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Abstract

Over the past few decades, the field of Enterprise Architecture has attracted
researchers, and many Enterprise Architecture modeling frameworks have
been proposed. However, in order to support the different needs, the different
frameworks offer many different elements types that can be used to create an
Enterprise Architecture. This abundance of elements can make it difficult for
the end-user to differentiate between the usages of all the various elements in
order to identify what elements they actually need. Therefore, this research
analyzes existing Enterprise Architecture modeling frameworks and extract
the common properties that exists in the different Enterprise Architecture
modeling notations. In this study, we performed a Systematic Literature
Review that aims at finding the most commonly used Enterprise Architecture
modeling frameworks in the Enterprise Architecture literature. Additionally,
the elements defined in these frameworks are used to create a taxonomy based
on the similarities between the different Enterprise Architecture Frameworks.
Our results showed that TOGAF, ArchiMate, DoDAF, and IAF are the most
used modeling frameworks. Also, we managed to identify the common
elements that are available in the different Enterprise Architecture Frameworks
mentioned above and represent the common elements in a multilevel model.
The findings of this study can make it easier for the end-user to pick the
appropriate elements for their use cases, as it highlights the core elements of
Enterprise Architecture modeling. Additionally, we showed how our model
can be extended to support the needs of different domains. This thesis
also forms the foundation for the development of an Enterprise Architecture
modeling framework that can be customized and extended so that only the
relevant elements are presented to the end-user.

Keywords

Enterprise Architecure, Enterprise Architecure Framework, Multilevel Mod-
eling, Taxonomy
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Sammanfattning

Under de senaste decennierna har omradet for foretagsarkitektur lockat fors-
kare och manga modelleringsramverk for foretagsarkitektur har foreslagits.
Men f6r att stodja de olika behoven erbjuder de olika ramverken ménga olika
elementtyper som kan anvdndas for att skapa en foretagsarkitektur. Detta
overflod av element kan gora det svart for slutanvdandaren att skilja mellan
anviandningen av alla de olika elementen for att specificera vilka element de
behover. Darfor analyserar denna forskning existerande modelleringsramverk
for foretagsarkitektur och extraherar de gemensamma egenskaperna som finns
i de olika modelleringsnotationer for foretagsarkitektur. I den hir studien
genomforde vi en systematisk litteraturgenomgéng som syftar till att hitta
de mest anvinda modelleringsramverk for foretagsarkitektur i litteraturen
av foretagsarkitektur. Dessutom anvinds de element som definieras i dessa
ramverk for att skapa en taxonomi baserad pd likheterna mellan de olika
ramverk for foretagsarkitektur. Vara resultat visade att TOGAF, ArchiMate,
DoDAF och IAF ir de mest anvinda modelleringsramarna i de studier vi
undersokte. Sedan lyckades vi identifiera de gemensamma elementen som &r
tillgdngliga i de olika ramverk for foretagsarkitektur som ndmns ovan och
representera de gemensamma elementen i en flernivimodell. Resultaten av
denna studie kan gora det littare for slutanvdndaren att vilja de ladmpliga
elementen for sina anviandningsfall, eftersom den belyser kdrnelementen i
modellering av bedriftsarkitektur. Dessutom visade vi hur vir modell kan
utokas for att stodja behoven hos olika dominer. Dessutom tjdnar denna
avhandling som en grund for utvecklingen av ett modelleringsramverk for
foretagsarkitektur som kan anpassas och utokas s att endast de relevanta
elementen presenteras for slutanviandaren.

Nyckelord

Foretagsarkitektur, Ramverk for Foretagsarkitektur, Flernivimodellering,
Taxonomi
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Chapter 1

Introduction

1.1 Background

Although the direction towards digital transformation and the increasing
complexity of IT systems has improved the organizations in different aspects,
it has brought some challenges. The disconnect between the business and
IT and the ever-changing environment are two of the major challenges for
enterprises to achieve their business strategy. Moreover, the stakeholders
within an enterprise have different needs that should be addressed by both
the business and IT. All of the above, has increased the need for Enterprise
Architecture (EA) which can help ensure that all the concerns of the different
stakeholders has been considered [1]. Additionally, several researchers in the
field claim that the implementation of EA is important to the organization’s
success [2] and to find the optimal mix of IT efficiency and business innovation
[3].

The idea behind the EA has originated and discussed since the 1960s [4].
Through the years, the concept of EA has evolved, producing a holistic view
that to align strategy, operations and technology of the organization in order
to achieve its business goals.

Using EA ensures better alignment with business objectives and consis-
tency across the organization, allows recognizing potential improvements [5]
and provides a general understanding of the enterprise [6]. Moreover, it
improves return on existing investments while minimizing the risk of future
investments [7].

An EA model is a representation of the EA of the whole enterprise that
often consists of multiple views and architectural models [1, 8]. The goal of
an EA model is to capture the most important components of an enterprise
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and the relations between them so that the current state of the enterprise can
be visualized, reviewed and future desired states can be planned [8].

1.2 Problem

In the past few decades, many researchers has been attracted to the field of
EA, and a plethora of different EA modeling notations has been proposed
[1, 7, 8,9, 10, 11]. Unfortunately, one can recognize the pollution of the
notations, including more and more different element types to satisfy the
different needs. For example, ArchiMate [1] includes more than 50 different
elements and the latest specifications. ArchiMate 3.0.1 introduced more than
15 new elements from its predecessor, such as “Events”, “Outcome”, and
“Capability” elements. Additionally, ArchiMate 3.1, has added another new
element, that is the ”Value stream”.

One problem with introducing more elements is that it will be difficult to
create a concise dictionary of elements definitions. According to ArchiMate,
the “Value Stream” is defined as “a sequence of activities that create an
overall result for a customer, stakeholder, or end user” [1]. This definition
is very similar to the “Business process” element, which is already included
in the previous versions of the specification. Despite the similarity in the
definition, they are intended to be used differently. The Value stream describes
the organization’s business model and value proposition, while Business
process describes it is operating model [1]. This similarity between the
different elements will mean that an end user will have to go through the full
specifications in order to determine what element to use or to understand an
existing model.

This abundance of elements can make it difficult for the end-user and
harder to differentiate between the uses of all the different elements in order to
specify what elements match their needs. In the context of Unified Modeling
Language (UML), Leroux et al. [12] argues that having a limited number of
elements (while allowing for extension) typically makes the notation richer
and easier to use. We argue that the same can be applied to EA modeling
notations, since it can also be considered as a modeling language [1].

