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Abstract. The term Enterprise Architecture (EA) Debt has been
coined to grasp the difference between the actual state of the EA and
its hypothetical, optimal state. Since its first definition in 2019, differ-
ent theses have been conducted on the topic, and different articles have
been published working on and with the term EA Debt. Consequently,
using different terms has evolved to describe different phenomena within
the domain. Due to the different authors involved in this development,
perceiving these terms might differ. To avoid misunderstandings and to
ease common understanding of the domain, we propose an ontology for
the domain of EA Debt. We rely on a lightweight methodology for rapid
ontology engineering (UPON light) and the Unified Foundational Ontol-
ogy (UFO) to engineer our ontology.
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1 Introduction

Digital transformation comes with opportunities and challenges, such as
business-IT alignment [47] (BITA). A holistic view is required to achieve BITA
that helps understand the impact of products, employees, and business mod-
els [39]. One solution that provides a holistic view is Enterprise Architecture
(EA) [33], which provides methods and tools to align business with IT, oper-
ationalize the business strategy, and can drive innovations [34]. EA provides
transparency utilizing business-related views, application landscapes, and infor-
mation technology sketches [33,53].

EA has often been established in many large organizations, and related
research elaborates on various frameworks, methods, and tools [29,32]. Orga-
nizations’ EAs usually reflect this evolution through an organically grown archi-
tecture with many artifacts and systems implemented. Simultaneously, the gen-
eral perception of EA is bureaucratic, document-centric, and hampering agility
due to its focus on long-term effects [10,52]. However, there might be significant
discrepancies between long-term EA objectives and individual projects, causing
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conflicts due to a misalignment between EA plans and business needs. These
conflicts could be: (1) Complex application landscapes with legacy systems and
redundancies; (2) Outdated or incomplete EA artifacts and documentation; or
(3) Procedures and organizational units in EA management that hamper IT
innovations.

These conflicts are caused by past decisions that might have been justified
at the corresponding time. Still, due to organizational change, these changes
might not be reflected in the application landscape. To cope with this challenge,
Hacks et al. proposed the term EA Debt to describe those results from past
decisions that hamper changes in the organization [22]. Like technical debt, EA
Debt represents obstacles moving from the current EA (as-is) towards a desired
to-be-landscape. In contrast to technical debt, EA Debt provides a more holistic
view, not just encompassing technical systems but also processes, organizational
units, and regulations.

Since the first definition of EA Debt in 2019 [22], different works have
been conducted within the domain. Naturally, different terms have evolved to
describe different phenomena within the domain, and due to the different authors
involved, the perception of terms might differ. To avoid misunderstandings and
to ease common understanding of the domain, this work has the Research Objec-
tive to develop an ontology for the domain of EA Debt.

The rest of this work is structured as follows: Next, we go into more detail
about the concept of EA Debt and present the research already conducted in the
field. Then, we explain the research method we followed to build our ontology,
followed by a demonstration of the ontology on an example from previous EA
Debt research. Before we conclude the work and discuss the ontology’s implica-
tions, we present related work on ontologies in EA and technical debt.

2 Background

The digitalization of organizations is accompanied by agile methods, which is
a challenge for EA, as the time to define proper target architectures becomes
reduced [49]. This is caused by product owners preferring short-term business
value over sustainable architectural solutions. At the same time, approaches that
ease long-term architectural solutions are scarce [19,50].

To address this challenge, Hacks et al. [22] extend the concept of Techni-
cal Debts, which describes past technical shortcuts that hamper IT develop-
ments [12,37], to the EA domain by suggesting a more holistic view on the
organization. Concretely, Hacks et al. [22] originally defined EA Debt as “a met-
ric that depicts the deviation of the currently present state of an enterprise from
a hypothetical ideal state”. Such a deviation can result from (1) decisions that
are expedient in the short term but cause future changes to be more costly or
(2) from a deviation in the actual EA that might have arisen due to changes in
the valuation. The latter arises when an original decision aligns with the optimal
EA, but a recent change in the strategy leads to another optimal EA, while the
first hampers implementing better solutions immediately.
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Research conducted in the field of EA Debt can be separated into two
streams [2]: On the one hand, research related to the technical aspects of EA
Debt. On the other hand, research elaborates on the socio-technical aspects of
EA Debt.

Most of the research is related to technical aspects of EA Debts. Salentin and
Hacks [41] defined the term EA Smell and published the first set of EA Smells
together with a prototype that could identify some of the smells in ArchiMate
models. Lehmann et al. [35] and Tieu and Hacks [48] continued in this line
of research by finding other smells based on known anti-patterns and software
architecture smells. Smajevic et al. [46] developed tool support to identify EA
Smells in an automatized way in EA models.

