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Abstract

This report addresses the critical need to update and refactor legacy software within
ATM (Air Traffic Management). Legacy systems can be integral to many businesses
and have a risk of suffering from high technical costs and inefficiencies due to out-
dated technologies. This project focuses on a legacy ATM system owned by Com-
bitech. The primary objective is to merge two separate components, developed in
Java and C#, to reduce technical debt and prepare for an anticipated endpoint API
update. By employing the Adapter design pattern, the report also aims to ensure the
system’s adaptability to the future endpoint API update. The results demonstrate a
significant reduction in technical debt, improved code maintainability, and enhanced
overall system reliability. The results also show a way of guiding the developers in
implementing necessary functionality into the adapter when the endpoint API up-
date arrives. This study highlights the importance of proactive system refactoring
to maintain operational efficiency and adaptability in evolving technological land-
scapes.

Keywords: Air Traffic Management, Legacy system, Software refactoring,
Technical debt, Adapter design pattern, System maintainability, Java
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1 Introduction

Legacy systems, developed using outdated technologies, continue to play a major role in
many companies. Upgrading and refactoring these systems to align with modern tech-
niques is essential but challenging [1], [2]. Combitech owns and develops an ATM (Air
Traffic Management) system to facilitate economy and administration. This system han-
dles flight plan messages, which are labelled “movements” internally in the system. These
movements drive invoicing, statistical reports, and timetable displays. The system uses
two separate help programs, one made in Java and the other in C#, that manage AFTN
messages (Aeronautical Fixed Telecommunication Network). Combitech wanted to ex-
plore merging these components to reduce technical debt and enhance system function-
ality. Additionally, plans include adapting to an upcoming API update by implementing
an Adapter design pattern. Despite uncertainties about how the new API will function,
preparation will include an Adapter to handle any data sent by the API.

1.1 Background

Legacy systems are software systems that were introduced and developed many years
ago by using up-to-date techniques that are outdated by today’s standards. These sys-
tems are still prevalent and a big part of many businesses. Because of their importance,
it can be relevant to upgrade and refactor these systems to be up to standard with today’s
techniques. These systems often have high technical costs and could be seen as ineffi-
cient to today’s standards. Therefore it can be of high interest to stakeholders owning
legacy systems to upgrade them to today’s standards of technologies [1]. In this report,
an old ATM system owned by Combitech will be upgraded and refactored to increase the
maintainability of future development of this system.

Combitech originated within the defence and security conglomerate Saab in 1982.
Ever since, they have remained firmly grounded in cutting-edge technology and research.
As a Nordic entity, it serves as a leading partner in technology, solutions, and consultancy,
with a total of 2,300 employees [3].

The system is a web application built in .NET with an angular.js frontend. In the
system’s backend, two separate helper programs take care of retrieving, sending and pro-
cessing so-called AFTN messages. AFTN is a system used worldwide to communicate in
a standardized way. One program is built in Java and the other in C#.

With the advancements in programming languages and structures, Combitech wanted
to explore merging the two components in their ATM system to reduce technical debt.

This is generally a good thing in the programming industry since it makes it easier to
implement new functionality in the system [4]. Therefore, Combitech wanted to merge
these components and assess why reducing the number of components in a system may
or may not be beneficial. The system was written in the early 2010s and needs refactoring
to be up to date with the current standards.

The company hosting the API to retrieve the AFTN messages is scheduled to update
and refactor its services. The API is currently sending their AFTN messages in the format
TAC (Traditional Alphanumeric Code) through an old endpoint format. However, the
company hosting the API has not informed Combitech of what type of API it will change
to. This will make it difficult to prepare for any possible format they will be sending
their messages. Therefore, efforts will be made to apply an Adapter design pattern to the
system and prepare the Adapter for the upcoming API update. This design pattern is a type
of software design pattern applicable to software systems. The Adapter works as a way
of converting data from one program to a format that the other program can understand
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and work with. To be able to apply an Adapter, it is required to know the incoming data
which is not possible at this time. Then, there will be a necessity to prepare the Adapter
and develop a skeleton for it.

1.2 Related work

Seetharama Tantry et al. in [2] talks about companies needing to take care of legacy
applications, but when doing substantial upgrades or restructuring of software systems,
there is a risk that it could impact the systems negatively. Other problems can occur as a
side-effect of the upgrades made to a legacy system, such as a less reliable system, and an
upgraded system might require end users to learn the new system or a problem that may
affect old users who are used to the legacy system.

When the system libraries and dependencies are being upgraded, it increases the risk
of the program not being able to use these libraries for the same function as before. Diet-
rich et al [5], examined how upgrading libraries impacted Java programs and what evolu-
tion problems come from this.

According to Ali et al. old dependencies are just one of many challenges that could
occur during the refactoring process [1]. They also talk about multiple available solutions
for the challenges. Shvets in [6] talks about refactoring as a controllable process. He also
writes that code smells are a key sign that refactoring is necessary.

When preparing the system for a new endpoint API, it is needed to implement an
adapter to the system. Al-Obeidallah et al. explored through empirical investigations
how an adapter could impact software maintainability [7]. According to their study, they
claim that implementing an Adapter as a design pattern increases the maintainability of
the system.