1.3 Purpose

The goal of this research is to analyze existing EA modeling frameworks and
define the common properties that exists in the different EA notations. These
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properties typically include architectural elements, their attributes, and the
relationships between them [6].

Additionally, the common elements will be represented in layers of
metamodels that are capable of describing the different notations. This
will help provide a better understanding for how the concepts behind the
different elements and how they can interact with each other. This pyramid
of metamodels will be similar to the Meta-Object Facility (MOF) [13] that is
used for UML.

1.3.1 Research Questions

In order to achieve the goals of this study, this study will address the following
research question:

* What are the most commonly used EA modeling frameworks in
scientific research?

* What are the common properties of EA modeling that are present in the
different notations?

1.4 Delimitations

The scope of the project does not include creating a new notation, adding new
concepts to existing ones or creating a EA modeling tool. Instead, it will only
focus on analyzing existing notations.

Additionally, as part of the work to analyze existing Enterprise Architec-
ture Framework (EAF) and common elements, no interviews with enterprise
architects will be performed as part of this study. Instead, we will refer only
to the literature and the specification of the EAFs under study.

1.5 Structure of the thesis

This chapter provided an introduction to the problem we want to address in this
study. The rest of this report is divided into the following sections: chapter 2
presents the needed background, while chapter 3 details the methodology used
in this research. After that, chapter 4 consists of the results and its analysis,
which is then followed by the discussion of the results in chapter 5. Finally,
chapter 6 provides the conclusions and discuss the contribution of our work.
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Chapter 2

Background

This chapter provides basic background information about Enterprise
Architecture and describes some of the most used EAFs in academia and
research. Additionally, this chapter describes meta-modeling and how it is
used in the field of EA.

2.1 Enterprise Architecture

The field of EA has attracted a lot of attention during the years. Even though
there are a lot of research and articles concerning EA, there is no single
definition for the term EA [14]. Gartner, a well-known consultancy company
and the creators of the Garner Framework for EA [15], defines EA as [16]:

€«

The process of translating business vision and strategy
into effective enterprise change by creating, communicating and
improving the key requirements, principles and models that
describe the enterprise’s future state and enable its evolution.
The scope of the enterprise architecture includes the people,
processes, information and technology of the enterprise, and their

»

relationships to one another and to the external environment.

The term EA consists of two words; looking at the definition of these words
will provide a better understanding of what EA means. The term enterprise
with regard to EA refers to any collection of organizations (or groups of
people) working toward a shared set of goals and is defined by The Open Group
Architecture Framework (TOGAF) as [7]:
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“ The highest level (typically) of description of an organization
and typically covers all missions and functions. An enterprise
will often span multiple organizations. ”

According to ISO/IEC/IEEE 42010:2011 standard, ‘“‘architecture” is
considered as [17]:

“«

The fundamental concepts or properties of a system in its
environment embodied in its elements, relationships, and in the

»

principles of its design and evolution.

An EA provides a holistic view of an enterprise that incorporate both
business and IT perspectives that helps in achieving the business strategy
[7]. It makes communication much easier by making the organization more
transparent and guarantees that all the concerns of the different stakeholders
are addressed [1].

EA is typically expressed by a model that makes the EA visible and helps
in decision-making. In the terms of the ISO/IEC/IEEE 42010:2011 standard,
the EA model is what is called “Architectural description” [17]. EA models
usually have a temporal dimension in the sense that they allow visualizing
the current state, future desired state and planned transitional states of the
enterprise [8].

The EA model consists of several elements (such as processes, events, data,
or actors) and the relations between them. Due to the wide range of elements
that can be used, they are usually divided into multiple architectural layers.
Although layering is not exactly the same in the different literature, the typical
layers are strategy, business, application, software/data and hardware layers
[18, 1].

2.2 Enterprise Architecture Framework (EAF)

An EAF guides the process of creating an EA, and according to TOGAF an
architecture framework is defined as [7]:

“ A foundational structure, or set of structures, which can be used
for developing a broad range of different architectures. It should
describe a method for designing a target state of the enterprise in
terms of a set of building blocks, and for showing how the building
blocks fit together. It should contain a set of tools and provide a
common vocabulary. It should also include a list of recommended
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standards and compliant products that can be used to implement
the building blocks. ”

There are many EAFs that have been developed over the years. This
includes The Zachman Framework for Enterprise Architecture [2], The
Open Group Architecture Framework (TOGAF) [7], the (US) Department
of Defense Architecture Framework (DoDAF) [8], ArchiMate [1] and many
others. The Zachman framework was first introduced as a “Framework for
Information Systems Architecture” in 1987 [2] and then renamed by him to a
“Framework for Enterprise Architecture” in 1993 [19] as the term “Enterprise
Architecture” gained more interest [4].

Although a lot of enterprise architecture literature considers the introduc-
tion of the Zachman framework as the birth of the field of EA, Kotusev [4]
states that the idea has appeared earlier than that, specifically with the start of
the Business Systems Planning (BSP) methodology, “a method of analyzing,
defining and designing the information architecture of organizations” [20]
that was introduced by IBM in the 1960s [4]. They claim that a lot of the
ideas of modern EA are developed from the BSP methodology. They consider
the period from the start of the BSP until the introduction of the Zachman
framework (and PRISM framework before) the first generation of EA, and
they refer to it as pre-EA or BSP.

This study analyses some EA frameworks that are commonly used in
academia and research. In the remaining of this section, we introduce some of
the most popular EA frameworks.

2.2.1 TOGAF

TOGATF represents one of the most commonly used EA framework in the
recent years [21]. TOGAF is developed by The Open Group, and it has
been introduced since the mid-nineties of the last century. It is based on
the Technical Architecture Framework for Information Management (TAFIM)
which was introduced in 1994 and maintained by the US Department of
Defense [7]. TAFIM was retired only after few years from its introduction
[4], and explicit rights to build upon it were given to The Open Group [7].
According to Kotusev [4], the TOGAF standard is considered as the definitive
guide for modern EA.

