage when adding or modifying functionality. 

 



30 

 

Cons 

Even if this design has a lot of good properties there are of course disadvantages as 

well. The DTU file producers still needs to have knowledge of which file writer and filter 

to use and how to instantiate them. This infers that logic for selecting filter and writer still 

must reside in the actual DTU file producer and this is a responsibility that maybe should 

not be put on the file producer. 

Used Design Patterns 

This design introduces at least one important design pattern in its architecture. 

Strategy 

The strategy design pattern belongs to the behavioral patterns. It defines a group of 

algorithms (writers or filters in this case) and makes them exchangeable and thus lets 

them vary independently of the clients using them. 

 

Strategy pattern can be found in the design where implementations of 

DTUFileProducerInterface are clients and DTUFileWriterInterface and 

DTUFilterInterface defines two families of algorithms. 

5.2.4. Design 3 – The Dynamic Plan 

The third design is even more advanced than the second one. It adds several abstract 

classes (interfaces) and concrete classes to the architectural design. The design aims to 

decouple the logic for selecting filter and file writing methods from the file producers. It 

also plans for possible future modification since filtering and loading techniques becomes 

interchangeable runtime. 

Class Diagram 

The class diagram for this design is shown in Figure 12. 
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Figure 12 - Class diagram for design 3. 
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In Figure 12 grey classes and interfaces (dark if black & white document) are the 

ones that already existed. In these classes and interfaces only new functions are denoted 

while existing functions are left out. The yellow classes and interfaces (brighter) are those 

which are introduced through this design. White notes are pseudo code for important 

functions in some of the classes. 

 

The new loader, DTULoader, uses a factory class for creating the necessary and 

appropriate DTUFileWriter. The factory is of type DTUFileWriterFactory. 

The factory knows how to get the necessary configuration values, i.e. where to write the 

file in the file system and which concrete writer to use, and creates the file writer in the 

correct way. The writing methods that earlier resided in the actual 

DTUFileProducers modules are moved (and rewritten to use XML) to separate 

concrete classes which all inherits DTUFileWriterInterface. 

 

Filtering of DTU data is done using classes implementing DTUFilterInterface. 

In Figure 12 the only concrete filter class is XSLFilter which is used for filtering DTU 

data using XSLT. The instantiation (creation) of filter objects is done by 

DTUFilterFactory which know how to create the correct filter object in the right 

way. 

 

A legitimate question to ask is why there is no composite object that contains both 

filtering and file writing functionality and why DTUFileProducers itself should make 

sure that the filtering is done. The reason is that all producers also have functionality for 

writing data to an XML structure when saving a mission. This function is not shown in 

Figure 12 since it is not a new function. It is of course of great importance that the 

information that is written to the XML structure also is filtered in a correct way. Since it 

does not involve DTU loading it was designed to be separated. 

Sequence Diagram 

A sequence diagram for DTU file writing for any of the existing 

DTUFileProducer is shown in Figure 13. 
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Figure 13 - Sequence diagram for DTU file writing with design 3. 

 

When loading of the DTU starts, the file cart (containing a reference to all existing 

DTU file producers) is sent as an argument to DTULoader. The DTULoader uses the 

DTUFileWriterFactory to create and initialize one DTUFileWriter for each 

DTUFileProducer in the DTUFileCart. The file writer then becomes the handle 

for writing the DTU file for the particular file producer it was created for. 

 

A sequence diagram for DTU data filtering for any of the existing 

DTUFileProducer is shown in Figure 14. 

 

 
Figure 14- Sequence diagram for DTU data filtering with design 3. 

 

Filtering can be necessary in different situations. A status check (if data is filtered or 

not) of a file producer’s data must always be done before saving the mission or sending 
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data to the DTU. This is done using the isFiltered function. When data have been 

updated since last filtering a new filter process needs to be started. To start filtering the 

DTUFileProducer need to get a handle to a filter object. This is accomplished by 

using DTUFilterFactory. The factory creates the right type of filterer, i.e. an 

XSLFilter, and delivers it to the producer. The producer can then use the obtained 

object for filtering its’ data. 

