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Abstract

Enterprise architecture debt (EA debt) is a metric that depicts the deviation of the
current present state of the enterprise from a hypothetical ideal state. EA debt
expands the concept of Technical Debt (TD) which focuses on only the technical
aspects, by covering all the layers of an Enterprise Architecture (EA). As the EA
debt concept is relatively young and the Enterprise Architecture Debt Management
Framework (EADM) is also undergoing research, therefore the goal of this thesis
is to work on the monitoring, documentation & communication activities of the
EADM, to have a clear mechanism for reporting of EA debts. An EA debt report-
ing framework is implemented to create a reporting mechanism specifically for EA
debts. Each component in the EA debt reporting framework is described and the
requirement it fulfills in order to explain the purpose of each component. Finally, a
front-end application is also implemented to interact with and showcase the EA debt
reporting framework. This thesis serves as a basis for having a continuous reporting
mechanism for the EA debts, and further research that has to be done in this area.
In the future, this can be connected with the other activities of the EADM.
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In the introduction, we will start by presenting the motivation and the problem
statement of this thesis. This section will provide a brief introduction to EA and EA
debt and then discuss the problems that we are going to address in this thesis. Fur-
thermore, this chapter will also discuss the research questions and the contribution
of this thesis, so that the scope of the thesis is well-defined.

1.1. Motivation

Enterprises today are large socio-economic systems, with complex business pro-
cesses and application landscapes, thereby making business-IT alignment a chal-
lenging task [Jun+21]. The EA discipline was introduced to support business-IT
alignment by enabling transparency [Lan+05]. Since EA typically covers multiple
organizational units and involves a plethora of applications and projects running in
parallel, making the coordination, communication, and documentation complex and
are therefore amongst the identified EA issues as stated in [LKL10; Rot+13]. The
consequences that may arise due to the above-mentioned EA issues may result in
compromises made in EA projects, thus not fulfilling the organization’s expectations
[BH19].

EA Debt term was introduced to track these compromises and to provide a com-
mon language for business and IT representatives. EA debt is defined as ‘a metric
that depicts the deviation of the currently present state of an enterprise from a
hypothetical ideal state.’ [Hac+19]. As EA debt is a relatively young field, a frame-
work for communicating and reporting these EA debts has not yet been proposed.
Therefore, in this thesis, we are going to research into developing a framework for
communicating and reporting EA debts; this framework will help in raising aware-
ness of the organization’s EA debts by enabling the creation of EA debt reports and
the continuous check of their validity.
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1. Introduction

The framework we will be researching, the EA debt reporting framework will
cover three of the activities from the EADM framework [Ale+20], namely: monitor-
ing, documentation, and communication.

1.2. Problem Statement

Managing EA debt requires a common understanding among the business & IT
stakeholders, and this could be achieved in the form of continuous reporting, which
will be sent whenever there are changes in EA debts in the organization. Such a
reporting mechanism for EA debt has not been proposed yet; therefore, we need
to research and create a process or a mechanism for reporting EA debts to the rel-
evant stakeholders. Furthermore, to effectively report on the EA debts within the
organization, the process or mechanism will need access to EA debt registries in
the organization; hence we need to research how to keep track of these EA debt
registries.

1.3. Research Questions

The problem statement stated the need to have a clear process and mechanism
for reporting EA debts. To develop such a process, we need to consider certain
steps. The research questions will help in understanding what is required and the
problems we need to answer to guide our actions towards attaining the goal.

RQ1: What concerns should the EA debt reporting framework support?
This research question will help us to identify and verify the stakeholder re-
quirements that must be supported in the EA debt reporting framework. We
need this to know the obstacles faced by the stakeholders and their wants that
will help reduce these obstacles. This will enable us to make the blueprint for
the framework and analyze the concerns that need to be answered from an
implementation perspective.

RQ2: How to implement a continuous reporting of EA debts?
Since EA debt should be among the topics which must be communicated con-
tinuously to stay updated about the organizations current state. Hence, this
research question will help develop a strategy to keep the EA debt reporting
continuous so that there is a clear process for reporting EA debts, and the
process accommodates the changes that happen frequently.
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1.4. Contribution

RQ2.1: What will be the lifecycle of EA debts?
As the EA debts might undergo changes and may become critical or miti-
gated with time. We need to have a mechanism to see the changes in the
EA debts and the stages that the EA debt goes through to get mitigated
or discarded. We need to know this so that the details regarding the EA
debt can be reported to the concerned stakeholders at the right time.

RQ2.2: What will be the lifecycle of EA debt reports?
After identifying the lifecycle of EA debts, we need to provide updates
regarding the changes in an existing EA debt or if a new EA debt gets
introduced. These changes in EA debts may result in EA debt reports
becoming obsolete, and to know this, we need to identify the different
stages of an EA debt report.

RQ2.3: How to make the EA debt reporting process continuous?
The poor communication between business and IT may lead to misun-
derstandings, which could result in the EA debt Lack of collaboration
between business and IT [Jun+21]. This happens due to missing strate-
gies and processes, so in this research question, we need to understand
how to keep the reporting of EA debts continuous, that is, a process that
needs to be used to keep the concerned stakeholder updated throughout
the lifecycle of EA debts. This will, as a result, help in attaining common
grounds and minimizing the misunderstandings that lead to this lack of
communication and collaboration regarding EA debts.

1.4. Contribution

This thesis contribution is to provide an extensible framework for the reporting of
EA debts which includes the process of uploading EA debt registries, searching and
filtering through the provided EA debt registries, the ability to make reports, and
a way to keep the process continuous. This implementation will cover the monitor-
ing, documentation, and communication activities as introduced in EADM [Ale+20].
The second contribution to this thesis will be a front-end application that will pro-
vide a visual presentation for functionalities supported by the EA debt reporting
framework.
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1. Introduction

1.5. Outline

This report presents a mechanism for reporting EA debts. This report is structured
as follows:
In the second chapter, we introduce the background of EA debts and discuss the

other debt management and reporting tools. In the third chapter, we look into the
requirements and discuss the components and use cases in the form of a concep-
tual and process view. The fourth chapter is the realization, where we discuss the
implementation details used for the EA debt reporting framework. Next, in the fifth
chapter, we examine the evaluation strategy and the results. In the sixth chapter,
we discuss the feedback received in the evaluation, the implications, and the threats
to validity. Lastly, in the seventh chapter, we provide the conclusion and the future
work directions.
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2. Background and Related Work

Contents
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In this chapter, we are first going to look further into the concepts of EA and EA
debt and then discuss some debt management and reporting tools to know if we can
further extend these tools to accommodate the solution for the problem that we are
going to solve in this thesis.

2.1. Enterprise Architecture

Enterprise architecture (EA) is a description of an enterprise [KSS15], which pro-
vides a high-level view of an enterprise’s business processes and IT systems [Tam+11].
It provides tools and methods to align business with IT to attain innovation in the
enterprise [Lap12]. This high-level view of an enterprise is provided using architec-
ture artifacts such as model diagrams, also referred to as the architecture blueprint
[BBL12] or EA models. These EA models are used as the decision-making tools
providing stakeholders with the relevant information about the enterprise [SSS17].
This information entails the current state of the enterprise, the target state to be
achieved by the enterprise, and the roadmap to transition from the current state to
the target state, along with transient states in between [BBL12].
Enterprise Architecture Management (EAM) is a structured approach used by the

enterprise to create, manage, and use the EA to align business and IT. EAM helps
translate the enterprise vision into a journey and makes an enterprise go through
the journey from its current state to the target state [BBL12]. Even though a lot of
research has been done in the discipline of EA and its management, the attainment
of the business and IT alignment is still challenging.
The significant findings regarding the challenges in EA and its management are

communication, which exists since EA requires coordination across multiple enter-
prise units, managing the plethora of stakeholders from different hierarchical po-
sitions in the enterprise, and having different understandings of the requirements,
which makes the communication very challenging. Another challenge is, as EA mod-
els are used to provide a holistic view of the enterprise; these models may lead to
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2. Background and Related Work

the ‘ivory tower’ syndrome due to their complexity which may result in models being
too abstract [Rot+13], making the reading and updating of models more complex
[SSS17]. This may also result in poor EA documentation because it is too time-
consuming and costly to maintain [Rot+13].

Several EA frameworks and tools have been established to overcome the above
mentioned issues, but they describe the process of EA from a theoretical perspec-
tive. Lisa et al. [UM06] discuss the comparison of enterprise architecture frame-
works in which they refer to several frameworks like Zachman framework, The
Open Group Architectural Framework (TOGAF), Federal Enterprise Architecture
Framework (FEAF) and Department of Defense Architecture Framework (DoDAF).
Zachman framework for enterprise architecture comprises several views: Planner,
Owner, Designer, Builder, Subcontractor, and User, and focuses on ensuring that
all views are well established. But it does not provide any details regarding the
process or implementation of these views. TOGAF consists of Architecture Devel-
opment Method (ADM) that specifies the process for developing enterprise archi-
tecture [THC04], but it focuses on the good principles rather than providing the set
of architecture principles [UM06]. FEAF is more focused on architecture planning,
and the overall approach to architecture rather than the enterprise architecture
[THC04]. DoDAF framework was designed for supporting the defense operations;
therefore, few of its processes are domain dependent. DoDAF, even though it fo-
cuses on supporting the documentation of architecture models, still lacks the provi-
sion for recording architecture rationale and does not have architecture modeling
capabilities [THC04]. Hence, the enterprises still struggle with the documentation
of EA, because of the high level of abstraction in the EA models, due to the lack of
architectural design details in EA frameworks, as mentioned above. Further com-
munication of the EA to different levels of stakeholders, having diverse concerns, is
equally difficult [Rot+13].