One of the key parts of the TOGAF framework is the ADM, which
describes a process for creating EAs. The TOGAF ADM consists of
ten phases, one initial phases “Preliminary phase”, eight iterative phases,
and a “Requirement management” phase[7]. The ADM cycle is shown
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Figure 2.1: TOGAFArchitecture Development Method (ADM) cycle [7]

in figure 2.1 [7]. According to The Open Group, the different phases
of the ADM correspond to modeling different aspects of the enterprise.
The “Business Architecture”, “Information Systems Architectures”, and
“Technology Architecture”, are (as the name suggests) concerned with
modeling the business, information systems and technology infrastructure
of the enterprise, respectively. The other phases are related to modeling
the motivation and strategy of the enterprise (‘“Preliminary”, “Architecture
Vision”, “Requirement Management”), or modeling the implementation and
migration of the EA (“Opportunities and Solutions”, “Migration planning”,
“Implementation Governance”, and “Architecture Change Management™) [1].

The TOGAF standard defines the scope of an architecture in terms of time
period, depth (level of details), breadth (included processes), and architectural
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domains. According to TOGAF an EA should include the business, data,
application, and technology domains [7].

2.2.2 ArchiMate

ArchiMate is an EA modeling language that is introduced by The Open
Group. There are many enterprise architecture modeling tools that supports
the ArchiMate modeling language [22, 23, 24, 25]. ArchiMate specification
describes it as [1]

“«

A visual language with a set of default iconography for
describing, analyzing, and communicating many concerns of
Enterprise Architectures as they change over time ”

The ArchiMate framework consists of two dimensions, the layers and
the aspects. ArchiMate defines a layer as “an abstraction of the ArchiMate
Jframework at which an enterprise can be modeled.”, while an “Aspect” is
defined as a classification of elements using a set of characteristics that does
not correspond to a specific layer. Figure 2.2 shows the layers and aspects
of the ArchiMate framework. The core framework consists of three layers,
business, application and technology layers. While the full framework adds
the Strategy and the Implementation layers [1].

Passive Behavior Active Motivation
Structure Structure

Strategy

Business

Application

— Layers

Technology

Physical

Implementation
& Migration

[
Aspects

Figure 2.2: Layering and aspects of the ArchiMate Full Framework [1]
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The core framework defines three aspects, and the full framework adds the
motivation aspect. The aspects of the core framework includes the behavior
aspect, this represents an action “’verb” that can be performed by actors. The
actors that do the behavior are the second aspect, called active structure aspect.
The third aspect of the core framework is the passive structure aspect, which
are the objects that a behavior can be executed on. Some elements in the
ArchiMate language might not belong to a single aspect, these elements are
called composite elements [1].

From the above, the framework can be seen as a set of cells that classify
its elements. This allows creating multiple representations of the architecture
from the perspectives of different stakeholders. These different representations
of an EA are typically called viewpoints [1].

2.2.3 DoDAF

The (US) Department of Defense Architecture Framework (DoDAF) is yet
another framework that is developed by the DoD, as the name suggests, in
the mid-2000s. It is considered to be an evolution of the Command, Control,
Communications, Computers, and Intelligence Surveillance Reconnaissance
(C4ISR) architecture framework [26] that the DoD has developed in the
nineties as a successor for the TAFIM framework [27]. The DoD involvement
in EA is influenced by the Cohen Act of 1996, which “recognizes the need for
Federal Agencies to improve the way they select and manage IT resources and
states” [8].

DoDAF can be seen as a collection of methods and best practices
that guides the process of creating an architecture. This allows for a
common understanding when sharing different architectural artifacts within
the department [8].

DoDAF framework provides a 6-Step process to guide the architects in the
process of creating an EA. DoDAF stresses that the architecture development
process should be iterative, as additional requirements or knowledge may be
gathered [8].

The 6-Step process, as shown in figure 2.3, consists of initial requirements
and scoping phases. Then, followed by a typically repeated steps of
determining architecture characteristics, assembling architectural data and
objective analyses phases. Finally, the last step of the process is the result
presentation phase [8].

DoDAF focuses on supporting decision makers, by providing them with
the means to easily access important information for the underlying complex



Background | 11

Determine the

intended use of
the architecture

+Stakeholder Requirements
* Purpose
« Critical issues
* Target objectives
* Key tradeoffs

* Decision Points
* Probable analysis methods 7

Determine data Conduct

Collect, organize, Present

Determine requiredto Analyses in
Correlate, and
stopeot SUREOT store architecture supportof D Re_s_l.llts':nA\:(V
architecture architecture o architecture ec‘:zz&: or
development objectives

- Geographical, operational, Required architectural « Automated repositories « Shortfall Analyses « Architecture presentations and views
and functional bounds Characteristics. « Activity Models * Capacity Analyses +Reusable architecture data

* Technological bounds « Architectural data entities + Data Models * Interoperability assessments  + Analysis reports

+ Time frame(s) *Levels of detail + Dynamic Models +Business Process analysis

+ Architecture resource + Units of measure + Organizational Models « Test architecture completeness,
and schedule constraints « Associated Metadata « Metadata registration accuracy, and sufficiency

Figure 2.3: DoDAF 6-Step Architecture Development Process [8]

architecture. DoDAF aims to present the information in a way that is
understandable for the different stakeholders. This is done by the use of
viewpoints, which allows different parts of the organization to focus on a
specific part of the architecture while keeping an eye on the whole picture
[8]. The DoDAF defines eight viewpoints that are shown in Figure 2.4 [8].

2.2.4 |AF

The Integrated Architecture Framework (IAF) was developed in 1993 by the
consultancy company called Capgemini*. According to Wout et al. [11], the
framework is based on the experience of their architects working of multiple
projects for different clients. Additionally, they stated that the IAF is already
used in thousands of projects and is adopted by companies and organizations
outside Capgemini.

The IAF offers a set of processes to support the development of different
types of business and technology architectures. In addition to that, it focuses
on the architecture content by specifying the concepts that are to be used in

* Capgemini IT services and consulting company - http://capgemini.com/
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Figure 2.4: DoDAF Viewpoints [8]

architecture development [11].

Before IAF was developed, Capgemini applied what they call Architecture
Development Method (ADM) - different from TOGAF ADM - for technology
infrastructure architecture. The first version of IAF incorporated the ADM
and on top of it included a methodology to support client-server applications
architecture, Architecture Design for Distributed Information Systems (AD-
DIS) [11].

The second version of IAF did not focus only on client-server architecture,
and focused on information systems architecture in general. Additionally, the
second version also introduced the contextual layer [11].

The third version of the IAF introduced a four layers architecture by
formalizing the Business and Information architecture, in the IAF terms these
layers are called aspect areas. The four aspect areas are business, information,
information systems, and technology infrastructure. These four aspects are
basically the same aspects that are in the current version of the IAF content
[11]. Figure 2.5 depicts the IAF content.