Pros 

This design is much more dynamic than the previous ones. First of all, it allows 

several different file writers for the same object of type DTUFileProducer (e.g. radio) 

and the choice of which writer to use can be assigned runtime. This gives the possibility 

to select a different way of writing the DTU file at any given time. Of course the file 

writer must be present in the system and it must implement 

DTUFileWriterInterface. The same goes for the filtering. It might be so that a 

different filtering technique than XSLT is preferred in the future and without changing 

neither in the DTU file producers nor in the DTU file writers this can be accomplished. 

 

The use of factories for file writers and for data filters makes it is easy to add more 

subtypes to the writers and filterers interfaces. For adding a new filter, all that is needed 

is a new class that implements DTUFilterInterface and add functionality so the 

factory can create it. To use the new type of filterer it is as simple as changing in a 

configuration file what type of filter that should be used. This also implies that different 

file producers actually can use different types of filtering technique. The process for 

adding filterers can also be applied for adding new writers. 

Cons 

With increased flexibility comes a greater overhead in terms of more interfaces and 

classes, hence a more complex architecture. Since this design introduces more 

complexity to the structural design it can be harder to get a simple overview and this can 

make it more difficult for a developer or designer to understand it as fast as a simple 

design. 

Used Design Patterns 

This design introduces several design patterns to the architecture. The ones used are 

presented grouped by pattern below. 

Singleton 

The singleton pattern is a creational pattern which enforces that exactly one instance 

of the class exists. It makes it easy to use since no knowledge about the creation process 

is needed and it is always accessed in the same way. 

 

The pattern is used in DTULoader, DTUFileWriterFactory and in 

DTUFilterFactory.  
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Factory method 

The factory method pattern (sometimes called virtual constructor) is a creational 

pattern which is used for defining an interface for creating objects. The caller does not 

need to know how to instantiate the class or even exactly which class that becomes 

instantiated. 

 

A parameterized variant for the factory method is used in 

DTUFileWriterFactory and in DTUFilterFactory. 

Strategy 

The strategy design pattern belongs to the behavioral patterns. It defines a group of 

algorithms (writers or filters in this case) and makes them exchangeable and thus lets 

them vary independently of the client using them. 

 

Strategy pattern can be found in the design where implementations of 

DTUFileProducerInterface are clients and DTUFileWriterInterface and 

DTUFilterInterface defines two families of algorithms. 

5.2.5. Design 4 – Flow Principle 

The fourth and last of the presented designs aims to make the DTU file writing as a 

flow with a distinct beginning and end. This differs from the previous designs in which 

the filtering and writing was separated operations which had to be executed in correct 

order. In this design these procedures rather succeeds each other. Some of the structures 

from previous design have been reused in this one. Except for the flow principle thinking 

another thing is notable. The design does not only change how the creation of DTU files 

are done but it also open up the possibilities of handling the writing of files for saving a 

mission to hard drive. This is not really in the scope for this thesis or the design work, but 

if it is possible to achieve it might be of benefit. It is worth mentioning that the mission 

file saving could gain of a makeover as well. Up till now this functionality is 

implemented using a variant of the Visitor design pattern but does not take full advantage 

of the pattern. 

 

If this design is chosen, it is considered valid if it validates for the DTU files, i.e. for 

its’ main purposes. A working implementation of the mission files writing can be seen as 

a positive side effect. 

Class Diagram 

The class diagram for design 4 is shown in Figure 15. 
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Figure 15 - Class diagram for design 4. 
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In Figure 15 grey classes and interfaces (dark if black & white document) are the 

ones that already existed. In these classes and interfaces only new and significantly 

changed functions are denoted while existing functions are left out. The yellow classes 

and interfaces (brighter) are those which are introduced through this design. White notes 

are pseudo code for important functions in some of the classes. 

 

The most central part in this design is the DataWriter class. It acts as a portal for 

writing any type of data to any type of media, and it provides a generic interface to the 

DTUFileProducerInterface. DataWriter collects all data that is written to it 

and on command sends it for filtering and writing. The client, in this case 

DTUFileProducerInterface and DTUFileCart, does not need to know 

anything about what happens after sending the data or if and how filtering is done. 

 

DataWriter sends collected data to DataFilter which takes responsibility for 

filtering the data. DataFilter uses FileWriterFactory for creating all necessary 

writers for the data. 