Therefore, there is still a need to document EA with varying levels of abstraction
to communicate to the stakeholder with the information their hierarchical position
requires [HBA17].

2.2. Enterprise Architecture Debt

As discussed in the above section, EA is gaining significant attention as the manage-
ment instrument in business and IT [LMR16]; however, implementing EA may not
always be successful due to uncertainty and unavailability of resources; therefore,
a new metaphor named Enterprise Architecture Debt (EA debt) was introduced to
relate to the consequences that occur when trade-off decisions are made in imple-
menting an EA.[Hac+19]

EA debt is a metric that depicts the deviation of the currently present state of
an enterprise from a hypothetical ideal state [Hac+19]. This term was inspired by
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2.3. Debt Management & Reporting Tools

the term Technical Debt (TD), a metaphor that Ward Cunningham proposed in 1992
to describe past technical shortcuts that hamper IT developments [Cun92] [Lap12].
After gaining a lot of interest in the software development industry, the term is now
extended to include software documentation, architecture, requirements, and test-
ing [Bro+10]. TD still covers only the technical issues and not the business issues,
which is why to broaden the definition of TD and to introduce such a concept in the
EA domain to overcome the shortcomings in EA, the term EA debt was introduced
[Ale+20]. EA debt may be caused due to expedient architectural decisions that
make future changes costly or even impossible [Ale+20]. They may also negatively
impact the enterprise’s business if they are not mitigated on time [Ale+20].

An outline for the EA debt management (EADM) framework was introduced by
Alexander et al., in which the research objectives were suggested for all the nine
activities included in the EADM, namely identification, collection, assessment, pri-
oritization, monitoring, repayment, prevention, documentation, and communication
[Ale+20]. All these activities would contribute toward managing EA debts in an
enterprise [HJ20].

As the concept of EA debt is relatively young [HJ20], a workshop was done to iden-
tify the EA debts in which some hidden aspects, which contribute to EA debt, were
identified. The few identified EA debts were: communication, contradictory goals
of stakeholders, and lack of documentation [Jun+21]. As stated in the previous sec-
tion, these issues are already identified in EA. Therefore, there is a need to have a
process that could contribute to resolving these issues. Since the monitoring, doc-
umentation & communication activities in EADM could contribute toward solving
the above-mentioned issues, it would be beneficial to research these management
activities. This way, we could create a process that would make the reporting of EA
debt easier.

2.3. Debt Management & Reporting Tools

As we have to develop a process to report EA debts that would contribute to mon-
itoring, documentation & communication activities in EADM, we did some analysis
to see if we can use the already present reporting techniques to not reinvent the
cycle. Our goal is to have an automated way of loading the EA debts and generating
a report out of them; we need a reporting tool that we can programmatically inte-
grate with to create and generate reports. First, we analyzed tools used to analyze
and identify TD. We explored a few tools for efficiently managing TD, which are:

SonarQube [Son] is a code quality and code security tool that helps identify tech-
nical issues from which TD is one of them by doing automated checks for detecting
code smells, bugs, vulnerabilities, and code coverage [PH19]. It achieves this by
checking the code against a predefined list of rules which can be modified. This tool
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is limited to applying the rules on code; therefore, we cannot upload the list of EA
debts as EA debts are not limited to technical perspectives.

Squore [Squ] is a software analytics and static code analysis tool. This allows it
to find bugs & vulnerabilities and measure TD. Furthermore, it supports dashboard
functionality, enabling the user to view all the found issues. Like SonarQube, we
cannot upload custom debts, and the tool is again just limited to code.

Teamscale [Tea] is a source code quality analysis tool and supports various visual-
izations of the issues found in code. Its primary focus is to determine the maintain-
ability constraints and avoid unexpected maintenance costs in the future [PH19].
Unlike the tools mentioned above, this tool can accept external findings. Still, these
are limited to static analysis tools, which again focus only on code, or coverage
tools, which are also focused on written tests for the code, making it not usable for
EA debts.

Kiuwan [Kiu] focuses on code security and provides vulnerability insights into
the code. It has functionalities for code analysis to determine the code quality con-
straints. Furthermore, it helps teams plan out how to fix the defects found, but it
does not support the upload of external findings and is again limited to code, making
it not usable for EA debts.

As mentioned before, these tools cannot contribute to the monitoring, documen-
tation & communication activities. This is because none of the tools support the
uploading/storing of the EA debts, which we would require to generate reports.
Therefore, we started looking into more general reporting tools, specifically open-
source reporting tools. For this, we have limited the search to open-source reporting
tools that support Java because this is the preferred language for the project. This
left us with a relatively concise list of tools to review. The evaluation criteria for
the reporting tools include affordability, ease of making reports, support for vari-
ous visualizations, and access to programmatically make changes to automate the
report-making process and the ability to maintain it. The tools we analyzed are as
follows:

JasperReports [Jas] is a feature-rich and widely used open-source reporting tool.
It allows its users to make reports for various target formats. However, due to its
comprehensive feature list, it is a tool that is very complex and hard to use. Due
to the variety of stakeholders, this is not a viable tool because it would first require
knowing about the tool and having some expertise to design the reports, which could
make the reporting process time-consuming. We can automate the design of a report

8
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by code; still, the process is a lot harder and more tedious as the design requires
details like size, length, and grid position, which are easier to tell by designing the
report in the tool, but as mentioned above that requires knowledge and expertise.
Hence this reporting tool does not fulfill our criteria; even though it is free and has
various supported visualizations, but the tool’s complexity and lack of flexibility in
programmatically automating it makes it not fulfill our evaluation criteria.

BIRT [Bir] is a reporting tool much like JasperReports. It allows users to make
reports and data visualizations that can be integrated into Java web applications or
exported into various formats. However, when we look at the evaluation criteria, it
has the same shortcomings as Jasper reports. It is a tool that is hard to use, with
a very steep learning curve. While we can programmatically create reports, much
like JasperReports, it is extremely complex to use and hard to maintain. This makes
it not pass our evaluation criteria.

Pentaho [Pen] is another reporting tool that allows users to create reports and
output these in various formats. Compared to JasperReport and BIRT, it is easier
to learn and less complex, but at the expense of more advanced features. This tool
lacks the ability to create the desired visualizations easily; for example, this tool
does not support displaying data in the form of tables; furthermore, programmati-
cally using the tool to generate a report requires a paid subscription. Due to this,
this tool also does not fulfill our evaluation criteria.

From the above analysis, we can conclude that we will need a separate framework
for reporting EA debts that can work with EA debts data and provide a straightfor-
ward interface to allow various stakeholders of diverse skill levels to make reports.
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This thesis aims to develop a straightforward process to handle the life cycle of EA
debts, the life cycle of EA debt reports, and the continuous distribution of EA debts.
To attain this, we need to make a framework that must fulfill the requirements that
a stakeholder might need. So, in this chapter, we will discuss the requirements,
their purpose, and how we will validate the shortlisted requirements. Further, we
will look at the design of the framework with the help of the conceptual and process
view of the EA debt reporting framework.

3.1. Requirements

These requirements are attained with a series of discussions with the product owner,
who in this thesis case is the supervisor, Peter Alexander, who is in contact with the
customers and knows the difficulties being faced by the practitioners regarding the
reporting of EA debts and knows the prioritized requirements that must be included
in the implementation of EA debt reporting framework. The requirements were
finalized after a series of negotiations with the product owner (supervisor).

The EA debt reporting framework needs a mechanism to integrate the existing
debt registry contained in organizations with the framework. The organization
where we are researching the applicability of EA debt management already has
a debt registry maintained in the form of an excel document. So first, we need
to have a mechanism to extract all the essential information and display it to the
stakeholder. An additional benefit to this is creating relationships in the data by
converting them into entities and storing them in a database. Storing the data in
a database makes data access and management easier and effortless by using ex-
isting data access libraries, for example, Spring JPA [Sprb], Hibernate [Hib], etc.
This will also help us in having a filtration mechanism for the data. Now, as I have
been provided with one organizations debt registry, in the end, we need to check if
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the other organizations will be able to provide a similar debt registry. Will they be
able to provide data in the form of an excel sheet? And how useful is the provided
filtration process going to be?

After having the EA debt data, the EA debt reporting framework needs to provide
a clear overview of the EA debt data and provide concise insights into the data.
Now the purpose of this overview is to have a visual display of all the EA debt data
present and provide information at a glance. For this, we will also require knowing
the lifecycle of EA debts to show insights into the situation of each EA debt present
in the organization. Lastly, we will need to verify whether the insights in visual form
are helpful. Are they clear and concise enough? Does it increase the total visibility
regarding the EA debts in the organization?

The EA debt reporting framework needs to enable the generation of EA debt re-
ports using user-defined templates. As the EA debt reporting framework’s goal is
to provide a process and mechanism to report EA debts, therefore, the framework
must support the process of creation and generation of these EA debt reports. The
entire process must be intuitive and easy for stakeholders from all levels to use and
understand. This requirement has two sub-parts. The first is the creation of tem-
plates, and the second is the generation of reports using those templates. Creating
templates will enable the making of EA debt reports based on viewpoints, whereas
the generation of reports will deal with the EA debt data to be shown in the EA debt
report. The benefit of this separation is that created templates can be reused in
multiple reports without repeatedly redesigning the same view. We must then verify
whether this entire process of creating templates and generating reports is intuitive
and easy. Will it save time and help in making prompt reports? Will it help overcome
the communication gap between stakeholders?