In addition to the four aspect areas, the IAF content framework includes
four abstraction levels. The abstractions levels follows the questions ‘why?,
what?, how?, and with what?’. As can be seen from figure 2.5, the abstraction



Background |13

Ewhyi

Business Information || Information || Technology
‘What’ systems ||infrastructure
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‘With what’

Figure 2.5: IAF content framework [11]

levels helps in splitting ‘one problem’ (an aspect area) into smaller ones that
can be addressed separately [11].

According to Wout et al. [11], the IAF have an impact on the recent
TOGAF releases. Capgemini used some ideas from the IAF into its
contributions to TOGAF that started when they stated participating in the
open group in 2008. TOGAF 9 has introduced a content framework, while
previous versions mainly focused on the ADM[28]. Since the IAF focuses on
architecture content, the TOGAF content framework incorporated some of the
elements from the IAF content framework [11].

2.3 Meta-Modeling

In order to define the term meta-modeling, we look at the definition of a
“model” and the “meta” prefix. According to the Object Management Group
(OMG), a model can be defined as “ A formal specification of the function,
structure and/or behavior of an application or system” [29]. The aim of
using models is to help describe the system to the different stakeholders and
to facilitate the communication between them [30].

Kiihne [30] claims that adding the “meta” prefix indicates that an operation
is performed twice. Consequently, a metamodel can be defined as “a model
of models” [29], and meta-modeling is the process of creating a metamodel.
Similarly, a meta-metamodel can be defined as a model of metamodels.

According to Kiihne [30], a metamodel for model M should not model the
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content of M, instead it should model the language that is used to model M.
This conforms to the stricter OMG [31] definition of a metamodel as:

“ A metamodel is a model that defines a modeling language and
is also expressed using a modeling language.

In the field of enterprise architecture, modeling is considered to be a focus
of many EAFs, while some other frameworks focus on the process of creating
and managing an EA [6]. An EAF defines a metamodel in order to define a
structure for the architectural artifacts and ensure consistency when using them
to develop an EA [7, 8, 11]. Additionally, it allows architecture tools vendors
to create an easier to use tools by adding consistency and interoperability to
the tools they create [28].

The metamodel of an EAF is defined by defining the allowed content in
an architectural model. The content consists of the entity types (architectural
elements), element attributes and the relationships between the different
elements [6, 1, 7, 8, 11]. Some frameworks even define the graphical
representation of it content, e.g. ArchiMate [1, 32], while others only define
the allowed entities and the relations textually [7, 8, 11].

Most EAFs doesn’t provide a meta-metamodel [1, 7, 8], however, Atkinson
et al. [32] claims that using meta-metamodel (deep modeling) can improve an
EAF by making its metamodel easier to understand and use. Additionally, they
show that, for ArchiMate, even though there is no explicit meta-metamodel
defined with the standard, it can be noticed that the ArchiMate metamodel is
actually defined following a meta-metamodel. In their study, they also use the
term “Multilevel model” to refer to the deep metamodel. A multilevel model
is a metamodel that supports representing multiple classification levels in a
single model and allow for deep instantiation [33].

2.4 Related work

In this section, we look into some of the existing literature that is related to this
study. We focus on the literature about the EAFs and, specifically on previous
Systematic Literature Reviews (SLRs) about EA and EAFs, in addition to
literature about metamodeling in EA.

Hadaya et al. [34] proposed a methodology to evaluate EAFs that consists
of 14 criteria. Their goal was to make it easier for EA practitioners to
select the best framework that address their needs. In their study, they first
performed a SLR on EAFs evaluation criterion. Findings from their SLR
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showed that previous EA literature does not define a comprehensive evaluation
criteria for EAFs. The evaluation criteria they developed contains features like
architecture layers taxonomy, architecture taxonomy aspect areas, metamodel
completeness and complexity, development process, and others.

After the evaluation criteria is developed, they tested it with a set of six
EAFs. For the purpose of this experiment, they selected EAFs that are cited
often in EA literature and that the experiment participants had experience
with. The six framework they used are the Zachman framework [2], The Open
Group Architecture Framework (TOGAF) [7], Federal Enterprise Architecture
Framework (FEAF) [9], (US) Department of Defense Architecture Framework
(DoDAF) [8], Enterprise Architecture Planning (EAP) and The Enterprise
Architecture IT Project. At the end of the experiment, the participants
perceived most of the proposed criteria to be usable, relevant and correct [34].

Zhou et al. [35] performed a SLR on EA visualization methodology. In
their study, more than a hundred paper have been included in the literature
review. The result of their SLR showed that there is no comprehensive
methodology for EA modeling in the selected studies. As part of their work,
they also proposed a novel method for EA visualization that aims to address
the shortcomings of the previous methods.

According to Zhou et al. [35], the most used EAFs in the selected studies
were TOGAF and DoDAF with more than sixty studies using TOGAF and
about twenty using DoDAF. Additionally, they also reported that ArchiMate
was the most used modeling language, with more than forty papers using it.

Another SLR performed by Saint-Louis et al. [14] in order to investigate
the deviations in EA definitions. Their study examined 145 definitions that
have been collected from journal articles, and they concluded that there are
considerable differences in the definitions.

Franke et al. [6] suggested a meta framework for EAF. This framework
enables practitioners to examine if the content of a specific EAF satisfies their
needs. They divided the content of EAFs into “architectural governance”
and “EA modeling concepts”. As part of the study, the content of multiple
EAFs has been examined and the selected frameworks were classified using
the proposed framework. The classification showed EAFs does not offer the
same set of features and that different frameworks focus on different aspects
of EA.

Additionally, Cameron et al. [15] investigated the usage and characteristics
of various EAFs to provide a method for selecting the right EA for an
organization. The study employed survey responses of 276 professionals
working on their organization’s EA to build a criterion for choosing the
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suitable EAF.

Another study that aims to help practitioners select the EAF that satisfies
a specific criterion, is the study performed by Urbaczewski et al. [36]. Five
frameworks were included in this study, namely the Zachman framework,
TOGAF, DoDAF, Federal Enterprise Architecture Framework (FEAF), and
Treasury Enterprise Architecture Framework (TEAF). In their study, they
provide guidelines for comparing EAFs based on the viewpoints and the
aspects they support.