1.3 Problem Formulation

The goal is to create one singular program written in one programming language, that has
the functionality of both programs while reducing the system’s technical debt. Both of
these programs are built with older versions of Java/C#. The program has no unit testing
and little documentation to it. This makes the program very hard to understand and work
with as a new developer to the program.

It is also common practice to build programs using libraries [5]. These libraries used
in the legacy programs might not be usable/available in the current programming lan-
guage version that is going to be used. To solve this, other libraries might be used with
similar functionality or completely re-create that functionality. The API that one of the
components is currently using to retrieve AFTN messages is scheduled to be upgraded
and refactored by the company hosting the service. This upgrade will not be finished dur-
ing the time plan for the project. To prepare for this upgrade, the creation of an Adapter
between the new API and the new combined component will facilitate future transfers.
To accomplish these requirements, the following questions will be answered:

(RQ1) How can the ability to maintain the program for future development be in-
creased?

(RQ2) How can the system be designed for the upcoming Adapter, and prepare the
Adapter for the scheduled API upgrade?
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As stated in the related works to these problems, there are several challenges when
attempting these requirements. When upgrading and refactoring the legacy system, the
functionality needs to be ensured. Since the program doesn’t have any unit tests, several
unit tests will need to be implemented into the original system so that when upgrading
the system, the functionality of the program will remain the same. This will only be done
in the Java program since the C# program will have its functionality ported into the Java
program. The effectiveness and quality of the unit tests will be evaluated by Combitech
which will use real data to make sure that the unit tests produce realistic results. The
legacy system also contains several old dependencies and libraries, these packages will
have to be either upgraded or replaced with newer dependencies or create a solution that
does not require the use of a deprecated package. When preparing for the upgraded end-
point API, an implementation of a skeleton of an Adapter is going to be created. The
system should be able to work with only the information from the adapter so that when
the endpoint API is upgraded and refactored, the developers only need to refactor the
adapter to fit the new format of the incoming information.

1.4 Motivation

There are multiple reasons why this could be seen as necessary work. First, Combitech
and other companies want their systems to be up to date-with the latest language versions
and programming structures. From a software architecture standpoint, it is also necessary
to assess how the system acts with fewer components and a more compact solution. This
can eliminate code smells, and potentially increase system speed.

The goal of this work is to reduce the system’s technical debt since that could over
time simplify the process of adding functionality to a system [4].

1.5 Milestones

This is the time plan for the project. The Milestones referred to as M1-M6, are different
subtasks that should be completed to be able to make a successful refactor and system.
The dates on the right-hand side are deadlines where the subtasks should be completed.

M1 Choose whether the new program should be built in Java or
C#

March 20

M2 Write tests to verify functionality before the update April 7
M3 Update and remove old legacy code April 21
M4 Create one program containing the functionality of both old

programs using a newer Java version
May 5

M5 Create an adapter that prepares for the upcoming update May 12
M6 Finished product where all functionality from both pro-

grams is now found in one program, with an adapter that
makes a seamless transfer after the update

May 16

1.6 Scope/Limitation

To be able to answer RQ1, the following will be done: Make the program more under-
standable and consistent. Use only updated libraries and dependencies that have long-term
support, or come as a built-in package into Java such as java.utils. Implement Unit tests to
verify that the program is working as intended when refactoring the program. Have clear
documentation and comments to help future development.
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No other legacy systems will be looked at and will only focus on the ATM system.
The system will only be written in Java with a PostgreSQL database since that was a re-
quirement by Combitech for this project. There could be other problems or possibilities
related to other languages. Porting the Java program into the C# program will not be
explored, even though that could be a possibility.

The Java code is going to be analysed using Sonarcube and Jacoco, which are ways
of analyzing the system [8], [9].

The first analysis is performed before any unit tests are created or any refactoring is
done. The second analysis is done after unit tests are created. Then lastly a scan of the
system is performed when it contains both unit tests and fully refactored code, alongside
the code skeleton for the adapter. The original code from the C# program will not be
analyzed with any tools.

To be able to answer RQ2, the following will be done: Guide the data through the
adapter, so that the system acquires the data only from the adapter. Make the adapter
easy to edit and change so that when the new endpoint API is finished, it will be easy
for the developers to implement it into the adapter. The Adapter will written in Java as
the whole program should be written in one and the same language, and will not use any
other languages.

The design pattern that will be used is an Adapter, since that is a good way to translate
the data into a preferred form, according to Al-Obeidallah et al.[7].

The adapter will not be fully completed because the new API will not be available
until after this project. Other design patterns such as a Bridge will not be explored and
will mostly focus on an Adapter Design Pattern.

Any code snippets from the system will not be presented, since that is considered sen-
sitive information from Combitech. Instead, there will be an attempt to describe how the
system works and use class diagrams in cases where it is possible to use them.

1.7 Target group

There are legacy software that perform important tasks that still play an important factor in
our daily lives [2]. Therefore many actors may be interested in upgrading and refactoring
their legacy systems to be up to date with the current standards. There might also be
actors who are considering merging two components with different languages to reduce
the technical debt of their system. Actors who may want to prepare for an upcoming
third-party update where their program is actively using a third-party service.