Lastly, the EA debt reporting framework needs to ensure that the EA debt report-
ing process is continuous and has a mechanism to keep track of changes that may
happen in EA debt data which will be reflected in the EA debt reports. We are re-
quired to keep track of changes to let concerned stakeholders know the progress
of EA debts in the organization. It can also help in making future decisions for the
activities being carried out in the organization. As receiving notifications is a good
way to stay informed, a notification mechanism may be used to convey the changes
in the EA debt report. Lastly, we need to check if the impact of continuous EA debt
reporting is positive. Is it easy to keep track of changes that happen in the report?
Will the stakeholder that needs to be informed review the conveyed changes? Will
notifications help in taking action to mitigate the EA debt?
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3.2. Design of Framework

To organize the information as stated in the requirements and come up with the
visual structure, we will have a look at the design of the framework with the help of
a conceptual view and process view.

3.2.1. Conceptual View

A conceptual view presents the framework from a conceptual level that has a higher
level of abstraction. We have come up with the building blocks that are required for
the EA debt reporting framework, as shown in Figure 3.1; we now need to under-
stand the link between these components and the requirements as stated in Section
3.1

Figure 3.1.: Conceptual View

As stated in the requirements, we need a mechanism to integrate the existing debt
registry with the EA debt reporting framework and also to have an overview of the
imported EA debt data; for this, we need to have a data management component
that, as the name states, manages the EA debt data, for example, reading data from
the EA debt registry, securely storing, and retrieving it with the help of queries.

Next in the requirements, we stated the need to have the capability for creating
templates and generating reports. As we already divided this requirement into two
parts, template management deals with the actions related to making templates.
Whereas, report management handles generating the reports using the templates
made.

13
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Finally, to keep the EA debt reporting process continuous, we need to have a
change control process that identifies the changes that occur and communicate the
changes in the form of reports. Therefore, the change management will deal with
the change control process.

3.2.2. Process View

The process view explains the processes and how the communication happens. In
the conceptual view, we saw the four building blocks required for the EA debt re-
porting framework. Now to understand the interactions between and to these com-
ponents, which are referred to as building blocks, we need to see the activities a
stakeholder can perform on the EA debt reporting framework.

For displaying the process view, we have used use case diagrams which help in
identifying the interactions between the actors and the systems. It is the graphical
depiction of the possible activities that an actor can perform with a system. This
helps in designing the system from the end user’s perspective.

The use case diagram is independent of the order in which the activities must be
performed and shows the communication of an actor using the use case and the
system. The actor is someone who plays a role in business and triggers use cases
and expects output from the system. The use case is the functionality that the actor
wants to perform. We have divided the use cases into four separate diagrams to un-
derstand the interaction with each component in the EA debt reporting framework.

The first use case diagram is for data management. The boundary is shown by the
rectangular box, which tells the system, which in our case is the EA debt reporting
framework. The sub boundaries denote the components present in the EA debt
reporting framework. The ‘includes’-relationship, depicted with a directed dotted
line, shows the inclusion of the other use case into the base use case.

As shown in Figure 3.2, three primary use cases can be performed by the actor
which in our case is the stakeholder, with the data management component of the
EA debt reporting framework.
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Figure 3.2.: Data Management Use Cases

The next use case diagram is for the Template Management component, where we
can see the three main actions a stakeholder can perform on the Template Manage-
ment component, shown in Figure 3.3, as part of the EA debt reporting framework.

Figure 3.3.: Template Management Use Cases
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In Figure 3.4, we can see the use cases for the Report Management component.
This component interacts with the Template Management and Data Management
components to fulfill the use cases.

Figure 3.4.: Report Management Use Cases

Figure 3.5.: Change Management Use Cases

Lastly, for handling changes in the EA debts, shown in Figure 3.5, the Change
Management component is used. This component also interacts with other compo-
nents to perform the use cases, which are Report Management and Data Manage-
ment.
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After identifying the EA debt reporting framework requirements and design, we
now need to work on realizing the EA debt reporting framework and its implemen-
tation. In this chapter, we will discuss the architecture and the technology decisions
made, followed by the details regarding the implementation of the EA debt report-
ing framework. Lastly, we will also show the User Interface (UI) made for the EA
debt reporting framework.

4.1. Architecture

Our objective is to make a prototype of a reporting framework for EA debts and
an implementation using this framework; in the previous chapter, we discussed the
requirements that we need to incorporate and discussed the high-level design, as
shown in Figure 3.1, which will help in attaining and making the process for report-
ing EA debts. Next, these components need to be put into an EA debt reporting
framework implementation. We need to see the interactions that will take place in
the EA debt reporting framework implementation, and how will the EA debt report-
ing framework components work together to perform the functionality to cover all
the technical and operational requirements; next, we will look at what the imple-
mentation architecture will look like.
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Figure 4.1.: EA debt reporting framework implementation architecture

4.1.1. EA Debt Reporting Framework Architecture

As shown in Figure 4.1, the EA debt reporting framework implementation can be
structured in a three-layered architecture: a Presentation layer, an Application layer
which is the EA debt reporting framework, and a Persistence layer.

Presentation Layer
The presentation layer handles the user interaction, for example, in the form of a
desktop application or a website where a UI is displayed to the user and where
they can perform actions. For the EA debt reporting framework implementation, we
want a front-end application with which the stakeholders can interact, which will
then interact with the application layer to execute the business logic.

Application Layer
The application layer is the main logic layer. This holds the business logic the appli-
cation must support to perform the applications core functionalities. This can be in
the form of a back-end application that can connect to the persistence layer.

Persistance Layer
The persistence layer, often called the data layer, is responsible for storing and re-
trieving the data. This could be in the form of a relational database, a non-relational
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database, or a file store. We have decided on a relational database for the EA debt
reporting framework implementation.

4.1.2. Technology Decisions

Figure 4.1 presents the three-layered architecture which displays the structure for
the EA debt reporting framework; next, we need to decide on the technologies which
we will use to realize the EA debt reporting framework.

The presentation layer will be implemented using an Angular 12 [Ang] application
and template [Cre], which will communicate with the application layer by interact-
ing with the back-end application. We chose Angular 12 [Ang] because it was the
newest version of Angular, a highly used framework to develop front-ends. This will
be the interaction point for the stakeholder.

The application layer will be implemented as a Java 17 [Jav] back-end applica-
tion using the Spring Boot framework [Spra]. Spring Boot makes it easy to run a
production-ready Spring-based application. Furthermore, it has many integrations
to connect to external systems, like a data store.

Finally, for the persistence layer, we selected PostgreSQL(Postgres) because it
is a free, stable, mature, and open-source relational database management system
[Pos]. We picked a relational database because we will only be dealing with rela-
tional data.

Next, two more technology decisions must be made before starting with the EA
debt reporting framework implementation. First, we must decide how the front-end
and the back-end will communicate with each other. One of the main ways Spring
Web, a sub-framework from the Spring framework, manages communication with
other services is by using the REST architecture style. It accomplishes this by using
JSON over HTTP.

The other decision we must take is how to generate reports without having to do
extensive coding for making PDFs; we selected Browserless [Bro] as the solution. It
is a web service that accesses web pages without showing them to the user. Its PDF
API navigates to the site and captures it into a PDF, which helps us reuse the HTML
and CSS used for the front-end application

To clarify, there will be a front-end application using the Angular 12 [Ang] frame-
work with an Angular 12 template [Cre] and a back-end application built in Java 17
[Jav] using the Spring Boot framework [Spra], which will together be called the EA
debt reporting framework implementation. Using the front-end, we can upload an
EA debt registry, create/edit templates, (re)generate reports, and notify stakehold-
ers of changes. Each task is carried out by a separate component and then persisted
in the database. The technical working details are explained in the following sec-
tions.
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4.1.3. Data Model

For this thesis, the product owner has provided us with an EA debt registry in the
form of an excel document which contains two sheets, the Debt Registry and Debt
Consequences. We first need to analyze the provided data and make a data model.
The data model helps us visualize the physical database design in terms of entities,
attributes, and relationships. As this provided excel sheet is of an organization, and
they refer to their applications/system and business capabilities as gear applications
and tita capabilities, we will also name it the same and use this terminology in the
further sections and chapters.
We will use an Entity Relationship Diagram (ERD), a visual representation used to

explain the logical structure of the database, as shown in Figure 4.2. The rectangu-
lar boxes are the entities which are the tables that will be created in the database,
and the attributes for the entity with its data type are written below. The attributes
of the entities are further described in Appendix A.
As shown in the ERD, the debt item is the primary entity containing all the EA

debt related information, which can be seen by the attributes listed in the debt
item entity. As a project, gear application and tita capability can have multiple EA
debts. Therefore, the debt item entity is linked to project, gear application, and tita
capability entities. The consequence entity provides the consequences an EA debt
will have on the gear applications and tita capabilities and describes the severity
level of an EA debt consequence. Further, the report template, created report,
notification, and filter store entities are made to deal with the EA debt reporting
mechanism, which will be discussed in detail in the next section.
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Figure 4.2.: Entity Relationship Diagram for EA debt reporting framework

4.2. EA Debt Reporting Framework Implementation

The EA Debt Reporting Framework Implementation is the collection of the front-
end Angular 12 [Ang] application and the back-end Spring Boot [Spra] application.
In this section, we will be explaining the implementation as a whole, and per topic
explain what happens in the different parts.