Atkinson et al. [32] on their paper suggested improving the ArchiMate
modeling standard through the use of multilevel modeling. The study
used deep modeling to describe ArchiMate and then discuss the potential
improvements using the concepts of deep modeling in EA. They claimed that
deep modeling can simplify the usage of the ArchiMate language and improve
its expressiveness.

At KTH, many studies has been conducted in the field of EA. EA
research at KTH has focused on the analysis of EA, specifically on
assessing non-functional requirements such as quality [37, 38], modifiability
(maintainability) [39, 40], and more [6, 41].

2.5 Summary

In this chapter, the relevant literature has been presented. The related work
section showed the focus of the literature on helping practitioners navigate the
jungle of EAFs by allowing them to choose the best-fit framework for their
purpose. However, there is still a gap in analyzing the modeling elements of
the EAFs, as the abovementioned studies only focused on the general content
offered by the EAFs. In this study, we aim to analyze and classify the elements
of the commonly used EAFs, and determine the core elements of EA modeling.
Additionally, the background and history of multiple EAFs has been
presented as well. Since this study analyzes the architectural content of EA
modeling, only the EAFs that have an available metamodel are considered.
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Chapter 3
Methodology

This chapter provides an overview of the research methodology that is used
in this research. Section 3.1 describes the overall research process. In this
study, a SLR was performed in order to find the most commonly used EA
modeling frameworks. Section 3.2 details the approach used to perform a
SLR. Finally, Section 3.3 focuses on the taxonomy development method that
is used in this research in order to create a taxonomy of the elements that the
different frameworks provide.

3.1 Research Process

In order to answer the research question, the work on this study has been

divided into 4 phases, as shown in figure 3.1.
Present

Taxonomy Development

. Systematic Analyze 1 %
—» Literature (- Add elements
% Metamodels |
Ri from an EAF
Qwewiﬁ ’

F

f@p elements
and identify
characteristics
and dimensions

Figure 3.1: Research Process
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The first step is to study the relevant literature about enterprise architecture
in general, and the provided metamodels of the commonly used EAFs. In order
to do so, a SLR has been conducted following the guidelines of Kitchenham
et al. [42]. The exact methodology for the SLR is described into more details
in section 3.2. The outcome of this step was a set of EA modeling frameworks
that each of them provides a publicly available metamodel.

Secondly, the most commonly used EAFs were selected, and their
metamodels were studied and analyzed in order to come up with a list of the
entity types that are supported in the selected modeling frameworks.

After that, Nickerson et al. [43] was used to classify the elements into
a taxonomy. The classification was based on the similarities between the
different EAFs. Section 3.3 describes the taxonomy development method
which consists of multiple iterations to define characteristics group elements
from the different EAFs.

Finally, the elements and the taxonomy were reported, presented and
discussed.

3.2 Systematic Literature Review

A SLR is “a methodologically rigorous review of research results that aims to
aggregate all existing evidence on a research question” [44]. In the evidence-
based research paradigm, SLR is regarded as the primary synthesis method
of existing research related to a specific topic [44]. A SLR is considered to
be a “secondary study” that examines all the “primary” studies relevant to the
research question of the SLR[42].

The evidence-based approach was initially started in medicine domain, and
shortly after that, multiple other domains started adopting it [45], including
software engineering. In 2004, Kitchenham et al. [45] suggested that software
engineering should also join the evidence-based movement, Evidence-Based
Software Engineering (EBSE).

There are multiple guidelines issued by different institutions on how to
conduct a SLR in a specific domain [45]. In this research, we followed the
guidelines published by Kitchenham et al. [42] that focuses on, and widely
used for SLR in the field of software engineering. Additionally, multiple
SLR in the field of EA are using the methodology (e.g. [35, 46, 47]) as the
two fields have some common activities, such as modeling. The guidelines
were followed in order to conduct a SLR that aims at identifying the EA
modeling frameworks that are commonly used in research and that provide a
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public metamodel. Kitchenham et al. [42] divides the SLR into three phases,
planning, conducting, and documenting the review.

3.2.1 Planning the review

Planning the review, is concerned with defining and formulating the research
question(s) and the review protocol [48]. The review protocol defines the
methods of conducting the SLR, this includes defining search strategy, study
selection procedure and quality assessment procedure among other steps. The
planning phase should also include an initial step that confirms the need for
the SLR [42].

This study defines two research questions in section 3.1, however the SLR
is intended to address only the first research question. The aim of the research
question is to assess the adoption of a technology, that is, the different EAFs.

Additionally, the research question structure is as follows:

Population: Not restricted.

Intervention: Specific EAF

* Comparison: Other methodologies or EAFs

Outcomes: EAFs usage

3.2.2 Conducting the review

While conducting the review, the following steps were followed as per
Kitchenham et al. [42] guidelines:

Identification of Research

In order to identify the primary studies related to this SLR, the following search
strategy was defined. The electronic sources below were used to perform the
search:

ACM Digital library dl.acm.org

Google Scholar scholar.google.se

IEEExplore ieeexplore.ieee.org

ScienceDirect www.sciencedirect.com


http://dl.acm.org
http://scholar.google.se
http://ieeexplore.ieee.org
www.sciencedirect.com
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* Springer Link link.springer.com

Moreover, the following search terms were used to find relevant studies,

2 3

“enterprise architecture management”, “enterprise architecture framework”,
“enterprise architecture modeling”, “enterprise architecture implementation”,
and “developing enterprise architecture”.

Each of the above search term produced tens of thousands of results for
each of the electronic sources. For each electric source, the results were
sorted by relevance to the search term (an estimation of how much a specific
document in the results is related to the search query [49]). After that, the top
20 papers were selected for the SLR. A total of 500 studies have been identified

using the search strategy described above.

Selecting primary studies

In order to be able to select only the relevant studies from the results of
the above search strategy, the following inclusion and exclusion criteria were
defined:

e Inclusion criteria:

Studies in English.
Studies with full text available using KTH access.
Research articles, conference proceedings, and book chapters.

Studies with focus on EAFs.

A e

Studies aiming to apply concepts from, address limitations of, or
critically evaluate an EAF.

e Exclusion criteria:

1. Studies not in English.

2. Secondary studies, i.e. excluding any SLR.

Assessing the quality of the selected studies

In addition to the inclusion and exclusion criteria, the following criteria were
set to assess the quality of the selected studies.