 

A question to ask is why there is no factory for creating filters. There could be a 

factory for this and it should be fairly easy to squeeze in afterwards if necessary. But here 

it was left out due to not littering the class hierarchy and class structure without any 

benefit. The job that a factory would perform is in this design done by the classes 

implementing FilterInterface. 

Sequence Diagram 

A sequence diagram for writing data for DTUModule_1 (implementing 

DTUFileWriterInterface) to DTU file is shown in Figure 16. The diagram is only 

showing the writing for one producer, but it is done in the same way for everyone. It is 

also done in the similar way if writing to mission file or any other type of file structure or 

other type of media. 
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Figure 16 - Sequence diagram for DTU file writing for design 4. 
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Just as in the existing solution, the DtuLoadUiImpl calls the exportToDTU 

function for the DTUFileCart. The file cart iterates through all 

DTUFileProducers within it and calls exportToDTU for each and one of them. 

 

When this function gets called the file producer prepare an XML document from its 

data, gets a reference to the DataWriter and adds its XML data to it. This is done for all 

producers and thus the DataWriter is fed with data as long as there are more producers in 

the cart. Note that in Figure 16 the cart contains only one file producer. 

 

When the cart has iterated through all of the producers, all data has been transferred 

to the data writer and the write function of the writer is called. All data is then sent to 

the DataFilter who makes sure the data is filtered in a proper way. After this the 

filter creates all necessary writers for writing the data by using the FileWriterFactory and 

then calls the write function for each one of them. 

Pros 

There are several significant advantages introduced in this design. The most 

important is that the framework provides the clients with an interface for just sending 

data to the file writer without having any knowledge about how the data is filtered or 

written. The client might be any kind of data producer, in theory it does not even have to 

be a DTU file producer. This kind of abstraction is not offered by the previous designs. 

 

Another important feature with this design is that it makes it possible to write filtered 

data (or unfiltered data) to any type of file structure or media. For adding functionality for 

writing to a new type of file or media all that is needed is to extend the family of sub 

classes implementing the FileWriterInterface. 

Cons 

Just as with the other designs, the principle of increased flexibility leads to more 

complexity applies here to. More steps and function calls between a larger number of 

objects makes it harder to understand compared to just having one function performing 

all of it. 

 

It will also require much work to migrate the mission file saving into this new design 

since the existing way is implemented in a very complicated way. This is not necessarily 

a disadvantage with this design, but it should be taken into account the amount of work 

required for using the design to its fully extension. 

Used Design Patterns 

There is a number of design patterns used in this design and at least one of them are 

not found in the previous ones. The patterns found in this design are presented below. 
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Factory method 

The creational pattern factory method (sometimes called virtual constructor) is used 

for defining an interface for creating objects. The caller does not need to know how to 

instantiate the class or even exactly which class that becomes instantiated. 

 

This pattern is used for designing the part where the writers are created. The 

FileWriterFactory which can be called to get instantiated file writers that are good 

to go. 

Singleton 

The singleton pattern is a creational pattern which enforces that exactly one instance 

of the class exists. Since the pattern ensures this it is certain that all clients using the 

singleton class does not by mistake instantiate another object. This can be crucial when 

objects should add data to the same object or share data. The pattern also makes it easy to 

use these type of instances since no knowledge about the creation process is needed and it 

is always accessed in the same way. 

 

In this design the singleton pattern is found in DataWriter and this implies that all 

producers will add their data to the same instance. 

Strategy 

The behavioral pattern strategy defines a group of algorithms (writers or filters in this 

case) and makes them exchangeable and thus lets them vary independently of the client 

using them. 

 

This pattern can be found in the interface FileWriterInterface together with 

the classes implementing it. DataFilter, the client in this case, does not care about exactly 

which file writer it gets as long as it implements the interface. 

Façade 

The design pattern façade belongs to the group of structural patterns. It is used for 

creating a portal (or façade) for hiding complex operations, but instead provides the 

clients with a simple and understandable interface. The client can thus have complicated 

operations performed, which might be composed by many separated operations, without 

having to know any details. The only object’s interface the clients have to understand acts 

as a façade to the underlying and more complex structure. 