The back-end application uses the Separation of Concerns principle to separate
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the different layers so that every component has a single concern. As shown in
Figure 4.3, the back-end application is divided into two Maven [Mav] modules, and
further into Controllers, Services, and Repositories. The controllers expose Data
Transfer Objects (DTOs) to the front-end and translate these objects using mappers,
a class made for translating between DTOs and Entities, before accessing the ser-
vices. The Repositories are in charge of storing and retrieving the data, in the form
of Entities, in the data store. Finally, the Services bind the Controllers and Reposi-
tories together, providing the business logic needed to fulfill the requirements.

The Maven [Mav] modules allow the project to be built into two artifacts; the
framework itself is one of the artifacts, which, if required, can be reused in another
project. The second artifact is the entire back-end, which has been tailored to serve
the information needs of the front-end. The second benefit of having the Maven
modules is to ensure the visualization layer of the back-end does not get intertwined
with the framework, further ensuring the reusability of the framework.

Figure 4.3.: Separation of concerns overview

Below we will discuss the four components as discussed in Figure 3.1. We’ll go
over each of these components to explain what it covers and how that has been
implemented. After the four components, we will show and discuss the UI of the EA
debt Reporting Framework Implementation.

4.2.1. Data Management

This component for the EA debt reporting framework supports several front-end
functionalities, which are: Data Entry, Debt Registry, and Dashboard. Below we will
discuss how it is implemented in the solution for the EA debt reporting framework
implementation per front-end functionality.

Data Entry

The data entry component deals with uploading the provided EA debt registry into
the database. In Section 4.1.3, we mentioned that the product owner has provided
us with an EA debt registry in the form of an excel document. In excel it is chal-
lenging to make relations between the data and filter the data, making it harder to
use as a datastore. To fix this, we want to convert the data from the excel document
into entities that we can store. The front-end is in charge of providing a place for
the user to upload the excel file and send this to the back-end. In the back-end,
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we receive an excel document, which we need to convert. For this, we have imple-
mented the Apache POI library, an open-source library that provides a Java API for
reading and writing Microsoft Excel documents. Using this library, we read both
sheets of the provided excel document and, per row, process the EA debts and EA
debt consequences. Each cell on a row is a predefined input, that is, the title of an
EA debt can always be found in the second cell of a row and the description in the
third, and so on. We will use this to our advantage to map the excel input into a
temporary model that looks similar to the input to more easily deal with changes in
the provided excel debt registry, which then can be mapped to the entities which
can be stored using the repositories.
In Figure 4.4, we can see the class diagram for the implementation of import-

ing the excel document containing the EA debt registry. In this diagram, we can
see two packages: service and adapter. The adapter package contains the logic
required to translate the provided EA debt registry to the entities of the EA debt
reporting framework implementation. The service package provides functionality
to retrieve, save, and update the entities within the EA debt reporting framework
implementation. The adapter will use this service package to fulfill its importing
task. Other adapters can be added to the adapter package to support other formats
of EA debt registries.

Figure 4.4.: Adapter Implementation Class Diagram

Debt Registry

The debt registry consists of two segments, the debt registry table, which is the
view for all the EA debts, and the filter functionality. Both will be explained below.
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• Debt Registry Table: The debt registry table displays the EA debts imported
from the provided EA debt registry. A stakeholder can select the desired
columns from a dialog, a window that opens over the content of the page
and that needs user interaction to perform an action. When the stakeholder
applies the selection, the debt registry table will be altered to show the se-
lected columns. The table also offers pagination and the ability to sort on any
of the columns, allowing the stakeholders to modify the view they get to their
convenience.

• Filter Functionality: The EA debts shown in the debt registry table can be
filtered using the filter functionality. The stakeholder can filter based on four
columns. The product owner has selected these columns due to their fre-
quent usage in the organization: Project, Gear Application, Tita Capability,
and Status. Here, Gear Application corresponds to applications/system and
Tita Capability corresponds to business capabilities. Each of these columns is
a multi-select drop-down input in which the stakeholder can select the desired
items. A stakeholder can then apply the filter that will reload the informa-
tion in the debt registry table with the corresponding debts that match the
filter. Alternatively, they can save the filter with a name. A saved filter can
be loaded, deleted, or set as a global filter. Unlike a non-global filter, a global
filter is saved in the stakeholder’s browser under local session storage. This
allows the page to be reloaded or, at a later moment, reopened with the global
filter still applied.

Dashboard

The dashboard consists of three segments, the treemap views implemented using
the Highcharts [Hig] library, the amount of EA debts in a certain status, and EA debt
statistics which show the state of each EA debt. We have used two terminologies
here, status and state. The status tells in what stage an EA debt is, for example,
open, confirmed, etc. Whereas, the state defines how an EA debt is doing, for
example, on track, overdue, etc.

• Treemaps: A treemap visually displays the hierarchy of data based on a nu-
merical value. The treemaps show the summed sunk costs, the costs incurred
due to the presence of an EA debt, per project, gear application, or tita ca-
pability. The visualization considers the total sunk cost and divides the space
according to the individual sunk cost per project, gear application, or tita ca-
pability. As shown in Figure 4.5, we have a project A and a project B; the sunk
cost for project A is twice as big as project B; therefore, the resulting treemap
shows project A twice as big. This allows the stakeholder to see the highly
impacted areas more quickly.
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Figure 4.5.: Treemap Example

• EA debts per status: As shown in the state diagram, which shows a sequence
of events an object can go through, in figure 4.6, an EA debt can be in five
different statuses: Open, Confirmed, Planned for mitigation, Mitigated, and
Discarded. On the dashboard, we show how many EA debts we have in each
status to provide a summarized view of the EA debts in the organization.

Figure 4.6.: State Diagram for EA debt Statuses

• EA debt statistics: As shown in Figure 4.7, there are three states an EA
debt can be in: on track, critical, and overdue. The state is defined by how far
along the period and in which status an EA debt is. An EA debt may stay in the
non-final statuses: Open, Confirmed, and Planned for mitigation, for a third
of the total time each. In Figure 4.8, we can see the timeline for an EA debt,
which starts with the creation of an EA debt and the expected end date, based
on the debt period and which status an EA debt is in. For example, when an
EA debt status is Open and the debt period is short-term (two years), then the
time the EA debt is allowed to be in this status is one-third of the two years,
approximately 35 weeks, and thus the expected end date for this EA debt is the
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Figure 4.7.: State Diagram for EA debt States

Figure 4.8.: EA Debt State Timeline

created date plus the 35 weeks. When it has passed the expected end date,
it is marked overdue; if it is in the week before the expected end date, it is
marked critical, indicating the need for immediate action; otherwise, it is on
track.

4.2.2. Template Management

As the name suggests, Template Management deals with the creation, editing, and
deletion of templates.

Create Template
The creation of a template is a three-step process. The first step involves providing
details regarding the template like the name for the template, key message for the
template, created by and created date. The details provided in the first step are
then reflected on the iframe as we proceed to the second step. In the second step,
we select the widgets, which can be a column chart or table, which are the data vi-
sualizations supported by the front-end application for making the EA debt reports.
We then have to provide data regarding the selected widget; for the column chart,
we need to give the name of the chart that has to be displayed, the description for
the chart that is to be made, additional explanation about the chart if required, the
x-axis value, the y-axis value which provides us the possibility of using aggregation
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functions for grouping the data based on the type of y-axis value selected. If it is a
string type, then the COUNT aggregation function will be applied, and if the y-axis
value is numerical-based, then we can apply SUM, AVG, or COUNT. The column
chart is supported using the Highcharts [Hig] library. For the table view, we can se-
lect the data columns that are to be shown in the generated report. After providing
widget details, we can move to the third step, and the iframe is updated with the
information from the second step. In the third step, we can see a summary of the
values entered in the first step and then can choose to save the template or go back
to edit the data entered.
When we save the template, the configuration is stored in the database. The

widgets are stored as a JSON string using the FasterXML Jackson [Jac] library. The
reason for this is since there can be many widgets, and dealing with inheritance
in a database either results in many small tables, which all have to be checked
for entries, one big table with many empty fields, or one table for the base widget
entity and another table for id-key-value combinations [Han]. The benefit of storing
the collection of widgets as JSON means we can retrieve the configuration as one
table read; this is much faster and easier.
We used several terms while telling about the template creation process. We will

now clarify what these terms mean.

• Widgets: Widgets are the extensible graphical representations supported in
the EA debt reporting framework implementation. We have implemented two
widgets, namely the column chart and the table. For the column-chart, we
have used the Highcharts library [Hig] on the front-end, which displays the
data as vertical bars and represents data as columns according to the aggre-
gation function selected. The vertical column view can then help in comparing
values based on the data that is present on the x-axis [Col]. The Highcharts
library supports many graphical visualizations, which can be added relatively
easily in the future. The steps to adding more widgets can be found in the
README.md [Fro], [Bac] files in the EA debt reporting framework implemen-
tation.

The table displays the information in grid format containing rows and columns.
The columns represent the values of an attribute in all the entities. At the same
time, rows describe the information regarding a single entity.

• Iframe: The iframe is an HTML element used to show another HTML page
within the current document. We provide the iframe to help the user visualize
the template design.