1. Is the goal of the study stated and explained?

2. Is the context in which the study was performed described?


http://link.springer.com
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Figure 3.2: Number of studies performed by year

3. Is the choice of the selected EAF(s) motivated?
4. TIs the direction for future work discussed?

5. Is the validity and reliability of the study discussed?

After applying the inclusion and exclusion criteria and ignoring duplicate
studies, 78 studies has been included in the SLR. The selected studies were
conducted between 2004 and 2021. Figure 3.2 shows the number of selected
studies by year. The figure shows an overall upward trend in the number of
studies matching our search terms, which might reflect a general increase in
EA research. The full list of studies that are included in the SLR is shown in
Appendix A.

Extracting data from the selected studies

In order to be able to answer our research question, data about EAFs usage has
been extracted from the primary studies. Table 3.1 shows the data form that
was used to record the data from the selected studies.

Data item Value

Study Identifier

Industry

Used EAFs

Have other EAFs been considered?
If yes, which ones?

Table 3.1: Data form
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Table 3.1 only shows what data points were collected from the studies. The
collected data from the selected studies using the data form above is shown in
Appendix B.

Synthesizing the extracted data

After collecting the data from the primary studies, the results have been
summarized. The synthesized data is presented in chapter 4.

3.2.3 Documenting the review

The last phase described in the guidelines is concerned with documenting
the review in a form of report and evaluating the report [42]. In this study,
we slightly deviate from the report outline presented in the guidelines [42].
The main difference is that the review questions chapter is moved into the
introduction chapter (1) and the included studies were only listed in the
Appendix (A). This is mainly in order to incorporate the parts of the research
questions that are not answered by the SLR. Finally, the evaluation of the report
is left to be performed as part of the examination for master’s degree theses
(includes a peer review).

3.3 Taxonomy development

Taxonomy development is the process of classifying or categorizing objects
into different groups or taxonomies. Classification is considered to be a
fundamental problem in a lot of disciplines. In this study, we want to classify
the elements that are available in the selected EAF metamodels based on
the similarities between those frameworks. An elements’ taxonomy will
help to determine what element types each framework offer. Additionally,
it will be important when extracting common elements between the different
frameworks, since the different frameworks provides elements on different
abstraction levels.

There are multiple approaches that can be followed in order to generate a
taxonomy, e.g. [43, 50, 51]. In this study, Nickerson et al. [43] was followed
to generate the taxonomy. It is a widely used methodology in information
systems literature, with over 700 citations to date.

Nickerson et al. [43] method works by first defining a basis for the choosing
characteristics, i.e. meta-characteristic and end conditions. It supports
conceptual-to-empirical, empirical-to-conceptual, or a combination of both
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approaches. These approaches are typically used multiple times until the
end conditions are met, and a different approach can be chosen in each
iteration. The approach in each iteration is typically determined by assessing
the availability of data versus the researchers’ knowledge of the domain [43].
The taxonomy development method proposed by Nickerson et al. [43] is shown

in the figure 3.3.

I 1. Determine meta-characteristic |

i

I 2. Determine ending conditions |

Empirical-lo-conceptual Conceplual-to-empirical

3. Approach?

4 A

de. Identify (new) 4c¢. Conceplualize (new)

subset of objects characteristics and dimensions of objects
Se. Identify common characteristics 5c. Examine objects for these

and group objects characteristics and dimensions

6e. Group characteristics into
dimensions to create (revise) 6c. Creale (revise) laxonomy
Laxonomy

7. Ending conditions met?

Figure 3.3: Nickerson et al. [43] taxonomy development method

The following meta-characteristic is defined and used to generate the
characteristics of the taxonomy, “Structural elements similarities between the
different metamodels”. This meta-characteristic is related to the goal of the
second research questions defined in section 1.3.1.
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We based our ending condition on those defined by Nickerson et al. [43].
In this study, the taxonomy development method will end when the following
ending conditions have been met:

¢ All elements for the selected EAFs are examined.

e For all dimensions, each characteristic have at least one element
classified under it.

* All dimensions and characteristics are unique.

e In the last iteration, no modification, additions or deletions has been
made to the dimensions nor the characteristics.

* The taxonomy is comprehensive, extensible, and concise.

In this study, we followed the empirical-to-conceptual approach. The
reason for that is the fact that we have the elements that each of the EAFs
includes in its metamodel. In total, three iterations were performed using this
approach. The first iteration included elements from two of the selected EAFs
(TOGAF and ArchiMate), and each of the following iterations added elements
from one additional EAF (DoDAF and IAF, in that order). The characteristics
that resulted from these iterations are described and divided into dimensions
in table 3.2 below.

By classifying elements from the different EAFs using the dimensions
shown in table 3.2, we addressed the issue that the different frameworks
have elements at different abstraction levels. This has helped in identifying
the common elements between the different EAFs. Finally, a hierarchical
structure for the common elements (including abstraction levels) was created
and used to create a multilevel model for the common elements. Both
the elements’ hierarchical structure and the multilevel model are shown in
section 4.2 of the results.
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Tteration | Dimension | Characteristics

The element describes or used by a business activity
(Business).

The element describes data that is owned or used by
the organization (Data).

Layer The element describes or used by the organization’s
information systems (Application).

The element describes or used by the organization’s
infrastructure (Technology).

1 The element can describe or be used by an orga-
nization business activity, information systems, or
infrastructure (Generic).

The element is a behavior that is performed within, or
in relation to the organization (Behavior)

Behavior | The element is something that belongs, or related to
the organization (Resource).

The element is the reason for a business, or architec-
tural decision within the organization (Motivation).

The element refers to a work or action that can be done
in relation to the organization (Activity).

The element describes an ability to perform an action
(Ability).

The element refers to something has happened or can
happen (Event).

2 Behavior® | The element refers to someone or something that can
perform an action (Performer).

The element refers to something that is used or
produced by an action (Object).

The element describes a desired result of performing
an action (Desired Result).

The element provides guidance on why or how an
action should be performed (Guidance).

The element describes the reason or the context of an
architectural or business decision (Why).

The element describes a concept or a requirement
(What).

3 W3H The element describes a logical structure that fulfills
a requirement (How).

The element is a real life physical element (With
What).

“ In the second iteration, the behavior dimension has been changed to include
more granular characteristics.

Table 3.2: Taxonomy characteristics in the different iterations
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Chapter 4

Results and Analysis

In this chapter, we present the results and discuss them. The results are divided
into two sections, each section dedicated to the results related to one of our
research questions.