 

In this design the façade pattern can be found in DataWriter (façade). It is the only 

interface visible to the file producers (clients). The interface is easy to understand and 

still supports the necessary functions for doing the needed operations. Underneath the 

surface of the façade there are a lot of things going on that the clients does not need to 

understand. 
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5.3. Choosing Design 

With the four different designs, how should the selection of the one to implement be 

done? This is a matter of weighing tradeoffs and benefits of the designs against each 

other. Benefits are in terms of flexibility and which of the problems the design actually 

solves, while tradeoffs are about a more complex structure and code that is harder to 

understand. 

5.3.1. Weighting and Calculating Metrics and 
Characteristics 

In section 3 the different kinds of measurements and metrics, to be used in this report, 

was outlined. But there are more things of importance than just the things that can be 

measured. For example, specific wishes of the design characteristics from Aerosystems 

and the personal feeling (based on experience) are parameters that can be a part of the 

design decision. Below follows the parameters that are used for choosing design in this 

thesis. Each parameter is described in terms of what method is used for calculate (or 

deciding) them and a weighting factor. The factor describes how important the parameter 

is and it is multiplied with the metric for each design. 

Cohesion Metrics 

The cohesion value is calculated using LCOM4 as described in section 3.1.1. Each 

design obtains the highest LCOM4 value found in that particular design. The weighting 

factor for this parameter is -1. It is a negative factor since a higher LCOM4 value should 

reduce the total score for a design. The problem that can occur if a class obtains a 

LCOM4 value equal to zero can be neglected here since all classes in the designs 

contains at least one method. 

Coupling Metrics 

The coupling value is calculated using the method described in section 3.2.1. The 

calculated value for each class is then summed up and divided by the number of classes 

to get a value that somehow is valid for the whole design. The weighting factor for this 

parameter is -2. It is a negative factor since a higher RNUCD value should reduce the 

total score for the design. The reason for choosing it to be as low as -2 is based on the 

understanding that a design with a high coupling value can suffer from inflexibility, 

which is something that really should be avoided, and thus the design should have a large 

score reduction. RNUCD is possible to calculate for each class since no one obtains 

NUCD equal to zero. 

Runtime Configuration 

This parameter is a static value that indicates if the design allows the filtering and 

writing techniques to be configurable runtime. This is a very important feature, so if a 

specific design has this feature it gets 5 points to the total score. 
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Experience Points 

The fourth and final parameter used in the evaluation of the designs is the experience 

parameter. This is a quite subjective rating of the designs, but not at all less important. 

During discussion with both very experienced and less experienced personnel1 at 

Aerosystems a rating of the designs was done. The designs obtained the score 4 (best) 

down to 1. Since so much experience was involved, and experience is worth much, the 

weighting factor is set to 1.5. 

5.3.2. Calculation Result 

With the prerequisites, of how to give the designs score, in previous section a score 

table could be composed to present the result. What is important to notice here is that due 

to security reasons, see section 1.7, the four designs are not outlined in detail in this 

report. They are rather simplified as much as possible. This can in some cases give the 

impression that the wrong metrics have been used when evaluating the designs. Note that 

the numbers used are based on the fully detailed designs and thus should be the ones to 

be used. 

 

Table 1 shows a summary of how the designs were evaluated.  

 

Table 1 - Design evaluation summary. 

Parameter Design 1 Design 2 Design 3 Design 4 

Cohesion2 -1 -1 -1 -1 

Coupling
3
 -2 -2.8 -3.0 -2.2 

Runtime configuration 5 5 5 5 

Experience points 1,5 3 4,5 6 

     

Points 3.5 4.2 5.5 7.8 

 

                                                 
1
 It should be noted that the involved personnel was system developers and system architects. It can be the 

case that this leads to the choice of a design that is not the most cost efficient to implement. 
2
 Cohesion value is calculated for the fully detailed design, which is not published in this report. 
3
 Coupling value is calculated for the fully detailed design, which is not published in this report. The values 

are rounded to one decimal place. 
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As seen in Table 1 it is the fourth and last design that got the highest score and will be 

partly implemented in an attempt to validate it. What is notable is that the experience 

points were the single reason for the fourth design to win the battle. Without those points 

the first design would come out on top. It implies that in this case it was not sufficient to 

have the highest objective points, but a more subjective feeling based on experience was 

needed. In the table no score is given for usage of design patterns. This might at first 

seem a bit strange since the importance of design patterns have been highlighted in this 

report. Design patterns theory is an excellent tool when trying to solve problems with 

inflexible and badly designed systems. This does not automatically lead to that it would 

be correct to give points to a design just because the tool was used many times for a 

specific design. If a design uses several patterns but does not meet its requirements nor 

improve the design the benefits are shadowed by the drawbacks. 