Given a set of EA Debts, Yeong et al. [55] provide a method to prioritize
which EA Debt to solve next. They adapt portfolio theory and utility functions
to prioritize different EA Debts based on an organization’s preferences. Having
this prioritization, refactoring is necessary, presented by Liss et al. [38] to guide
the removal of the respective debts. Slupczynski et al. [44] propose a process for
evaluating the prudence and recklessness of enterprise architecture debts.

The technical proposals are framed by research on the socio-technical aspects.
For instance, Alexander et al. propose a process to manage EA Debts [2]. It
is suggested first to identify and collect EA Debts, assess and prioritize, and
finally, remove or monitor actively. Here, the work of Jung et al. [28] provides a
workshop format to identify EA Debts and EA Smells that cannot be detected
solely relying on EA models. This was further developed by Daoudi et al. [13]
to be more time efficient and also to consider when an EA Debt has a negative
influence on an organization.

Finally, Hacks and Jung [23] conducted a first experiment to evaluate if the
concept of EA Debt leads to a better EA. Therefore, they taught a group of
students the concept. Afterward, the students were supposed to model a fictitious
organization, and experts compared these models to models from student groups
that did not know the concept. However, a positive effect could not be found in
the experiment.

3 Method

To build our ontology to reason about the domain of EA Debt, we rely on the
Unified Process for Ontology building (UPON) lite [14], which is a simplified
version of UPON [15]. UPON lite is designed to enable domain experts with
no deeper knowledge of ontology engineering to develop their ontology. As the
authors of the article can be considered domain experts for EA Debt due to
their involvement in a substantial amount of articles in the field and missing
experience in the development of ontologies, UPON lite is deemed a well-suited
solution to accomplish the overall goal of unifying the different terms in the
domain.

UPON lite comprises six steps (cf. Fig.1). In the following, we give a short
recap on the single steps and how we realized them to build our ontology:
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Fig. 1. Steps to Build an Ontology according to UPON lite [14]

1. Lexicon: In the first step, a lexicon of all terms in the domain is created. This
lexicon is a flat list of undifferentiated terms that also includes synonyms.
To create such a lexicon, we considered all papers citing the original paper [22]
suggesting the definition of EA Debt. We only excluded papers not in
English or not available for download and added two papers in the publish-
ing process [13,23]. Next, we identified 1150 keywords in all papers via Yet
Another Keyword Extractor (YAKE) [11]' and removed all duplicates and
non-relevant keywords (e.g., author names). The resulting lexicon comprises
117 entries and can be found in github?.

2. Glossary: The second step aims to unify the lexicon by identifying syn-

onyms and providing a textual description of the single terms. Moreover,
more semantics can be added to the terms, e.g., by relying on established
foundations like the Unified Foundational Ontology (UFO) [21] or the Object,
Process, Actor Modeling Language (OPAL) [16].
Accordingly, we identified synonyms and provided a textual description of
56 terms. Additionally, we first classified the terms according to UFO [21]
as it is an established approach in our community and provides good tool
support with its integration into Visual Paradigm. The glossary can be found
in github?.

3. Taxonomy: The third step focuses on defining a taxonomy of the terms
within the glossary. L.e., one establishes a hierarchical “is a” order among
the terms. Moreover, this step also evaluates the previous two steps in which
unnecessary terms are removed, and missing terms can be added.
Structuring the terms into a taxonomy, we identified 33 top-level concepts, 20
first-level specifications, and three second-level specifications. The resulting
taxonomy can be found in github?.

1 'We used the following parameters: NGRAM = 3, Keywords_Number =
50, Deduplication_Threshold = 0.5.

2 https://github.com/simonhacks/ead_ontology /blob/main/Keywords.xlsx.

3 https://github.com/simonhacks/ead_ontology/blob/main/Definitions.xlsx.

4 https://github.com /simonhacks/ead_ontology /blob/main / Taxonomy.xlsx.
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4. Predication: The fourth step determines the relevant attributes of the dif-
ferent concepts in an ontology. Generally, three types of properties are dif-
ferentiated: atomic properties (AP), complex properties (CP), and reference
properties (RP).

Due to our focus on defining terms and often missing information about the
concrete properties of certain concepts, we decided to neglect this step for
now.

5. Parthood: In the fifth step, the concepts are analyzed towards their archi-

tectural structure. In other words, PART-OF relations among these concepts
are identified and documented.
We identified 22 PART-OF relations between the terms. We also added 24
terms, which we recognized were complementary to existing terms. Finally,
we clustered the different terms into 5 clusters that refer to the main concepts
in the domain of EA Debt.

6. Ontology: Finally, the ontology is constructed based on the findings from
the previous steps. Additionally, domain-specific relations and constraints,
such as cardinalities, are added, and the ontology is documented in a formal
language.