• Widget Configuration: Widget Configuration defines the structure in which
the information regarding the template must be stored. We have defined the
configuration for the widgets so that their data can be retrieved as a single
object, as one template can contain one or more widgets.
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1 [
2 {
3 "@type" : "Column chart " ,
4 "chartDescription" : "Demo Column Chart description " ,
5 "chartExplanation" : "<font face=\"Arial \">Demo Column Chart

Message</font>",
6 " chartTitle " : "Demo Column Chart" ,
7 "xaxisLabel" : "Tita Capability " ,
8 "xaxisSelectedColumn" : "Tita capability " ,
9 "yaxisLabel" : "Sunk Cost" ,

10 "yaxisSelectedAggregation" : "AVG" ,
11 "yaxisSelectedColumn" : "Sunk cost"
12 }
13 ]

Source Code 4.1: Configuration for Column Chart Widget

1 [
2 {
3 "@type" : "Table" ,
4 "selectedColumns" : [
5 "Debt period" ,
6 "Sunk cost" ,
7 "Tita capability "
8 ]
9 " tableDescription" : "Demo Table description " ,

10 "tableExplanation" : "Demo Table Explanation" ,
11 " tableTitle " : "Demo Table" ,
12 }
13 ]

Source Code 4.2: Configuration for Table Widget

1 [
2 {
3 "@type" : "Table" ,
4 "selectedColumns" : [
5 "Debt period" ,
6 "Sunk cost" ,
7 "Tita capability "
8 ]
9 " tableDescription" : "Demo Table description " ,

10 "tableExplanation" : "Demo Table Explanation" ,
11 " tableTitle " : "Demo Table" ,
12 },
13 {
14 "@type" : "Column chart " ,
15 "chartDescription" : "Demo Column Chart description " ,
16 "chartExplanation" : "<font face=\"Arial \">Demo Column Chart

Message</font>",
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17 " chartTitle " : "Demo Column Chart" ,
18 "xaxisLabel" : "Tita Capability " ,
19 "xaxisSelectedColumn" : "Tita capability " ,
20 "yaxisLabel" : "Sunk Cost" ,
21 "yaxisSelectedAggregation" : "AVG" ,
22 "yaxisSelectedColumn" : "Sunk cost"
23 }
24 ]

Source Code 4.3: Configuration containing Table and Column Chart Widget

As shown in Source code 4.1, Source code 4.2, and Source code 4.3 the data
entered for the widgets is stored as a JSON object. This object contains a
"@type" field which identifies the widget type used.

Edit Template
After a stakeholder creates a template, it is shown in the template table. As we do
not want to change existing templates because reports might still be linked to it, it
is duplicated when the stakeholder clicks the edit button, and the version increases.
This helps in the versioning of the templates.

Delete Template
If a template becomes obsolete, a stakeholder can delete it from the template table
by clicking the delete icon. Since it can still be used in a report, we do not delete it
but mark it as deleted, which means the front-end will not show it anymore.

4.2.3. Report Management

The Report Management is split up into several different front-end parts. We are
going to explain each of these front-end parts below.

Generate Report
The first part of Report Management is the generation of the reports. To generate a
new report, the user is expected to fill in an input form on the front-end to provide
the required data. This consists of a report title, a report description, the creator’s
name, which report template to use, and the data that the user wants to view in the
report by using a filter as made in the debt registry component. All this information
is then sent to the back-end, where it is used to generate a metadata JSON which
will be explained below, and then persisted into the database. The metadata JSON
file is then sent to the front-end, which will be used to visualize the report.

• Metadata: The metadata is a JSON file containing the data required to visual-
ize a report, as shown in Source code 4.4. This consists of a title, a description,
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by whom it’s created, when it is created, and the widget information (as ex-
plained in Section 4.2.2, Template Management). Each of the widgets in the
metadata file contains all the information it needs to be loaded, including the
user-provided description, the explanation, the labels, and the data that must
be displayed. This means that when metadata is generated, it can be viewed
and does not need to be regenerated for the same view.

1

2 {
3 " t i t l e " : "Demo Report Tit le " ,
4 "description" : "Demo Report Message" ,
5 "createdBy" : "Sana Kanji " ,
6 "createdOn" : "2022−06−19T14:26:18.6126635",
7 "widgetDto" : [
8 {
9 "@type" : "Table" ,

10 "description" : "Demo Table description " ,
11 " t i t l e " : "Demo Table" ,
12 "explanation" : "Demo Table Explanation" ,
13 "columnNames" : [
14 "Debt period" ,
15 "Sunk cost" ,
16 "Tita capability "
17 ] ,
18 "columnValues" : [
19 {
20 "period" : {
21 " id " : 511 ,
22 "name" : "Medium−term" ,
23 "noOfYears" : 5
24 },
25 "sunkCost" : 0.0 ,
26 " titaCapabil it ies " : [
27 {
28 " id " : 516 ,
29 "name" : "business capability B" ,
30 "description" : null
31 },
32 {
33 " id " : 515 ,
34 "name" : "business capability A" ,
35 "description" : null
36 }
37 ]
38 },
39 {
40 "period" : {
41 " id " : 511 ,
42 "name" : "Medium−term" ,
43 "noOfYears" : 5
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44 },
45 "sunkCost" : 0.5 ,
46 " titaCapabil it ies " : [
47 {
48 " id " : 516 ,
49 "name" : "business capability B" ,
50 "description" : null
51 },
52 {
53 " id " : 515 ,
54 "name" : "business capability A" ,
55 "description" : null
56 }
57 ]
58 }
59 ]
60 },
61 {
62 "@type" : "Column chart " ,
63 "description" : "Demo Column Chart description " ,
64 " t i t l e " : "Demo Column Chart t i t l e " ,
65 "explanation" : "<font face=\"Arial \">Demo Column Chart

explanation</font>",
66 "xaxisLabel" : "Tita Capability " ,
67 "xaxisValues" : [
68 " [business capability B, business capability A] "
69 ] ,
70 "yaxisLabel" : "Sunk Cost" ,
71 "yaxisValues" : [
72 [
73 [
74 "business capability B" ,
75 "business capability A"
76 ] ,
77 0.25
78 ]
79 ]
80 }
81 ]
82 }

Source Code 4.4: Report Metadata

Preview
To get to a generated report, there is a table view, as shown in Figure 4.27, which
lists all the generated reports. We can view and download the report and edit the
key message in this table. For viewing the report, when the stakeholder clicks on
the preview icon shown in Figure 4.27, the user is taken to the report that opens up
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in a new tab on the browser.
The report is made by loading the metadata file into an HTML template; this is not

to be confused with the report template, which holds the configuration for a report,
but rather a template that has the layout of the visual aspect of the report. This
design considers the different fields and options in the metadata file and will define
how the actual report will appear. As such, the HTML template holds the logic to
visualize the report. The resulting report can then be displayed to the stakeholder.
Another benefit of this approach is that we can load the report into an iframe, as we
do in the template creation, to show a rough image of how the report will look like
when they are creating the template.

Edit
We have limited the editing feature for a generated report to just changing the key
message. We have chosen to do this because once a report has been generated, it
should not be changed by anyone and should stay the same. If we want to regenerate
the same report with the same filter and template, then that can be done in the
notifications tab, which we will discuss later in the Change Management section.

Download
The stakeholder should be able to download the generated EA debt reports, and this
functionality is implemented by using the Browserless web service. We deployed
the Browserless web service in a docker container and exposed the Browserless
API to the back-end. The back-end then uses the API to generate PDFs containing
the reports. It does this by sending Browserless the front-end URL along with the
desired report’s id. Then the front-end loads the report, and Browserless creates
a PDF file. This file is then downloaded by the back-end, which serves it to the
front-end, where the stakeholder can download it.

4.2.4. Change Management

This EA debt reporting framework component serves as the notification mechanism
for the front-end application, which is discussed below.

Notifications

The notifications page in the front-end holds a table with all the generated reports.
Per report, there are three buttons: Old, New, and Notify. When stakeholders click
the Old button, they are taken to the report as stored in the database. This works
like the preview functionality described in the Report Management Section 4.2.3.
When the stakeholder clicks the New button, they are also taken to the report view.
However, this is of a newly generated report. The stakeholder can compare the
reports and decide if the changes are enough to notify other stakeholders. When
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stakeholders click the Notify button, they are presented with a dialog, as shown in
Figure 4.34. Here the stakeholder is expected to type the name of the recipients
and the message they will see. When they click Notify in the dialog, a new report is
generated and persisted in the database.

On the right top of the front-end, as seen in Figure 4.35, are two buttons: Dash-
board and Notification. The Dashboard button will take the stakeholder to the dash-
board view. The Notification button will have a list of notifications. The button also
shows a badge, a small red circle, with the number of active notifications. When
clicked, shows a list of notifications. Each of these can be clicked and will take the
stakeholder to the notifications page.

4.2.5. User Interface of the EA debt Reporting Framework
Implementation

Figure 4.9.: EA debt Reporting Framework Front-end Application

As seen in Figure 4.9, the front-end is divided into two main sections, the sidebar
and the content view. The sidebar enables the stakeholder to navigate within the
application. The content view holds the views the stakeholder will go through and
will be explained below.

Data Entry

Figure 4.10.: Data Entry View to Upload an Excel Sheet
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In Figure 4.10 we see the Data Entry view, here the stakeholder can upload the
organization’s debt registry in the form of an excel sheet.

Debt Registry

Figure 4.11.: Debt Registry View

Figure 4.11 Shows the Debt Registry view. Here a stakeholder can see all the EA
debts that have been uploaded using the Data Entry View. In this view the stake-
holder can add filters, through the use of the drop-downs. The active filters will be
added as chips, the blue and green colored boxes with the rounded corners. The
chips coming from the same column will have the same color.