4.1 Most used EA modeling frameworks

As shown in chapter 3, in order to find the most used EA frameworks in
scientific research, a SLR was performed and required data was collected from
the relevant studies using the data form shown in table 3.1. After synthesizing
the collected data (Appendix B, the result showed that the most used EAF is
TOGAF with 40 study using it. The second most used EAF is ArchiMate with
37 studies. Table 4.1 show the top 10 used EAFs in the selected studies using
the EAF.

After identifying the most used EAFs in the selected studies, each
framework is then analyzed in order to identify which EAFs focuses on EA
modeling. The material that is used in the analysis includes the different EAFs
specifications [1, 7, 8, 11, 9, 52, 10].

The Zachman framework, and Gartner Framework are considered
proprietary frameworks [34] so they were not included in the analysis.
Additionally, TEAF was also be excluded as it doesn’t have any specification
available at the time of this study, even though previous research has cited a
specification from the U.S. Department of the Treasury website”.

On the other hand, Generalised Enterprise Reference Architecture
and Methodology (GERAM) (released as ISO15704) provides a set of
requirements that other EAFs should meet. Thus, the framework is actually

* https://www.treasury.gov/cio
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EAF Number of studies
TOGAF 40
ArchiMate 37
Zachman 22
DoDAF 15
FEAF 12
IAF 4
Gartner 3
MODAF 3
TEAF 2
GERAM 2

Table 4.1: Most used EAFs in the selected studies

considered to be a meta-framework, and is intended to aid the development of
EAFs [52, 53]. Moreover, many studies have analyzed and mapped existing
EAFs to GERAM, such as [54, 55, 56, 57, 58, 59].

The following list shows the identified EA modeling frameworks that are
used the most in the studies included in the SLR:

1. TOGAF

2. ArchiMate

3. DoDAF

4. FEAF

5. IAF

6. The (British) Ministry of Defence Architecture Framework (MODAF)

Even though the FEAF is included in the list above, as it focuses on EA
modeling, it doesn’t provide a metamodel for the architectural content. The
framework instead provides a set of reference models.

4.2 Elements Taxonomy and Common Ele-
ments

As mentioned in chapter 3, the elements from TOGAF, ArchiMate, DoDAF,
and IAF are used to create a taxonomy of elements. The taxonomy is created
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in three iterations, and has the three dimensions, “Layer”, “Behavior”, and
“W3H”.

The “Layer” dimension classifying items into business, data, application,
technology and generic elements. On the other hand, the “Behavior”
dimension classifying items into behavior (ability, event, activity), resource
(performer, object), and motivation (guidance, desired result) elements.
Similarly, the “W3H” dimension classifies elements into contextual (Why),
conceptual (What), logical (How), and physical elements (With What).
Figure 4.1 provides a visual representation for the created taxonomy.
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Figure 4.1: Taxonomy dimensions

Table 4.2 shows the final result of the created taxonomy for the common
elements in the different frameworks. Each column in the table represents
a characteristic of the taxonomy, and the characteristics are grouped by the
dimensions mentioned above. An element (row) can be classified in one and
only one of the characteristics of each dimension (marked with an x). The
final taxonomy result shows that within the common elements of the four
EAFs, most elements focus on describing the business aspects, activities, and
concepts when looking at the “Layer”, “Behavior”, and "W3H” dimensions
respectively. The classification of the elements during the different iterations
of the taxonomy development is available in Appendix C.
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Element

Layer

Behavior

Ab

Ac

E

O

P

DR

Ct

Role

X

Actor

X

Data

Business Object

Business Service

Application Ser-
vice

MR R

Technology Ser-
vice

Business Event

Goal

Objective

Organization Unit

Physical Applica-
tion Component

Physical Technol-
ogy Component

Contract

Business Process

P

Logical Business
Component

Logical Applica-
tion Component

Logical Technol-
ogy Component

Principle

Requirement

Constraint

Course of Action

Capability

>

Project

X

X

Layer: B Business, P Data, * Application, T Technology, ¢ Generic.

Behavior: “° Ability, A Activity, ¥ Event, © Object, ¥ Performer,
DR Desired Result, © Guidance.

W3H: ¢ Contextual, “° Conceptual, “ Logical, ¥ Physical.

Table 4.2: Classification of the common elements
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As mentioned in section 3.3, the taxonomy above provided a common
abstraction for the different frameworks. After the taxonomy was created, the
closest concepts (elements) in the different frameworks were grouped together
to find the common elements that are shown in table 4.2.

Tables 4.3 provides some examples for mapping the closest concepts in
the different EAFs. The table shows that even though some concepts are not
explicitly available in a framework, some more granular elements fall under
it. For example, TOGAF doesn’t explicitly define an abstract “Performer”
element, but as the taxonomy above shows, there are multiple elements
available in TOGAF that can be classified as “Performers”. The same thing
can be noticed in TOGAF again with the “Business Object” element, there is
no “Business Object” defined, but both the “Contract” and ‘“Product” elements
falls under “Business Object” definition.

On the other hand, DoDAF uses the same term to describe both physical
and logical application components, while other frameworks provide separate
elements. Similarly, IAF uses the term “Business Service” to describe both

externally exposed business service and internal business processes.

Concept TOGAF ArchiMate DoDAF IAF
Business Business Business Service Business
Service Service Service Service
Business Process Business Process Business
Process Process Service
Logical Logical Application | System Logical IS
Application | Application | Function Component
Component | Component
Physical Physical Application | System Physical IS
Application | Application | Component Component
Component | Component
Performer HEE Active Performer Hokk
Structure
Business HEE Business Information | Business
Object Object Object
Driver Driver Driver N/A Business
Driver

NA Concept not available in the EAF.
“** Concept not explicitly available, but multiple elements fall under it.

Table 4.3:

An Extract from mapping the closest concepts in TOGAF,
ArchiMate, DoDAF and IAF
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Figure 4.2 shows the hierarchical structure of the common elements
identified. At the top elements are divided into Behavior, Resource and
Motivation elements, i.e. using the Behavior dimension. Then elements are
divided into different layers, Business, Data, Application, and Technology
layers.