We documented the ontology within Visual Paradigm following UFO [21].
The resulting ontology is presented in Sect.4 along with its basic concepts.
The ontology is available on github®.
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Fig. 2. Business domain ontology

4 Ontology

The ontology was split into five diagrams, representing five domains, namely
Enterprise Architecture (EA), Technical Debt (TD), Software Engineering (SE),

5 https://github.com/simonhacks/ead_ontology /blob/main /ead-ontology.vpp.
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Fig. 4. Modeling domain ontology
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Fig. 5. SE domain ontology

and smaller Business and Modelling domains. In each diagram, keywords and
their relations are presented, ordered hierarchically to improve readability. Each
keyword is colored to indicate its UFO classification. Due to the page limita-
tion, the roles and features of ontology classes, relationships, and attributes are
explained and available on github®.

Enterprise Architecture. The first domain is EA [54], which is the most relevant
to our study. It is tightly related to other domains, spanning the Business, Data,
Application, and Technical layers. As presented in Fig. 3, the EA domain focuses
on representing information, and EA Debt [22] is at the center of focus. During
the work on the ontology, we observed some points worth considering: Although

5 https://github.com/simonhacks/ead_ontology.
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Fig. 6. TD domain ontology

Architecture is a big part of EA, in the identified keywords, this is not reflected.
In the publications, there is no focus on architecture and projects, but instead
on financing (as seen by the emphasis on debt [43] and risk aversion [55]), as
well as conveying knowledge (as seen by the focus on representation [20] and
stakeholders [31,45]).

Notably, we recognized a change in the used definition of EA Debt, no longer
including the aspect of being a metric, thus defining it as: "the deviation of the
currently present state of an enterprise from a hypothetical ideal state.” (e.g.,
[23]). This is mainly motivated to better differentiate between cause (debt) and
symptom (smell), initially manifested in a single definition. As this eases the
understanding of the concept, we also follow this differentiation. Furthermore, a
discussion arose around the phrase ”"hypothetical ideal state” as it is impossible
to determine. One suggestion is to use ”planned future state” instead. However,
we do not think this properly reflects the idea beyond EA Debt as a planned
future state does not need to be flawless and thus still can incorporate EA Debts
that are consciously taken but should be documented.

Given how young the field of EA Debts is, one can only expect the ontol-
ogy to change and grow with time. This is rightfully so, as with each piece of
information, there will be more clarity about the definitions and relations of the
terms.

Technical Debt. The second domain (cf. Figure 6) concerns TD. TD is an insep-
arable part of EA Debts. It involves the debt committed on the Technical and
Application layer. It is tightly related to the product and has been studied longer
than EA Debts. Even though the two are inseparable, based on the identified
keywords, there is a gap in their consideration in papers related to EA Debts.
We observed that only one of two metrics is discussed, leaving the review of
the principal insufficient. Similarly, considering the TD classification proposed
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Fig. 7. Instantiation of the Ontology for an Intermediate Interface.

by Fowler [17], only inadvertent debt got enough attention to appear as one of
the identified keywords. This might indicate a lack of research into other debt
classes.

As the concepts of TD and EA Debt are related to Financial Debt, one can
observe that many keywords on the diagram are from the financial sector.

Software Engineering. As the area of SE has been studied longer, it was easier
to identify the underlying relations between the identified keywords. As seen in
Fig. 5, the diagram presents a small part of a SE ontology composed of keywords
often appearing in the context of EA Debts. However, it still provides valuable
information. It is related to TD through Refactoring [18], which pays back the
TD made visible through Code Smells. It is also associated with EA through the
consideration of Architecture. The limited review of Architecture in the context
of EA Debt indicates that SE is closer to TD than EA. This is further supported
by the definition of EA, which focuses more on Business and Data, leaving the
Technical aspects compared to TD.

Business. The Business domain (cf. Figure 2) focuses on the process and aspects
enabling or blocking it. Relevant business information can be modeled to support
stakeholders in evaluating the business processes [51]. However, business seems
to be a supporting domain as it does not result in many relevant keywords.

Modeling. Modeling is a supporting domain for the entire ontology and is shown
in Fig.4. It represents the functionality needed to assess the state of other
domains, especially business, EA, and SA.
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5 Demonstration

We create concrete instances based on previously reported cases to showcase
the developed ontology. More concretely, we illustrate one case from the first
publication [22], one case elaborating on the prioritization of EA Debts [55], and
one case introducing the concepts of prudence [44]. We opted for these cases as
they cover many aspects captured in the ontology.

The first case [22] takes place in a company in the banking domain, which
is step-by-step moving its applications from the mainframe to the cloud. Two
applications that depend on each other should go to the cloud. However, due to
delays, one of the applications cannot be moved to the cloud at the same time
as the other application. Therefore, an intermediate interface between the cloud
and the mainframe needs to be implemented that is not part of the envisioned
optimal EA and, thus, causes an EA Debt. The instantiation of this example
can be found in Fig. 7.