1.8 Outline

Section 2 will cover the theory behind different techniques and theories that will be used.
It will describe them and give a full explanation of the various theories. Section 3 will
cover the scientific methods applied to this project and describe the various approaches
to the methods. Section 4 will cover the implementation of the stand-alone component
and the way the system is implemented. Section 5 will describe the setup of the system
analysis before and after the refactoring and show the results of these analyses. Section
6 will analyse the results shown in Section 5. Section 7 will discuss the analysis from
Section 6 and cover whether or not the research questions have been answered. Finally,
Section 8 will discuss the conclusion from the findings, as well as discuss any potential
future work.

4



2 Theory

This chapter will go into the different theories and concepts that will be used and that
are central to this report. Section 2.1 will explain what Air Traffic Management is (often
shortened to ATM) and briefly explain how Combitech’s system works. Section 2.2 will
go into the design pattern Adapter and when it is helpful to implement this pattern. Section
2.3 will go into what classes a Legacy system, and how they are implemented. Finally,
Section 2.4 will go into what refactoring means, how it is implemented, and when it needs
to be implemented.

2.1 ATM

ATM stands for Air Traffic Management and is a way of managing Air traffic, often
used at airports [10]. Its responsibilities include communication, navigation, airspace
management, and flight operations. The system retrieves their information from a third-
party flight data provider. The information which is retrieved from the third party is
called AFTN-messages and is a format of information that the system then breaks out into
different parts, such as Departure Time, Aircraft ID, etc. The third-party provider hosts an
endpoint in the network AFTN (Aeronautical Fixed Telecommunication Network) which
is a low-speed network providing the majority of ground-to-ground data communication
[11].

The backend of the ATM system is displayed in figure 2.1. It contains a component
AFTN Communicator that works as the communicator to the third-party provider. The
ATAC component checks for incoming messages and re-formats the message into parts
depending on the information type. These two components AFTN Communicator and
ATAC are the components that this project will merge together and refactor

Figure 2.1: Component diagram of the backend
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2.2 Adapter

When two components use different languages, structures, etc. it can be hard to make
software communication between these components. It is then common to use some sort
of Design Pattern to solve this issue. A Design Pattern is a typical solution to commonly
occurring problems [12]. They can resemble pre-made blueprints that you can customize
to solve design problems in the code. Many different design patterns could be applicable
in this scenario where you have different formats of data, for example, Bridge, Decorator,
and many more. However, a Bridge requires developing from both ends and enabling to
do it independently which is not possible in this case, since the third party is developing
their endpoint. In a Decorator, the format either stays the same or gets extended and
supports recursive composition. In this case, the format should only stay the same and
there is no need for recursive composition. The Adapter suits the problem best since
the format should change from one format to another. With the use of an Adapter, it
is possible to bind these two components by knowing the format that these components
use. An Adapter wraps one of the objects to hide the complexity of conversion happening
behind the scenes. The object being wrapped does not know of the Adapter. This is
simplified in the figure 2.2.

According to Ali et al. [7], the implementation of an Adapter is shown empirically to
be better than without the design pattern. Adapters can not only convert data into various
formats but can also help objects with different interfaces collaborate.

Figure 2.2: Class Diagram of an Adapter
Source: Adapted from [12]

2.3 Legacy Systems

A Legacy system is an old software system that was made years ago [1]. These legacy
software are often written using techniques that were up to date then but outdated accord-
ing to today’s standards, and many of these legacy systems are still performing crucial
tasks for companies [2]. However, when changing these legacy systems, problems can
occur. Seetharama Tantry et al. in [2] talks about three specific problems, they say the
following "Changing the legacy system may (i) hamper the work of the organization and
other stakeholders (ii) affect in losing years of accumulated experience and knowledge
(iii) affect in losing of business rules if it is only on the legacy software system which is
running successfully till date." They also state that problems are made worse with man-
agement problems and that engineers are not knowledgeable in outdated programming
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languages.
Since Legacy systems are often doing crucial tasks, in this case, an ATM system, it is

important to ensure that the functionality works even when refactoring it. This could be
hard to do and it is why many companies do not bother refactoring the system, since it
already works. The cost of refactoring the system into a more up-to-date technique may
not be as lucrative and profitable as just keeping the system as it is. Companies may also
not have the time to refactor the system, but it needs to be done at some point.

2.4 Refactoring

Refactoring is a process where code is improved without changing the core functionality
of the code [13]. However, it’s hard to guarantee that no core functionality is changed
[14]. According to Burchard in [14] the first step is to ensure there exists tests for the
section of code that’s going to be refactored. The tests are essential to ensure the code has
the same functionality after the refactorization as before [13],[14]. Another method used
to ensure functionality is to use version control, if a problem occurs it can easily revert
to a previous version that has the functionality [14]. Larger programs have a higher risk
of breaking after a refactoring. Creating tests can take a long time but tests can save time
when changes are made to code since there will be clear indicators that some functionality
of the code has changed [13]. When doing the refactoring of the code multiple different
techniques can be utilized depending on your needs [6],[13],[14].

2.4.1 Refactoring Techniques

There are several techniques available when refactoring but the most prevalent in our
project are the following techniques.

Removing dead code: Dead code is a function or code snippet that is not called any-
where [14]. So when this technique is applied unused code is removed. This included
both unused functions and whole files with code that was not used in the project.