5.4. Result 

Four more or less different designs were presented to be candidates for test 

implementation. Throughout the design phase theories of design patterns and experience 

were used as a support in the work. One of the designs was selected to be implemented 

and the choice was done using both objective measurements and experience as support. 

The last design to be developed was the one that was selected and the decision was partly 

based on discussions with persons at Aerosystem. 
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6. Design Validation 

How is a design validated? Which criteria should be fulfilled and satisfied to be able 

to call the design valid? Jack W. Reeves says: 

 

“Testing is a fundamental part of the design validation and refinement process. The 

high level structural design is not a complete software design; it is just a structural 

framework for the detailed design.” [7] 

 

Furthermore he claims that it is virtually impossible to validate a high level design 

without doing implementations. It might seem a little bit insularly to argue in this way, 

especially when having a small software design, but there can be things that force the 

high level design to change. For example, it can be undocumented bugs or features in 

third part libraries used in the design. Even in a state of the art design it can be the case 

that a dependency of an imported library does not behave as intended, and thus oblige 

changes to the design. 

 

With this in mind the validation work should be performed by implementing a part of 

the design to see whether it is possible to make it in the specified way. So, what is “a 

part” of the design? A part of the design is in this case all interfaces plus the classes 

needed to write the DTU file for one file producer, e.g. radio DTU file producer. 

6.1. Success Criteria and Faulty Design 

It is important to decide how to determine whether a design is valid or not before 

starting the actual validation. Furthermore there should be a plan for which actions to 

take if the design turns out to be invalid. 

 

The success criteria for a design are fairly easy to put in word, but might be more 

difficult to identify. If the test implementation holds, i.e. the design is possible to 

implement in an intended way and the design provides everything it promised, the criteria 

are fulfilled. It can seem quite fuzzy and it can be hard to actually determine if it was in 

the “intended way”. It has to be a case-to-case decision that is based on how 

straightforward it was to implement and how many adjustments were needed. If the 

chosen design is one that promises a flexible framework for future development it can 

also be complicated to determine if this is the case. Experience and gut feeling has to be a 

part of that analysis. 

 

If the design to be validated clearly does not hold up to what it should, i.e. does not 

meet the success criteria, actions need to be taken. The first thing to do is to try to 

identify and isolate the problem. If it is possible to redesign the faulty part without 

changing the overall solution, perhaps by using design patterns, this should be done. If 
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the problem is more extensive a decision has to be made whether the design can be kept 

and restored or if it should be discarded. In the latter case the design with the second 

highest score (see Table 1, page 42) should be used for validation instead. 

6.2. Implementation 

With a chosen design to validate and validation method decided, it was time to select 

the DTU file producer for the test implementation. The choice fell on the IFF DTU file 

producer, which handles data for […] during a mission. The motivation for this choice is 

that this producer is not the one that produces the most amounts of data and, more 

important, it does have parts that are customer specific. 

 

The implementation part can be seen as a few separated steps. The first step was to 

carefully analyze exactly what the IFF producer is able write to the DTU. By doing this a 

new internal XML structure could be constructed which contained all that information. 

The second step in the implementation phase was to implement all the necessary 

interfaces and the common classes in the design, such as DataWriter and 

DataFilter (see Figure 15, page 36). By doing this the framework for the new design 

was implemented and this gave the possibility to somewhat try to implement new writers 

using this framework. With the framework in place, the first writer 

(DTUFileWriterIFF implementing DTUFileWriterInterface) could be 

implemented. This was done by extracting the filtered data from the newly created XML 

structure and writing it to a DTU file in the same way as it was done in the original 

design. 

 

The design was followed as intended throughout the implementation almost in every 

aspect, but some changes were needed. These changes concerned replacing some data 

types with others. This was necessary since the investigation of some types were not 

exhaustive. The changes did not change the overall design decisions at all. 