Figure 4.12.: Debt Registry More Options
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Figure 4.12 shows the options a stakeholder can take on the applied filter, which
are: Clear Filter, Save Filter, Load Filter, and Remove Global Filter. The clear filter
removes the applied filter, the save filter will open the Save filter dialog as shown
in Figure 4.14, load filter will display the load filter dialog as shown in Figure 4.15,
and remove global filter will remove the global filter if applied.

Figure 4.13.: Debt Registry Table Add Columns

The dialog as shown in Figure 4.13 enables users to add and remove columns in the
debt registry table.
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Figure 4.14.: Debt Registry Saving the Filter

The save dialog, shown in Figure 4.14, lets the stakeholder save the filter selections
and assign the filter a name which can then be applied without repeatedly selecting
the filters.

Figure 4.15.: Debt Registry Loading the Filter

Figure 4.15 shows a dialog where we can see the names of all the saved filters and
have the ability to select and load them.
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Figure 4.16.: Debt Registry Loading Filter Options

Each filter in the Load filter dialog also has a small menu, as shown in Figure 4.16,
and allows the stakeholder to remove a filter, or apply it as a global filter.

Figure 4.17.: Debt Registry Global Filter

After selecting the option ‘make global filter’ in the load dialog options, the global
filter is applied, and to separate the view from other applied filters, the global filter
is displayed by showing the name given to the filter, as shown in Figure 4.17

Figure 4.18.: Debt Registry Global Filter with Additional Filter

A stakeholder, with an applied global filter, can still add more filters. As Figure 4.18
shows, the global filter chip will remain and an additional chip will be added. If,
however, the stakeholder removes a filter that is present in the global filter, then
the global filter chip is removed and replaced with the actual chips of the applied
filters.
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Dashboard

Figure 4.19.: Dashboard View

As described in Section 4.2.1, the dashboard is divided into three segments, as
shown in Figure 4.19. The first segment is the treemaps which are in a carousel.
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A carousel is used for cycling through elements, in this case, three treemaps, and
shows where the carousel is in its cycle, represented by three circles at the bottom.
Below is a table that shows the EA debt statuses and how often they occur. Fol-

lowed by the Debt Item Stats, which shows the state of each EA debt as explained
in Section 4.2.1. When an EA debt item in the Stats table is clicked, the debt item
details are shown, as in Figure 4.20.

Figure 4.20.: Debt Item Details

Figure 4.20 shows the details of a specific EA debt item. Here all the fields of an EA
debt item are listed.
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Template Management

Figure 4.21.: Template Management View

Figure 4.21 shows the Template Management page, which is divided into two seg-
ments. The upper segment is for the creation of new report templates. The below
segment is for displaying the list of created report templates.

Figure 4.22.: Template Creation First Step

The creation of the report template is a three-step process. Figure 4.22 shows the
first step in which the stakeholder can enter details in the fields which are explained
in Section4.2.2.
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Figure 4.23.: Template Creation Second Step

The second step, as shown in Figure 4.23, will enable the stakeholder to add the
widgets that should be shown in the generated report.
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Figure 4.24.: Widgets Selection Dialog

As in the second step, the stakeholder has to select widgets, Figure 4.24 shows the
dialog for the widgets that may be selected and added to the report. To clarify, the
pie chart is added as an example.

Figure 4.25.: Template Creation Third Step

The last step for the creation of the report template displays the summarized infor-
mation entered in the first step as shown in Figure 4.25.
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Figure 4.26.: Template Added in Report Templates Table

After the creation of the new template, the newly made template is added to the
report templates table which can be seen in Figure 4.26.The template can be edited
or deleted as explained in Sections 4.2.2, and 4.2.2.

Report Management

Figure 4.27.: Report Management View

Figure 4.27 shows the Report Management page, which is divided into two seg-
ments. The upper segment is for the generation of the new reports. The below
segment is for displaying the list of generated reports.
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Figure 4.28.: Report Generation First Step

The generation of the new report is a two-step process. The Figure 4.28 shows the
first step in which the stakeholder can enter details in the fields which are explained
in Section 4.2.3.

Figure 4.29.: Report Template Selection Drop-Down

In the first step, the stakeholder has to select a report template that has to be
used for the generation of the report. Figure 4.29 shows the drop-down option for
selecting the possible report templates.
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Figure 4.30.: Report Filter Selection

After selecting the template, there is a possibility of applying filters to the data that
should be shown in the generated report. Figure 4.30 shows the dialog which opens
the debt registry view in which we can use its filter functionality for filtering the
data for the report.

Figure 4.31.: Report Generation Second Step
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The last step for the creation of the report displays the summarized information
entered in the first step as shown in Figure 4.31.

Figure 4.32.: Generated Report Preview

Figure 4.32 shows what a generated report looks like, this report consists of just a
column chart.

Notifications

Figure 4.33.: Notifications View

In Figure 4.33, we see the Notification View; here, we have a list of generated
reports. Each generated report gets three buttons, as described in Section 4.2.4.
When a stakeholder clicks on Notify, the Notify dialog opens up, Figure 4.34.
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Figure 4.34.: Notify Dialog

When a user opens the Notify Dialog, as seen in Figure 4.34, they can enter the
recipient’s name and a message. This is explained in Section 4.2.4.

Figure 4.35.: Received Notification View

Figure 4.35 shows what a sent notification looks like; here, the notification’s title
contains the report name, and the body contains who it is meant for and what the
message is.
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In this chapter we will discuss the setup for the evaluation, the approach taken
and the results we obtained from the evaluators.

5.1. Setup for Evaluation

For evaluating the EA debt reporting framework implementation, we have used an
interactive video format to receive feedback and reviews from academic researchers
and people working in the industrial domain. The interactive video embeds the ques-
tionnaire within the video so that when one section of the video is completed, the
evaluators can answer the questionnaire regarding that section of the video. For
making the interactive video, I have used OBS studio[Obs] for creating the video
and voice recordings and Camtasia[Cam] for editing the video and adding the ques-
tionnaire.
The interactive video for the evaluation consists of eight sections; the video begins

with learning the evaluator’s background and the level of familiarity with the term
EA debt; after that, the sections are divided according to the front-end application of
the EA debt reporting framework implementation which will be stated individually
below. The video ends with some questions regarding the video and the concluding
result on the EA debt reporting framework.
The questions for the sections mentioned above can be answered by selecting any

one of the following values: strongly disagree, disagree, neutral, agree, and strongly
agree, except for the first section, which is the background in which the evaluator
must select one of the stated options which will be discussed in the background
section. The sections of the video are as follows:

Background
In the background section, two questions are asked which are:

• In what role you are familiar with EA Debt?

• How knowledgeable are you with the term EA Debt?
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The above questions can be answered by selecting the options given with the ques-
tion. For the first question, the evaluator can choose a role: an EA debt researcher,
an EA debt practitioner, a thesis student, or other. For the second question, the eval-
uator can select the familiarity with the term EA debt, which can be no knowledge,
little knowledge, or very knowledgeable. These questions will help us know if the
evaluator is working in this area and what level of expertise the evaluator possesses
in EA debt.

Data Entry
The first component that is displayed is the data entry component, and after the
explanation ends, the evaluator is shown with the set of questions, which are:

• The organization’s debt registry can be provided like the one that we have
been provided with for making this solution

• The upload functionality in the EA debt reporting framework is convenient

These questions will help us answer if other organizations can also provide a debt
registry with similar attributes, if some changes must be done to accommodate
other organizations, and whether they can upload it as an Excel document. The
open question, in the end, gives them the opportunity to share any concerns or tips
with us, as well as can help us learn about how they maintain their EA debt data
and how the data can be provided to the EA debt reporting framework.

Debt Registry
The second component that is explained is the debt registry component. The func-
tionalities offered by the debt registry are first shown, and then the questionnaire
is displayed in which we would like to know the following:

• The filter parameters provided in the debt registry are sufficient.

• The filter functionality helps to view the data

• The application of filters process is clear

• The save and load filter functionality is useful

• The global filter functionality is useful

These questions will help us answer if the filter parameters are sufficient in the
view of the evaluators filling the questionnaire or if there is a need for other filters
to be added. Furthermore, together with the open question regarding the additional
comments, they can give hints towards improvements that can be made.
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Template Management
The third component displayed in the video is template management, in which the
process for making templates is shown. In the end, our purpose is to know the
following:

• The process of creating reusable templates supported in the EA debt reporting
framework will save time.

• The widgets allow clear visualization of EA debt data.

• The template-making functionality in the EA debt reporting framework is straight-
forward.

• The iframe providing a preview of the template gives the stakeholder an im-
pression of what the report will look like.

These questions will help understand if the functionality for making templates
is straightforward and time-saving and if the provided widgets are sufficient. The
open question will then allow us to know if some more additions need to be done,
like adding more widgets or if a use case is missing.

Report Management
The video then displays the report management component, in which the process of
generating and viewing reports using the created templates is shown. Afterward,
we would like to know whether:

• The reports help understand the current situation of EA debts in the organiza-
tion.

• The reports will help in better communication between the stakeholders.

• The reports help make better decisions after understanding the current situa-
tion of EA debts in the organization.

• Reports are an effective mechanism in making EA debts more visible.

• You would be able to generate a report using the EA debt reporting framework.