Renaming variables and functions: Variables are important in code, so when refac-
toring it’s important to make sure every variable is self-explanatory [6]. In this project,
camelCase is going to be used when renaming variables and functions. Figure 2.3 displays
an example of how to rename a variable using camelCase [14].

Figure 2.3: Exampel of how to rename a variable using camelCase
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Extract method: This last technique used in this project is used to make a function
easier to read by taking out lines of code and inserting them inside of a function [6].
Figure 2.4 shows an example of a function that can be refactored using this method.

Figure 2.4: Exampel of how to rewrite a function using the extract method

These methods are some examples that can be utilized when refactoring a project.
Alongside these methods of refactoring, multiple tools and programs will be used to aid
the analysis process of the system. Sonarqube is a tool that can find code smells, bugs,
duplicated lines of code and security vulnerabilities in code. It also generates a Reliability,
Security and Maintainability rating based on the previously mentioned problems that can
be found inside a project. IntelliJ is an IDE that has some built-in functionality that’s able
to find unused functions inside of a project Removing unused functions or even whole
unused files can greatly decrease the number of lines of code that need to be tested inside
of a project. By removing unused code, the code coverage of unit tests can be increased
alongside the overall maintainability of the system.
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3 Method

This Section will go over the different research methods that will be used and other infor-
mation about our research. Section 3.1 will cover what type of Research that will be done
on the project. Section 3.2 will cover the research method that will be conducted for this
project. Section 3.3 will cover the different Reliability and Validity issues of this project.
Section 3.4 will go over some ethical considerations for this project and the privacy to-
wards this company. Finally Section 3.5 will cover how we will work as a team on this
project and how we will be responsible for different parts of the project.

3.1 Research Project

In this project, there will be created an artefact that will replace the current components of
ATAC and AFTN Communicator. Creating an artefact that replaces multiple components
is a form of the scientific method of Design Science, Which will be used throughout this
project.

Design Science aims to provide a structured approach to creating and evaluating IT
artefacts to solve organizational problems [15].

To be able to verify that our artefact solves the problems, unit tests are going to be
done that test the functionality of our artefact. One way of checking how good the unit
tests are is by using a tool to get a percentage of code coverage. To be able to detect
deficient code and other important data from the system, a program called SonarQube
will be used to help detect these data and to get a comparison from before and after the
refactor. This will show if the changes to the system were helpful. A literature overview
will also be conducted to determine what is seen as "bad" code and what parts of the
system should be refactored.

3.2 Design Research Methodology

Design research methodology, often shortened to DRM, is a framework covering the en-
tire research process [16]. DRM aims to create an understanding of improving the design
research which then seeks to understand, support and develop product and process devel-
opment. It consists of four different steps: Research Clarification, Descriptive Study 1,
Prescriptive Study and Descriptive Study 2.

In step 1, research clarification, we try to formulate the purpose and objective of this
study, complemented with relevant literature [16]. This step is already done in the previ-
ous Sections 1 and 2.

Step 2, Descriptive Study 1, includes an in-depth literature review in the area related
to the purpose and objective [16]. To be able to obtain a good picture regarding the present
needs, it is frequently complemented with one or more empirical studies. The result of
step 2 will contain an in-depth understanding of the problem which will be sufficient to
initiate the prescriptive study. This is done mostly in the related works. It also contains
the theory section to understand the different techniques and decisions that are made be-
fore attempting the problem.

Step 3, Prescriptive Study, uses the in-depth understanding from Step 2 to be able to
correct and develop the initial desired future state created in Step 1 [16]. This description
should include one or more ideas concerning how to change the present state in ways to
contribute to the desired result. This kind of support could be based on empirical data and
an understanding of the process, but a more common approach is to make assumptions
regarding what should work. We will not be basing our approach based on empirical data,
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but rather focus on the literature of former studies. This will involve studying the system
to get an understanding of what needs to be refactored or not. When studying the system
there have been different methods to be able to increase our understanding of the project.
Analyzing the system includes looking for deficient code, Security problems and dupli-
cated lines of code. Refactoring deficient code and removing security problems helps
make the reliability and maintainability of the system increase. Removing duplicated
lines of code helps reduce the complexity of the system and can also lead to increased
maintainability. Another important part to look for is unused functions in the project. If
a function is not used anywhere this could indicate that the function can possibly be re-
moved. To help get a deeper understanding of the code itself unit tests can be used. Every
line of a function needs to be understood to be able to make a test testing functionality of
the function. When doing tests, the overall knowledge about the system’s functionality is
increased.

The last step, Descriptive Study 2, could involve empirical studies to control the de-
gree to which the developed support contributes to the objectives [16]. There will be some
empirical studies on this step, but it will be a combination of non-empirical and empirical
studies. Here, tools will be used to find key values of the code quality to discover what
differences our code has made to the code quality.

3.3 Reliability and Validity

There could be some reliability issues when trying to conduct this project again. First of
all, it may be hard to find a similar legacy system with a focus on ATM systems. The fact
that this is conducted on an ATM system and that this is a special circumstance where the
other third-party service used inside the system is updating its framework may be hard to
replicate. This could also lead to different results depending on what language is being
refactored and what refactor rules are being followed. Certain refactoring methods are
not compatible with different languages and systems.

It is also possible to get different results if the design pattern used to solve the con-
nection to the third party is using another pattern than an Adapter [12].