 

Tests were always executed during the implementation to make sure that data were 

extracted, filtered and written to file in the intended way. 

6.3. Result 

The implementation, involving the languages C++ and XML, went without any major 

problems. Some problems of course occurred, but it was mostly with understanding how 

to use the third part libraries from Apache (Xalan and Xerces) in a proper way. 

 

The selected design was partly implemented in an attempt to validate the design. The 

chosen DTU file producer was the one that handles IFF data. All interfaces and classes in 

the chosen design were implemented except for the different writer classes. Of the writers 

only the DTU writer for IFF was implemented. 
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The design was possible to implement and the outcome, the created DTU file, 

contained the same information as it did with the old way of doing it. Thus design is 

therefore considered to be validated. 
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7. Evaluation 

This chapter describes the evaluation of the results, the outcome of this thesis. It also 

includes a discussion of the time consumption and personal experiences collected during 

the effectuation of the thesis project. 

7.1. Result and Working Process 

The results of this thesis are that a new way of handling DTU data and writing DTU 

files have been introduced into the MSS Planner and this was done using the working 

process described in section 5.1, page 21. The new design is the outcome of a selection 

between several proposed designs and the choice was made by comparing the properties 

and features of each design. 

 

The selected design was validated by implementing the common classes and 

interfaces (the framework) plus one of the writers. The design was possible to implement 

and the result was a more flexible design and a framework for adding new types of filters 

and writers. 

 

The main goal of the project was to develop a design for meeting the requirements 

and validate this design by implement it partly. This was done successfully. 

 

The design work process was a useful support to have while working. It acted 

somewhat as a guideline for the order of the things to be done. It also contained retreat 

paths that could be used if a design did not perform the things expected during the 

validation phase. 

7.2. Time Consumption and Experiences 

The startup phase, i.e. getting access to documents, source code and hardware and 

start working, took more time than planned. This was a little bit frustrating since thesis 

projects (just like all other projects) are in some way time limited and a slow start is not 

desirable. With all necessary tools and documents in place the investigation work could 

start and this part was completed in time. The design part of the thesis, including 

development and selection, also met its’ time plan and this also goes for the validation 

part. The lost time in the startup phase did not bring any real problems to the total time of 

the thesis. 

 

The working environment, including development tools and source code, was a quite 

difficult to first get a grip of. For example, the build system (for compiling source code 

and packaging the software) demanded a significant effort to understand and it was 
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actually replaced with a new system during this thesis. An exhaustive documentation, 

such as a programmers guide, would have been helpful to have for easier understanding 

how these tools are supposed to be used. 

 

The programming languages, mainly C++, were not really a problem since several 

courses of the languages have been included in the education program at the university. 

This led to that the implementation phase did not cause any significant problems in terms 

of language and syntax. 

 

A positive as well as a negative feature with the thesis work was the artistic freedom 

that came with it, i.e. the freedom to take many decisions and to develop the different 

designs. The positive side of this was the chance to use creativity and not being forced 

into something pre-defined. On the other hand this freedom was sometimes too generous. 

Due to limited resources, in terms of persons at Aerosystems to discuss solutions and 

thoughts with, it was not always certain that the performed work conformed what was 

desired. This is the major reason why a thesis of this type and magnitude probably should 

be done be more than one person and it is the most important experience when reflecting 

on the work that has been done. 

 

Another very vital thing to consider before starting up a project like this is to be 

careful when specifying what should be done to make the project successful. It is easy to 

just write a couple of line about the goals and purposes and then just start working. This 

could work if it is a project involving one person or maybe for a few persons with good 

communications. In other cases it can be difficult to be certain that all people involved 

have the same expectations of what and how things should be done. These are things that 

perhaps should have been done in a more careful way. 

 

Many of the courses taken at the university acted as a platform of knowledge when 

trying to solve problems during the work, especially courses in different programming 

languages and courses regarding design patterns. 
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8. Conclusions 

This chapter contains the conclusions drawn from the result. They are divided into 

conclusions for the design and for the validation and implementation. Furthermore some 

conclusions from the way of working are given here. In addition to this some suggestions 

for improvement and future work are also a part of this section. 