These questions will help understand whether the EA debt reports help with know-
ing the current situation of EA debts in the organization and if reports will help
improve communication among various stakeholders. The further questions will
help us know if these reports would contribute to the decision-making process af-
ter looking into the generated reports. The open question, in the end, will help us
understand the additional features or improvements we must make in the report
generation process.
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Notification
Next, the notification component is displayed in which the stakeholder can view the
old and new reports and generate a notification for the other stakeholders if the
changes in the new report are worth notifying about, in which case, a new report is
generated. In the end, we aim to know the following:

• Comparing the old and new reports helps in viewing the changes in the report

• Receiving a notification is a good indicator of newly regenerated reports

• Notifications about the report will help in taking action to mitigate the EA
debts.

• The notification mechanism keeps the EA debt reporting process continuous

These questions will help in knowing if the changes in the report can be easily seen
by comparing the old and new reports, if the notifications will contribute towards
making the EA debt reporting process continuous and if the notifications are a good
indicator for taking any possible actions for mitigating EA debt. In the end, the open
question will help us investigate the other mechanisms which can help in making
the EA debt reporting process continuous.

Dashboard
Lastly, the dashboard component is displayed in the video in which dashboard vi-
sualizations are shown. The following questions regarding the dashboard are then
asked:

• The visualizations provide a summarized view of the EA debt situation

• The visualizations serve their purpose of providing a summary of the EA debt
situation.

• The detail view (which opens when an EA debt is clicked in the table) of the
EA debt allows for a quick insight into the EA debt details

These questions will help determine if the summarized view of the visualizations
is helpful and if the detailed view of EA debt helps with a quick insight. The open
question, in the end, will help in knowing if any additional visualizations must be
added or additional EA debt information must be shown.

Video
The video ends with an additional questionnaire which will help us know if having
a separate and specific framework for reporting EA debts will be helpful for the
organizations. The questions asked are:
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• Does the video portray the use cases clearly?

• The process of reporting on EA debts is now clear.

• Having a specific tool for the reporting of EA debts is useful.

• The EA debt reporting tool will be useful for organizations.

This open section, in the end, will enable in knowing any general remarks about the
EA debt reporting framework and the evaluation.

5.2. Evaluation Results

The evaluation link was sent via email to the EA debt community within Europe
and some IT professionals from which twelve responses were obtained in total from
which one evaluator did not fill the evaluation completely and stopped after the first
component ‘Data entry’. The background information of the evaluators is shown in
the below table.

Table 5.1.: Evaluators Background and Expertise

We analyzed the data by using the average [Ana] as the statistical technique for
the data we gathered. The data is based on strongly disagree, disagree, neutral,
agree, and strongly agree. The average of the results that we received is shown in
the Table 5.3
We have come to this average as follows: We gave all the possible options a value,

from Strongly Disagree as 1 to Strongly Agree as 5, then we multiplied this value by
the number of respondents that gave that answer, added them up together, and then
divided them by the total number of responses. This results in a value that we then
must match up with an answer. For this we have decided on the following ranges:

Table 5.2.: Evaluation Result Range
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For example, if the resulting value is 4.4, then the resulting answer will be Agree
because it falls only in the range of Agree.

Table 5.3.: Evaluation Results
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The questions in the evaluation have been formulated such that positive answers,
like agree and strongly agree, indicate that the evaluators confirm that the require-
ments have been implemented and serve their purpose. From the results Table 5.3,
we can see that the overall responses have been positive, and thus we can conclude
that the implementation supports the requirements which can be seen in Section
3.1 Requirements. There is, however, one outlier: ‘The filter parameters provided
in the debt registry are sufficient.’ The average response to this question is neutral,
which will be discussed in the following Chapter 6 Discussion.
The feedback received in the open question in each section is shown in the Ta-

ble 5.4. These comments will also be further discussed in the following Chapter 6
Discussion.
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Table 5.4.: Evaluation Feedback
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In the previous chapter, we showed the results obtained from the evaluators. In
this chapter, we are going to further look into those results and discuss the steps we
took after the evaluation and discuss the implications. Lastly, we will identify the
threats to both internal and external validity.

6.1. Steps After Evaluation

In the evaluation, we received some additional feedback on the open questions in
each section of the video. The reason we had these questions was to gather sugges-
tions for improvements that can be made. Below we will discuss the feedback per
the video section:

Data Entry
For the Data Entry, as seen in Table 5.4, there are four feedback points, three of
which were suggestions for improvement, and one was a comment about the terms
used in the debt registry. We will go over these four points in order of the Table 5.4:

• The first feedback was a suggestion to implement a drag and drop functionality
for uploading the EA debt registry. I agree this should be there because it
would increase the user’s convenience. Since this is only a user interface
change, it can be incorporated in the future as the user interface was the
secondary goal of the thesis; the primary goal was the framework on which
this has no effect.

• The next feedback in the table is to support multiple EA debt registries. I
again agree with this, and the EA debt framework implementation has this
considered, and it is extendable by allowing new adapters to be added that
receive the other formats of EA debt registries and converting them to the
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internal data models, as discussed in the Chapter 4 Realization. As this thesis
scope was limited to the EA debt registry of only one organization, we will not
implement other options at this point.

• The third provided feedback is a suggestion for proving a way to integrate
with source tools, where the EA debt registry can be uploaded automatically.
I agree that this would make it more convenient, as this is very similar to the
previous feedback and can be supported by the framework in the future, but it
is outside this thesis’s scope.

• The last point of feedback was regarding the terms ‘TITA capability’ and ‘GEAR
application’ being not understandable. The ‘TITA capability’ corresponds to
‘business capability’ and ‘GEAR application’ corresponds to ‘applications’, but
the terminologies we have used in the implementation are limited to the or-
ganization for which we implemented this reporting framework. This general-
ized terminology can be accommodated in the future when a generalized tool
is made and the organizations have more knowledge of the generalized termi-
nologies. I disagree with this feedback as it was briefly explained in the excel
file attached to the video details and further explained in the next section of
the video.

Debt Registry
In the Debt Registry section of Table 5.4, there are two points of feedback, both of
which are suggestions for improvements:

• The first suggestion relates to the filter attributes, where the evaluators would
like to have more filter attributes, I agree, and while this was originally the
goal of the implementation, it has been limited to the four attributes after
some discussions with the product owner because these were the parameters
that are frequently used in the organization whose EA debt registry we used.
In the future, we can add more parameters for filtration as the need and use
increase.

• The other suggestion was to make all filters global filters, as some might find
this more intuitive, and to add a clear filter button. I have a neutral view
on the first part of the feedback as this will depend more on the stakeholder
needs that will vary with the organization. I disagree with the second point of
the feedback as this functionality is already present and is also shown in the
video. However, the button can be added in a more accessible position on the
front-end. Since both points are just changes to the user interface, which was
the secondary goal of this thesis, I would recommend looking more into this in
the future.
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Report Template
Next on Table 5.4 is the Report Template section, where we have received six points
of feedback, of which four are suggestions, one definite compliment, and one which
can be either, and are:

• The first suggestion is a full-screen preview that would help to visualize the
template better. I agree this would be a good feature and could be imple-
mented in a way where you can open it in another tab or overlay. However, as
with the other front-end suggestions, this was part of the secondary goal, and
I would highly suggest implementing this in the future.

• Next on the list is to add Confirmation dialogs before deletions to make the
process safer. I agree this would be a great feature to implement, as it would
save stakeholders from accidentally removing the wrong things. Due to time
limitations, we recommend it to be added in the future.

• The third point can be interpreted in two ways; if it is a suggestion, then I
would agree because that is what we have implemented in the Template Man-
agement component of the framework. Because we never edit an existing
template but rather duplicate it and then change that version, so it does not
impact existing reports. The other interpretation can be as a compliment, in
which case we do not have to accommodate any changes, and our implemen-
tation is appreciated.

• The fourth point touches on the immutability as well, where for every edit, a
new template is created; they suggest adding a column with the latest version
and only showing this to prevent clutter in the template table. I agree this
might be a good addition, but this has some limitations that would have to be
also resolved, like accessing older versions of a template. Since this is quite a
change in the table, I recommend doing this in the future.

• The fifth point is regarding additional widgets, of which one example is given.
I agree that additional widgets should be added, but this should be done in the
future according to the needs of the organizations.

• The last point for the Report Template section is a compliment on the widget
functionality and the configurability of the reports.

Report Generation
In the Report Generation section of Table 5.4, there are two points of feedback, one
of which has a suggestion, and the other is a question, as follows:

• The first point is a question regarding the ‘created by’ field that has to be filled
in by the person making the report. And they are under the impression that
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a user is logged into an account. I would agree with this point if that latter
were the case; however, since we have kept user accounts out of the scope of
this thesis, this is not the case and has to be entered manually. We can take
a suggestion for this question, which would be to implement a user account
mechanism, which I think should be accommodated in the future.

• The second point starts with a question about whether the reports can be
emailed to the user; they feel this would be a good way to keep stakeholders
up to date. I agree with this suggestion; it was part of the scope but has been
removed due to time limitations and the unavailability of technical resources.
Hence, this should be done in the future.

Notifications
In the Notifications section of Table 5.4, there are three points of feedback, all of
which are suggestions for improvement, and are:

• The first point is about the reports’ manual comparison, which has to be done
by the stakeholders. I agree this should be implemented, but due to time
limitations has been removed in discussion with the product owner as other
requirements were more important. This should be implemented in the future
to make the whole tool more useable.

• The second point warns of the notification not having a call to action, mean-
ing they do not immediately attract the user’s attention, which could result in
the notifications getting lost. I agree this is the case, but we cannot deter-
mine which user to notify because we do not have a user account mechanism.
Therefore, in collaboration with the product owner, we have decided to display
the notification on the navigation bar.