The code for the legacy system will not be publicly available so it may be hard to
replicate this work exactly. However similar results could be achieved if one finds a
legacy system from approximately the same year as our ATM system was developed,
where it is written in Java and you follow the same refactor rules as used in this project.
There might also be biased differences between what we deem to be code that needs to
be refactored contra code we do not deem the need to be refactored. The validity of our
refactoring tools and system analysis may also differ in biases of what is considered to be
"good" code contra "bad" code. The company owning the system may also have different
biases as to what they want to refactor and what they deem to be "good" code [17].

Unit tests are a big part of ensuring the code works as it should. To be able to ensure
the functionality stays the same after the refactoring, it is crucial to implement unit tests.
This system did not have any unit tests, and to track the impact of the unit tests it is usually
checked by using a program that checks the code coverage. This will give a percentage
of how much the tests are covering the code. It is worth noting that writing "good" Unit
tests is always hard and could be biased to what is deemed as a good unit test [18].
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3.4 Ethical considerations

The source code of the project is owned and maintained by Combitech. Because of this,
they have requested that code and information that could compromise or reveal critical
information about the ATM system, will not be written or included in the report. In addi-
tion to this Combitech has also reviewed this report and its included information/material
before publication.

3.5 Team Work

We will make use of development tools such as Bitbucket (Git-based source repository
just like GitHub), and Jira (Agile project management just like Trello) to divide the project
into certain tasks that we each are responsible for. We will also divide the research ques-
tions between us so that we are equally responsible for the report. This will ensure that we
both contribute to the report. Martin will mainly be responsible for the question: How can
the ability to maintain the program for future development be increased? and Erik will
mainly be responsible for: How can the system be designed for the upcoming Adapter,
and prepare the Adapter for the scheduled API upgrade?
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4 Implementation

To be able to implement the ATAC and the AFTN Communicator into a new component,
a Maven project was created.

Maven is a tool that helps to set up Java projects in a standardized way of keeping
your files [19]. This separates the unit tests into different folders and enables the func-
tionality to download dependencies and libraries directly from Maven Central. Several
different tools like Maven can be used, such as Gradle, but for this project, Maven was
a requirement by Combitech. Then, adding Jacoco, PostgreSQL, JUnit Jupiter 5, and
H2 Database to our dependencies is much easier and skips the step of downloading the
different dependencies manually.

PostgreSQL is an open-source object-relational database system that uses an extended
SQL language [20]. With a Maven project created, the ATAC files were imported into the
Maven project. The ATAC program did however not run by default after importing it into
the Maven project. Small changes had to be made to the original code to be able to run it.
The next step was to create Unit tests.

Unit tests are created to verify a function’s functionality. Once tests are in place
changes can be made to the original functions, and tests will then notify of potential
errors or other non-expected behaviours [21].

JUnit Jupiter is a way of writing tests in JUnit 5 and provides a TestEngine to run
Jupiter on [22].

Jacoco is a code coverage library that enables it to get a percentage of how much the
Unit tests cover the code. It is also possible to get a number of the lines of code, which
can be useful when comparing the refactored and previous systems [8].

Jacoco and other code coverage tools can also be used to find lines of code that are
not running during a test [21].

Some of our unit tests required SQL queries to work, and to achieve this an H2 in-
memory database was used. A Postgres database was not used as in the main program
because a database that required no installation or major setup was preferred for running
the tests, to not interfere with the real database.

H2 Database is a Java SQL Database engine that can be used when testing database
queries [23].

The Java version was also updated from Java 8, which was released in 2014, to Java
21, which was released in 2023 [24], to keep the programming language updated to the
current Java standards.

When refactoring the source code, unused functions alongside entire files which were
not called anywhere in the code were removed. Long String text was replaced with text
blocks and certain data classes were replaced with Java’s Record to reduce the technical
debt. As mentioned before the tool used to detect unused functions was built into the IDE
Intellij. Another tool used to determine what to refactor was Sonarqube.

Sonarqube is an automatic code review tool that helps deliver clean code. It can detect
issues in code and helps perform continuous code inspections [9].
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Functions that were the same and appeared in more than one place were migrated to
a utility class. This was done to remove duplicated lines of code but also to make sure
that only one instance of a function exists in the code. This then made the function easier
to test and any changes needed to be done to that function would only need to be done
once in the utility classes and not in multiple different files. Functionality from the AFTN
Communicator program was migrated to Java. And certain functions such as fetching
incoming messages and sending outgoing messages were only created as skeleton func-
tions. Since the fetching process alongside the sending process works using the new API
is currently unknown.
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5 Experimental Setup and Results

The results will cover the differences in key values from before the refactoring and after
the refactoring. Section 5.1 covers the results from SonarQube and Jacoco before the
refactoring from the ATAC component. Section 5.2 covers the results from SonarQube
and Jacoco after the refactoring and the implementation of some of the AFTN Communi-
cator components.

Since it is planned to port over the most important functionality to the ATAC compo-
nent, it is not necessary to conduct a system analysis on the AFTN Communicator com-
ponent. Some functionality will not be used in the merge, such as retrieving the AFTN
messages. The system contained a reference file generated from the third-party endpoint
which will not be ported over to the ATAC system.