The second case [55] illustrates how a company can decide which project
to conduct to find the optimal amount of EA Debt according to their risk aver-
sion. Therefore, five project options are envisioned with their respective portfolio
risk and expected return. To explain the computation of these parameters, one
project is presented in more detail, with four different EA Debts. The principal,
the interest, and the interest growth rate are given for each EA Debt. Addition-
ally, the covariance between the EA Debts is provided to calculate the portfolio
risk and the expected return. The instantiation of this example can be found in
Fig. 8.
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Fig. 9. Instantiation of the Ontology for Prudence in EA Debt.

The third case [44] presents a toy example where an enterprise faced with
complex maintenance of a core functionality project decides to work on reduc-
ing TD through refactorings and enforcing architecture guidelines. The conflict
between on the one hand time and budget constraints and on the other hand
the importance of new functionality forces the enterprise to evaluate the pru-
dence and recklessness of two potential scenarios using the Prudence Evaluation
Process (PEP). In the first scenario, the guidelines are violated by deploying
on the legacy system, saving time and resources. The second scenario is where
policies are followed by deploying the modern system while spending more time
and resources on integration with the core functionality. The instantiation of
this example can be found in Fig.9.

6 Related Work

One stream of research that links ontologies and EA uses ontologies to describe
EA itself. As such, Kang et al. [30] describe an ontology that provides more
detailed semantics about EA and facilitates communication around the different
stakeholders. Therefore, they define three different ontologies. One ontology to
explain business terms, one for the elements of the EA, and finally, the different
concepts are linked via relationships. Al Hadidi and Baghdadi [1] propose an
ontology to model the interaction between different organization types. They
focus on loosely coupled enterprises that join forces to provide new services and
temporary cooperations to access new markets. Similarly, Janulevi¢ius et al. [27]
suggest an ontology to reflect on the security properties of cloud computing in
EA. Mainly, they focus on security controls for the essential documents and
integrating the ontology into EA modeling.



Towards a Knowledge Base of Terms on Enterprise Architecture Debt 205

Another direction of research elaborates on linking EA models with concrete
ontologies. For example, Hinkelmann et al. [25,26] use EA models to have a
graphical organization representation and integrate them with machine-readable
enterprise ontologies. Therefore, they map the EA modeling notation to a respec-
tive ontology that provides additional information to make the graphical repre-
sentation machine-readable. Another angle is taken by Bakhshandeh et al. [9]
and Antunes et al. [5,6], who use ontologies to integrate ArchiMate with different
other modeling languages that are better suited for specific domains. Moreover,
their integration of ArchiMate and ontologies allows a better analysis of the
model.

A third facet of related research uses ontologies to enrich existing EA mod-
eling approaches with new concepts. Azevedo et al. [7,8] perform an ontological
analysis on the concepts of resources, capabilities, and competencies and extend
ArchiMate to be able to cope with these concepts in the domain of portfolio man-
agement. Other approaches enrich ArchiMate to allow risk analysis [40] based on
the Common Ontology of Value and Risk, perform value modeling [42] illustrated
on the case study of a low-cost airline, or incorporate trust [4] demonstrated on
a COVID-19 data repository.

Finally, there is research that elaborates on ontologies for Technical Debt.
However, research in this direction is scarce. We could only identify three works
that use ontologies to structure knowledge around Technical Debt or use it for
its analysis. Firstly, Alves et al. [3] propose a first step to an ontology of terms
of Technical Debt. Secondly, an ontology has been proposed for a more concrete
instance of Technical Debt, i.e., Requirements Debt [36]. And finally, Handler
and Neumann [24] suggest an ontology for refactoring in game design, which is
used in a teaching case.

7 Conclusion

In this work, we have presented a first step to an ontology describing the domain
of EA Debts. To achieve this, we analyzed the existing publications in the field,
identified the most relevant keywords, and arranged them in the ontology. More-
over, we added further concepts that were missing. Those concepts seem to be
understudied in the domain as they are usually considered in the domain of
Technical Debt but do not appear in research related to EA Debt. Thus, this
draws an opportunity for future research.
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From a methodological point of view, we recognized a lack of tool support
for extracting keywords from articles. We were forced to perform significant
manual work to enable the analysis, as the articles are often solely provided in
semi-structured format (PDF).

Finally, this is the first attempt to structure the knowledge in the domain
of EA Debt. This is a continuous effort; the ontology needs to be updated as
the field develops. Moreover, we plan to perform other actions to improve the
ontology, e.g., by interviewing researchers and practitioners to grasp concepts
not documented in scientific articles.
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