• The last point is again about receiving emails with the new reports, which has
been addressed in the Generate Report Section 4.2.3. This has been excluded
due to the unavailability of technical resources. I agree this should be imple-
mented in the future when the reports can also be emailed to the stakeholders.

Dashboard
In the Dashboard section of Table 5.4, there are four points of feedback, all of which
are suggestions for improvements, which are:

• The first point is about ordering the tables to more easily see the overdue and
critical EA debts. I agree this is a good addition, as it will make the dashboard
more usable; however, due to time limitations and the front-end not being the
main focus of this thesis, I would suggest implementing this in the future.
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• The next point is about the details view. They mention it to be cluttered and
that it is missing the status which is visible on the dashboard. I agree this
should be improved, but as this was the secondary goal of the thesis, it should
be implemented in the future to make the view more useable.

• The third point on the list suggests the use of pie charts, rather than the
treemaps that have been implemented, might better suit the goal of comparing
relative contributions. I agree with the statement; however, as stated at the
beginning of this suggestion, our goal was to show highly impacted areas (the
outliers) more quickly.

• The last point of feedback was a suggestion to add more fields to the Debt Item
stats table. I disagree that adding more fields could be beneficial; we do not
want to create too much clutter on the dashboard. The additional fields, for
that reason, have been added to the detailed view of the EA debt item.

Video
In the Video section of Table 5.4, there are five points of feedback, one of which has
a suggestion, and the others are compliments:

• The first four points are compliments about the video, the evaluation, and the
EA debt reporting framework implementation.

• The last point mentions the evaluator missing the link to actually solving the
debt, but as the evaluator already mentions, this is beyond the scope of this
thesis.

6.2. Implications

For the implications, we want to differentiate between implications for researchers
and implications for practitioners. First, we will address the implications for the
researcher and how they can proceed further in the research, and then we will look
into the implications for the practitioners.

Implications for Researchers
This thesis addresses the monitoring, communication & documentation activities
of the EADM framework and has created the prototype for the EA debt reporting
framework. As mentioned in Chapter 4 Realization, the current implementation
is based on only one EA debt registry, and to further extend the current solution,
researchers could research further into including EA debt registries of different
types and from other organizations. Moreover, they can explore alternative views
that might suit the needs of the practitioners better, as well as extend the change
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management component of the framework to support alternative ways of making the
reporting process continuous. Lastly, since this thesis only touched three activities
of the EADM [Ale+20], a way to integrate this framework with the other layers of
the EADM framework has to be researched.

Implications for Practitioners
The EA debt reporting framework implementation allows practitioners to ease their
work. It provides methods to document and keep track of EA debts and to report
on them by providing an extensive way of creating reusable report templates in a
user-friendly interface and using these templates to create reports over different
data filters. The practitioners get a wide selection of attributes to show and filter
their reports on, as discussed in Chapter 4 Realization. Furthermore, it allows them
to search through the EA debt registry, using a wide variety of filter attributes,
and to see the parts of the EA debts that they regard as important by selecting the
columns they want to see. Lastly, they can use the provided notification function
to alert the stakeholders of any new reports that contain changes that need to be
communicated.

The EA debt reporting framework will contribute to a process for reporting EA
debts by providing a mechanism in which reports can be used as means of com-
munication & documentation and a dashboard for monitoring EA debts. As stated
in Chapter 2 background and related work, communication and documentation are
already among the identified EA debts, and we needed a process to resolve these
issues. Therefore, this thesis aims to implement the EA debt reporting framework,
and by looking at the evaluation results, it can be concluded that having a frame-
work for reporting EA debts will be helpful in the organization and will help the
EA practitioners in making better decisions and staying updated with the current
situation of EA debts in the organization.

6.3. Threats to Validity

In this section, we will discuss the threats to the validity of the evaluation. We need
to do this because we want to know how reliable our evaluation is or whether it
should require more consideration.

6.3.1. Internal Validity

There is a possible selection bias [Int] due to the limited responses in the evalu-
ation, even though the evaluation had been sent to a relatively large group from
which only twelve people participated. Of these twelve evaluators, as can be seen
in Table 5.1, only five come from a background whose role is linked with the EA
debts. And only four out of all evaluators are very knowledgeable. Another threat
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to the internal validity can be the attrition [Int] threat. Due to some technical issues
at the beginning of the evaluation, at least one of the evaluators dropped out; we
know this because they informed us of the technical problem.

6.3.2. External Validity

Reflecting on the implementation done for the making of the reporting framework
of EA debts, we have based it on an EA debt registry of one organization which was
in the form of an excel document; this means that the current implementation is
limited to receiving the EA debt registry in the form of an excel document. While
this was in the scope of our research for this thesis, as discussed in Chapter 4
Realization, this can be extended with ease in the future when there is access to the
EA debt registries of other organizations too.
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To conclude this thesis, we will first summarize the steps taken in the thesis, then
we will discuss the future work that can be done to further research this topic.

7.1. Summary

In this thesis, we came up with a process and mechanism to report EA debts. We
identified the stakeholder’s requirements and then decided on the components that
should be included in the EA debt reporting framework: data management, tem-
plate management, report management, and change management. Each of the
component’s use cases are explained in Chapter 3 Concept and how it contributes
to achieving the identified requirements. Then we look into the implementation
in Chapter 4 Realization. We also implemented a front-end application so that the
stakeholders can interact with the EA debt reporting framework, use it to generate
reports, and keep stakeholders informed with those reports. Furthermore, the im-
plementation also supports practitioners in searching through the EA debt registry,
by providing them with an extensive set of filter attributes, to see the attributes they
want to see from the EA debts.

Finally, we sent out an evaluation to get feedback from the academic researchers
and the people from the industrial domain, and discussed the suggestions we re-
ceived on the evaluation, after which we identified the implications and threats to
internal and external validity. The feedback on the evaluation was overall positive;
however, we received some feedback which can be seen in Table 5.4 Evaluation
Feedback. The changes mostly suggested are the UI component extensions like
adding more filters, and visualizations that can be done in the future once the EA
debt reporting framework starts being used in the organization.

This EA debt reporting framework presents a prototype that contributes toward
having a mechanism specifically dedicated to EA debts, and further research can
then be guided toward how to accommodate more organizations.

The EA debt reporting framework also contributes to the monitoring, documen-
tation & communication activities of EADM. However, further research on how to
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have a more sophisticated reporting framework, and deal with various debt reg-
istries still needs to be done by conducting interviews with EA practitioners and a
diverse set of organizations.

7.2. Future Work

This EA debt reporting framework is the first step toward the monitoring, documen-
tation & communication activities in EADM; further work is needed.
As mentioned in Section 6.2 Implications, to further verify the applicability and

usability of the EA debt reporting framework, we need to get EA debt registries
from various organizations to know how they are maintained and then add adapters
to facilitate those debt registries which has been explained in Chapter 4 Realization.
Furthermore, more widgets can be added, as per the requirements of the stake-

holders in the organization, to have more variety of visualizations; for example, pie
charts could be added to compare relative contributions, and timeline charts could
be added to keep better track of EA debt statuses. Some additional user interface
changes have been recommended by the evaluators and have been discussed in
Section 6.1 Steps after Evaluation.
Moreover, this solution has a notification mechanism to keep the EA debt report-

ing process continuous, which keeps the stakeholders updated with the EA debt
changes that occur in the organization, as explained in the Subsection 4.2.4 Noti-
fications. This mechanism still needs manual work to look at the changes in the
report. Therefore, we can make this process automatic, by detecting the EA debt
changes and the reports affected by those changes. This can be done through a
scheduler that checks EA debt reports for changes at specific intervals (for exam-
ple, every 2 hours), and then emails updated reports to the concerned stakeholders.
The EA debt reporting framework implementation needs an authentication and

authorization mechanism for auditing purposes and enabling the notification to be
sent to a specific user, rather than everyone, as is the case now.
Lastly, this framework only implements three activities from the complete EADM

framework; as suggested by Alexander et al. [Ale+20], it needs to be integrated
with the other framework activities. This could be achieved by loading the newly
identified EA debts from the identification activity from the EADM framework, or
even by letting the assessment & prioritization activity update the already stored
EA debts. This integration could be done by creating the relevant adapters in the
EA debt reporting framework to receive EA debts over HTTP using REST and JSON.
To further evaluate this solution, a workshop can be held with the practitioners

so that they can use the EA debt reporting framework implementation, potentially
in a real work setting with the EA debt registries they provide. While the front-end
of the solution has been tested vigorously, it has never been evaluated for being
user-friendly, by letting users use the tool.
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Glossary

API Application Programming Interface

CSS Cascading Style Sheets

DoDAF Department of Defense Architecture Framework

DTOs Data Transfer Objects

EA Enterprise Architecture

EADM Enterprise Architecture Debt Management Framework

ERD Entity Relationship Diagram

FEAF Federal Enterprise Architecture Framework

HTML Hypertext Markup Language

HTTP HyperText Transfer Protocol (HTTP) standard application-level protocol used
for exchanging files on the World Wide Web (WWW).

JSON JavaScript Object Notation (JSON) is an open standard format for data inter-
change.

REST Representational state transfer (REST) is an architectural style for hyermedia
systems. It guides the design and development of the architecture of World
Wide Web (WWW).

TD Technical Debt

TOGAF The Open Group Architectural Framework

UI User Interface
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