5.1 Before refactoring

This section will cover the results and experimental setups before the refactoring of the
ATAC system. Section 5.1.1 will show the results of the system analysis with key values
acquired from Sonarqube. Section 5.1.2 will cover the results of implementing the initial
unit tests to the ATAC system and how well they cover the code.

5.1.1 System Analysis - ATAC

Before conducting any refactoring or unit tests, it is helpful to analyze the system to
find any flaws that the system may have. As stated in Section 4, the system didn’t have
any Unit tests and it is preferred to have tests that verify the system functionality. With
the use of Sonarqube, it is possible to check the current state of the system. In figure
5.1, Sonarqube summarizes some key values and problems within the system. It states
that the system has 23.3% duplicated lines, 7 Security hotspots, 0% code coverage, 969
Maintainability issues and 47 reliability issues.

Security hotspots highlight a security-sensitive piece of code and could be demanded
by the developer to review if it is needed to apply a fix or not. Security Hotspots are not
as crucial as Security issues but could increase the overall code quality [25].

Figure 5.1: Sonarqube Dashboard of ATAC
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Figure 5.2 shows the different files and code ratings of the different files within ATAC.
The number of lines of code determines the size of the blob in each file, where the bigger
blob has more lines of code, and the smaller blob has fewer lines of code. The colour of
the files is determined by the Reliability Rating combined with the Security Rating, where
the greener the file is the better the rating it gets. Red means an E rating and dark green
means an A rating, which is displayed in the top right-hand corner of the figure.

The technical debt axis shows how significant the issues are to each file, where it
measures an estimate of how long it will take to fix the issue. As can be seen in the chart,
two of the files take approximately one day each to fix, but the majority of files take less
than five hours each to fix.

The Coverage axis shows the code coverage percentage of each file. Since the ATAC
system doesn’t contain any Unit Test, the coverage of each file will be 0%.

Figure 5.2: Sonarqube blob chart of ATAC

5.1.2 Results of Unit tests to ATAC

After the system analysis, it is clear that implementing unit tests is crucial to ensure that
the functionality stays the same after the refactoring. To check the effects that the Unit
test had on the system, it was decided to use JUnit and Jacoco to check the coverage
percentage, instead of the SonarQube coverage. Figure 5.3 shows the code coverage on
the system before refactoring anything in the ATAC system. The Unit tests covered 52%
of the code and the ATAC component was written with 4108 lines of code to be tested.
The number of lines refers to testable lines of code and excludes lines such as imports,
empty lines etc. This value differs from Sonarqube, from figure 5.1, which stated that
the system had around 4600 lines of code. This difference is there since Sonarqube and
Jacoco have different interpretations of what is deemed as testable code. These key values
are important when comparing the system after the refactoring to see if these values have
changed. It is important to compare both the Sonarqube and the Jacoco to see any notable
changes. It is worth noting that some functions were not testable and that is why some
sections contain a 0% coverage and could change after the refactoring since it is possible
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to increase the testability of these files. When analyzing the system and implementing
the unit tests, it became clear that some files and functions were unused or unnecessary.
Therefore these files do not contain any unit tests since they would be taken away after
the refactoring.

Figure 5.3: Code Coverage on the ATAC component from Jacoco

5.2 After refactoring

This section will describe how the system looks after the refactoring. Section 5.2.1 will
display the analysis after the refactoring from all the data retrieved from SonarQube and
Jacoco. Section 5.2.2 will describe how the adapter was implemented and how it has
prepared the developers to finish it when the endpoint update is finished.

5.2.1 System analysis

The system after refactoring contains both refactoring of files and porting necessary func-
tionality from AFTN Communicator. As seen on the SonarQube dashboard in figure 5.4,
the reliability issues have decreased from 47 open issues to 8, and the maintainability
issues have decreased from 969 to 301. The percentage of duplicated lines of code has
gone down from 23.3% to 19.7% and the Security hotspots have gone down from 7 to 0.

The blob chart in figure 5.5 has changed from figure 5.2. The biggest file in terms of
technical debt has decreased from over one workday to between 2 hours 30 minutes and
3 hours 20 minutes. There is generally a trend of decreased technical debt among all files
and a few more green files than before.

Looking at the Code coverage in figure 5.6, there is an increase from 52% coverage
after implementing the unit tests to 77% coverage after the refactoring. It is worth noting
that this number from Jacoco is different from the coverage in SonarQube. This difference
could again be due to different ways of determining if a line is covered or not. The number
of lines of code has decreased from 4108 testable lines to 2987 testable lines. This also
includes the ported functionality from AFTN Communicator. In total, there were 74 tests
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implemented as seen in figure 5.1 which is taken from the terminal when building the
project.

The ported functionality from AFTN Communicator which retrieves the messages
stands for roughly 230 tested lines. The functionality of the AFTN Communicator has
also implemented unit tests. The coverage on the adapter is 0% which is because it doesn’t
contain any functionality at this moment. The adapter only contains skeleton methods for
retrieving the AFTN Messages.