8.1. Working Plan and Design Work Process 

The in advanced made up plans for how to work in this thesis and how to work when 

developing the design were good to have as a support. The design work process plan was 

not fully utilized, since the first chosen design was considered valid. The consequence is 

that all possible ways in the process was not used. This is of course a good thing and even 

if the process never really was put to test, it was comforting to at least have a plan of 

what to do in case of problems along the way. Other important things to emphasize are 

the benefits which come with just having a plan. When making a plan, one has to think 

ahead and by just doing this numerous problems can be discovered in advance and thus 

avoided. 

8.2. Design 

The work with developing a design consisted of two separate phases. The first was to 

come up with a selection of different designs and the second was to choose between 

these. Development of designs was supported by the usage of design patterns theory. 

Design patterns really became a part of the solution and it felt natural to apply patterns 

and try to benefit of what they have to offer. The four designs that became the result of 

the design phase were considered to be a suitable selection to choose from and to outline 

in this report. 

 

The choice fell on the fourth, and probably the most advanced design and the decision 

was based on both objective measuring and a more subjective discussion with involved 

persons at Aerosystems. The method for making the selection felt like a good way of 

doing it. It would be a bit strange to just make the choice based on just a discussion or 

just on measurements. Combining the two hopefully leads to getting a design that have 

decent measurement values and also feels right to implement. 

8.3. Validation and Implementation 

The technique for trying to validate the selected design was to partly implement it. 

This was a procedure that worked well. The design was validated by implementing the 

design for the IFF DTU file producer, and the result indicates that this design should be 
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applicable for the rest of the file producers. The implementation started with the 

framework, i.e. all interfaces and classes that are common to the different producers and 

writers. With the framework in place, the IFF producer was modified and the new DTU 

writer for IFF data was implemented. By doing it in this order gives an indication that the 

framework is flexible enough to be usable for all data producers and writers, and this is 

exactly what is desired. 

 

The design together with the validation of the design meets the purpose of this thesis. 

8.4. Risks 

A number of risks were outlined in chapter 1.6, page 3. The evaluation of the impact 

of those is described below. 

 

The first considered risk was the problems that might occur if a chosen design did not 

meet the requirements. This was really not a problem during this thesis since the first 

choice design was shown to be valid. 

 

The risks identified when getting involved with new languages and development 

environments was a little more troublesome. The languages (C++ and XML) were not 

really problematic. The environment, however, was quite difficult to grip a first. The time 

for learning and understanding how to work took a bit more time than first estimated. 

This could be an effect of the change of build system while doing the work and it lead to 

that there were not sufficient documents available describing this in details. The problems 

could probably have been avoided with a thorough introduction or a more exhaustive 

documentation. 

 

The third risk was about the likelihood of having a too optimistic ambition when 

starting the design work. This was not a problem during the thesis and it still feels 

reasonable when looking back at it. 

 

The fourth and final risk concerned the problems that could occur if important 

resources were not available when needed. Since a thesis is a project that is very short in 

time, it can be crucial that feedback or help comes within reasonable time to prevent 

wasting valuable time. This actually became kind of a problem. Reorganization together 

with a heavy workload for the department lead to that some discussions were postponed 

or even cancelled. Some of the problems that came with this could easily been solved or 

not even have to be a problem if the thesis would have been done by two persons. A 

decision or the solving of a problem can benefit of having at least one more person that 

critically reviews it. This person does not necessarily have to be someone with special 

expertise within that particular area. 
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8.5. Future Work 

There is much future work that can be done to what this thesis has started. The most 

important thing is of course that all the remaining data producers should be modified to 

used the new framework and during this process the framework itself might be a subject 

for modification. 

 

When adopting the new way of filtering and writing files one should probably start 

with one of the remaining producers and do a second evaluation to make sure that the 

design and framework meets the requirements of flexibility. 
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Abbreviations 

DTU Data Transfer Unit 

DTU-P Data Transfer Unit Pilot 

FTP File Transfer Protocol 

HTML HyperText Markup Language 

LCOM Lack of Cohesion in Methods 

MPS Mission Planner System 

MSS Mission Support System 

NUCD Number of Used Classes by Dependency relation 

RNUCD Ratio of NUCD to TNUCD 

TNUCD Total NUCD 

XML eXtensible Markup Language 

XSLT eXtensible Stylesheet Language Transformation 

 