Figure 5.4: SonarQube Dashboard after refactoring and porting

Figure 5.5: Blob chart after refactoring and porting

Tests run Failures Errors Skipped
74 0 0 0

Table 5.1: Test Results Summary
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Figure 5.6: Code Coverage after the refactoring and porting

5.2.2 Adapter

The majority of the functionality from the AFTN Communicator that was ported is in-
cluded in the Adapter pattern. Figure 5.7 demonstrates in a class diagram how the adapter
was implemented into the system. The interface IncomingMessageHandler describes that
the data received should be in a string format that then is transformed into an SQL query in
the SaveMessageHandler component. The component IncomingMessageHandler, which
acts as the adapter, has a skeleton method FetchAndSaveNewMessages that will be fin-
ished by Combitech when the third party updates their endpoint. The method has been
prepared in a way where it describes via a placeholder class called BaseMessage what in-
formation the method needs to retrieve from the AFTN Service. The class BaseMessage
is not displayed in the figure and will be removed when the update is finished, and it only
acts as a way of guiding the developer to get an idea of what needs to be retrieved.

Figure 5.7: Class diagram of the Adapter
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6 Analysis

The results from Section 5 show a general decrease in technical debt and open issues,
as well as increased code coverage. An analysis will be made on the data separately
where Section 6.1 will analyze the differences at the SonarQube dashboard. Section 6.2
will analyze the results from the blob chart. Section 6.3 will analyze the Jacoco Code
coverage results. Finally, Section 6.4 will summarize the analysis.

6.1 SonarQube Overview

The system analysis in figure 5.1, conducted before the refactoring, indicated that the
system required some improvements. It lacked unit tests, had a lot of duplicates and
contained a few open issues. The refactoring managed to reduce 39 reliability issues. It
also removed all the security hotspots, which mostly contained debug features such as
printing a stack trace with an error when a certain method failed. These stack traces could
include sensitive information which unauthorized people could potentially exploit.

However, it only reduced the number of duplicated lines slightly, from 23.3% to
19.7%. This is in part due to all the files that reformat the AFTN messages into the
database, standing for roughly 62.5% of all testable code, looking a lot similar to each
other. Every different kind of AFTN message analyzes the string text in a separate file, an
Arrival is analyzed in one file, a Delay is analyzed in another file etc. This makes the code
very repetitive at these places. However, since every type of message has different rules
where every data is placed in the text it makes it hard to make a function that satisfies
every AFTN message. Therefore the files were not merged and the approach was instead
to make the files more efficient.

There are also a few open issues left in both reliability and maintainability, The main-
tainability rating is still at an A which is still a good rating. Reliability has a B rating but
these 8 problems are all related to functions called where their return values are not used.
There was a decision made by Combitech to ignore these problems. If these problems had
been fixed reliability would have gotten an A rating.

6.2 SonarQube Technical Debt

The blob chart has also received a substantial change after the refactoring. First of all, the
technical debt has been reduced significantly compared to before the refactoring. The two
largest files were calculated a little over one workday for a developer to fix their technical
debt, whereas now the two largest files take between 2 hours 30 minutes and 3 hours 20
minutes for a developer to fix. The majority of the files have a technical debt of less than
1 hour 40 minutes to fix according to the chart, and before the refactoring, the majority of
the files have a technical debt of less than about 4 to 5 hours to fix.

6.3 Code Coverage

As seen in figure 5.1, the number of unit tests implemented in the system after the refac-
toring came to a total number of 74. When comparing the code coverage, it made more
sense to compare the code coverage from the first implementation of the unit tests to after
the refactoring. This is due to giving more insight into how the refactoring has improved
the code coverage, rather than just comparing zero unit tests to 74.

Before the refactoring, the tests covered roughly 52% of the code in about 4100 lines
of code. After the refactoring and adding unit tests to the AFTN Communicator func-
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tionality, the coverage came up to 77%. This is a significant difference from the 52%
coverage that the system had after implementing the initial Unit tests. This means that the
files have generally increased their testability and unnecessary parts have been removed.

The number of testable lines, namely lines that can be tested, has also been reduced
in the Jacoco report from 4108 to 2987. The number of testable lines has been reduced
in parity to the total number of lines. The number of lines has also increased since some
functionality where imported from AFTN Communicator, but even then the total number
of testable lines has been reduced. This could be because some functionality in the AFTN
Communicator already had a corresponding version in the ATAC component. It is also,
as stated before, due to removing unused functions and methods in the project.

6.4 Summary

Overall the refactoring seems to have made a huge difference. The number of issues has
reduced significantly and the number of lines has been reduced a lot. Initially, the ATAC
system showed to have significant issues, including 23.3 % duplicated lines, no unit tests
and numerous security hotspots. Implementing the unit tests improved the code coverage
to 52%. After the refactoring was done, there was a notable reduction in problems, where
the reliability issues dropped from 47 to 8, the maintainability issues dropped from 969
to 301 and the duplicated lines were reduced from 23.3% to 19.7%.

It is worth noting that when the API upgrade is finished, this will increase the number
of lines and more unit tests that need to be implemented, which could change this data.

As discussed before it seems that Jacoco and SonarQube have different rules for what
is deemed to be a testable line and to how a test covers the code. This is apparent in the
SonarQube dashboard compared to the Jacoco report where SonarQube deems there to
be a coverage of 72%, whereas Jacoco deems there to be a coverage of 77%. However,
the difference is not that significant it invalidates our refactoring work since 72% code
coverage is still decent in relation to before the refactoring.
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7 Discussion

When refactoring these kinds of systems, it could be hard to get an understanding if these
changes have made a difference. Using tools, such as SonarQube and Jacoco, give a lot
more context to how the refactoring has made a difference. These tools give important
data on the quality of your code, and it is easy to compare the data to see if there has been
an improvement. Otherwise, such work could often be up to our and others’ opinions if
the refactoring has been good or not.

In RQ1 of the Problem formulation, the question was asked to increase the maintain-
ability of the project for future development. To be able to answer this question multiple
unit tests have been implemented, achieving a code coverage of 72% with 74 unit tests.
This is a substantial increase from the original system with no tests. By merging the
two components into a single program, removing outdated code and refactoring the code
used inside the program, the technical debt has been reduced and the system has been
simplified, which is making it more accessible for future developers. Introducing unit
tests provided a framework for continuous testing and validation, which is also crucial for
maintaining the system’s integrity during future development.

When attempting to increase the maintainability of the system multiple techniques
were used, these techniques were mentioned in Section 1.2 Ali et al, which mentioned
that old dependencies could be a challenge during the refactoring process [1].

In this case, old dependency could replaced in the program with a few built-in func-
tions to get the same functionality. Additionally, the system contained a lot of code smells
and as written by Shvets in [6] that is an indication that refactoring was necessary. None
of the problems mentioned by Seetharama Tantry et al. in [2] which were problems occur-
ring as a side-effect of the upgrades made to the legacy system have been found after our
refactoring, Still it is possible these problems are prevalent in the system as a side-effect
of the upgrade but have not yet been found since the system have not been tested using
the new third party API endpoint or in a production environment.

The second research question, RQ2, was asked to understand how the system could
be prepared for the future endpoint update with the help of an Adapter. The adapter
was implemented in a way where an interface was created to set a standard of what data
should be retrieved from the endpoint. Then, whether the endpoint upgrade is in the form
of a REST API, message queue, or similar endpoint techniques, the interface can stay the
same and it’s only the retrieving techniques that need to be implemented. That was the
thought process when implementing the adapter, but how well the adapter was prepared
remains to be seen since it is a hard way to determine whether the adapter preparation
has been suitable. The BaseMessage class is created based on the code from the AFTN
communicator and aims to guide the developer to understand what information needs to
be retrieved.

As discussed by Al-Obeidallah et al. it was shown to be empirically better to use
an Adapter design pattern approach when approaching these design pattern problems [7].
By implementing the design pattern it gives a standard for how the design of the system
works and could make understanding the code much easier for future development.

The implementation of the adapter seeks to guide future developers in understanding
how to implement the AFTN message retrieval methods when working with this standard.
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8 Conclusion

The results displayed previously, show that it’s clear that the system maintainability has
increased and that the project has been prepared for the upcoming third-party API up-
grade. Because of this, the system should be easier to upgrade after the third party has
implemented their new API endpoint. This report shows that it could be beneficial to
refactor old legacy systems, and this might increase the system’s maintainability. How-
ever, as mentioned before it could be hard for others to replicate the exact upgrade and
refactoring of this project and apply it to other projects. These techniques, used both for
refactoring the system and to implement an adapter to prepare the system for the upcom-
ing changes, can all be used for similar projects that have similarities to this project such
as a system that requires major refactoring or just a system that needs to be prepared for an
upcoming change. As mentioned in our report multiple methods where used to determine
what code needed to be refactored. An alternative to this could have been to focus on one
tool. An example of this could be to only focus on using Sonarcube as the primary method
of determining what code to refactor. Using this method could generate a Sonarqube re-
port with 0 reliability and maintainability issues alongside 0 security hotspots. However,
relying on only one tool could also blindside the developers making them think there are
no problems with their code. It is also possible to use several tools to get an assessment
of what parts need to be refactored.

8.1 Future work

As mentioned before this upgrade to the system had to be performed based on that the
third-party endpoint used to receive and send AFTN messages is going to be completed
in the future after this project is supposed to be done. Future work could include the imple-
mentation of the full functionality for sending and receiving AFTN messages, alongside
a fully working adapter using the third-party API endpoint. It could also be beneficial to
do a full test of the program inside a test environment to find potential problems with the
code and other problems that might have occurred during the system upgrade. Further-
more, it might also be beneficial to look at implementing new features and look at other
places where the system as a whole might be improved. The remaining maintainability
issues highlighted in the Sonarqube report should also be fixed or at least checked to see
if they need to be fixed. Alongside this, some of the files are still very hard to test and
have tests that do not cover the entirety of the file. These could be updated or refactored
to be able to be easier tested.

There might also be other legacy systems that face the same issues as being outdated
and old. There comes a point where companies have to refactor these systems to be up
to date with the current standards of software techniques. This could be crucial since
these systems often play a crucial part in daily functions and business needs. It is then
important to make sure that the systems do not have any exploits or bugs that hinder the
system. When refactoring these systems it is possible to make sure that these flaws are
reduced, and with the help of system analysis tools such as SonarQube, it is possible to
get a good assessment of the system’s condition.

It is also possible to port the Java functionality into the AFTN Communicator compo-
nent if that seems more beneficial. In our case, the condition was to port the functionality
into Java but it is possible to do the opposite. In other Legacy systems, it might even be
more beneficial to port the functionality into a C# program instead.
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