Element
A
Behaviour Resource Motivation
A
. Desired
D> Event [ |Performer Object <+
Result
A A
Ability [ Guidance
A
> Activity [
Logical | | Goal
Business . Component
Event Capability 1’; O
Objective
— Role - —Requirement
Loaical Business .
Process H I Business —  Actor — . — Constraint
Component ObJeCt
. Logical Physical .
: > Service H — Application — Y — Contract — Principle
Business Component Component
Process — A
Course of | | _-ogica
Acti — Technology
- ction
Business | Conzernai
Service o
Project [ Orgamz_atlon_ Business Layer
Application a Unit [ Data Layer
Service Physical [] Application Layer
Application Technology Layer
Technology Component [ Motivation Elements|
Service N Physical [ Generic Elements
Technology —
Component

Figure 4.2: Structure of common Elements
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When creating the multilevel model for the common elements, we use the
hierarchical structure of the element shown in figure 4.2 to assign elements
to their corresponding level. Elements at the lowest level are assigned to M2
* and with each level we increase the model level until we reach M6 for the
top abstract element “Element”. Figure 4.3 shows the multilevel model for
the generic common elements. On the other hand, figure 4.4 shows the rest
of the multilevel, which includes the elements from the different layers. In
both figures, the relationships between the elements were derived from those
defined by TOGAF, ArchiMate, and DoDAF metamodels.
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L—. H .
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Figure 4.3: Multilevel model for generic common elements, M3-M6

* MO and M1 has not been assigned to any of the elements, since they typically refer to the
real-world user objects and the elements of a specific EA model, respectively.



34 | Results and Analysis

Business Layer
- Data Layer decomposes
[ "] Application Layer m
[T Technology Layer Guidance
[ Motivation Elements A decomposes
realizes
: M3
Course ui
realizes,.......o:-- Action
: influences
Vv M3
Principl Constraint -
rinciple onstrain -
P Capability = influences
....................... rEaliZeS""""'""""""""'""""""""'""""""""._
M3 H
i deilivered by
: __— Role :
participates in 1‘
follom assigned to
- M2 M3 Y M3
Business Logical
Actor Business
/Proces§\ / Component -
produces or generated or generated or
consumes resolved by resolved by bEIOHﬁ‘ owns
T M3 L M2
Business Business Organization constraints
Object Event Unit :
A \ AN P realizes
pcrg:gSSner resolved by owned by :
M3 \ \4 - /Mz
Business <
: Contract ——governs—» .
realizes Service <
~’ AL |
o implemented on:
el realizes” T,
E realizes
: e M3) 2
Applicati Logical . realizes Physmal
aCCess— S realizes: Application (] Application
Service Component Component
served by
decomposes or 4ﬁ M2
relafes to Logical . realizes Phy5|cal
Technology <J-=eereeeeeees Technology
Component Component

Figure 4.4: Multilevel model for layered common elements, M2-M4
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Chapter 5

Discussion

In this chapter, we discuss the results presented in chapter 4 and how they
are connected to previous work. We start by discussing the findings of our
research questions and the implications of those findings. We then follow by
discussing the limitations of our work, threats to validity, and what future work
can be done in relation to this study in section 5.1, section 5.2, and section 5.3
respectively.

The first research question of this study aims at identifying the most used
EA modeling frameworks in the relevant literature. In order to answer that
question, a SLR was performed as detailed in secion 3.2. The result of our SLR
showed that in the selected studies, the most used EA modeling frameworks
are TOGAF, ArchiMate, DoDAF, FEAF, IAF, and MODAF, in that order.

Our findings support the claims of previous studies [15, 60, 21] that
TOGAF is the most used EAF and that it is considered the go-to EAF. The
results showed that both TOGAF and ArchiMate are significantly more used
than the other EAFs. More than half the studies included in the SLR used
TOGAF and almost half of them used ArchiMate as shown in table 4.1.
Additionally, Appendix B shows that about 20% of the studies used both EAFs
combined.

When looking at previous studies that classify EAFs into modeling and
non-modeling frameworks [6, 61, 60], we can see that their findings supports
the result shown above to a high degree. However, all the studies we found
didn’t consider IAF in the list of EAFs that were classified. This might
be because IAF, compared to the others, has not been used as much in the
literature as per our SLR findings. Additionally, studies performed before
2011 didn’t consider TOGAF to support architectural modeling, as previous
versions of it didn’t include the content metamodel that was added in 2011.



36 | Discussion

The goal of the second research question is to identify common
architectural elements in EA modeling frameworks. In order to do this, we
first had to identify EAFs with a publicly available metamodel that describes
the available elements to include in an EA. This resulted in the following
list, TOGAF, ArchiMate, DoDAF, TAF, and MODAF. Only FEAF has been
excluded from our list of top used EA modeling frameworks that has resulted
from the first research question. The reason for that is that FEAF only focuses
on reference models and does not provide a metamodel as mentioned in the
results above. Additionally, MODAF was also not included when analyzing
the common elements, this is mainly due to time limitation as it is, compared
to the others, the least used EAF as the SLR showed. Add to that, the fact that
MODAF has been withdrawn at the beginning of 2021 and replaced with the
NATO Architecture Framework (NAF) [10].

Accordingly, TOGAF, ArchiMate, DoDAF, IAF has been examined to
identify the common element and the first step into that direction was to
create an elements’ taxonomy as shown in section 3.3. The created taxonomy
consists of the three dimensions that are shown in figure 4.1 (Layer, Behavior,
W3H). It can be seen that there is a similarity between our taxonomy
dimensions cube and the ArchiMate layers shown in 2.2 as well as the IAF
content framework abstraction levels shown in figure 2.5. The reason for this
is that our taxonomy is developed such that it detects the similarities between
the different frameworks, the meta-characteristic of our taxonomy.

The “Layer” dimension is influenced by TOGAF, IAF, and Archimate
since DoDAF doesn’t provide a classification for the elements into different
layers like the other EAFs does. The dimension includes business, application,
and technology layers which are available in all the three EAFs as well as
the data layer which is included in both TOGAF and IAF. Similarly, the
“Behavior” dimension is influenced by the aspect areas of ArchiMate, also
shown in figure 2.2, and the elements from DoDAF. Our dimension have
more granular characteristics than the ArchiMate aspect areas, mainly thanks
to the high level abstract elements available in DoDAF; such as “Activity”
and “Desired Result” which group multiple concepts together. The last
dimension is what we call “W3H” which is derived from how IAF, and to
some extent TOGAF, group their elements into conceptual, logical, physical,
and contextual elements.

The answer to our second research question, i.e. the list of common
elements, can be found in table 4.2. Our results show that the four
abovementioned EAF share a total of 24 elements in addition to 13 abstract
elements, as shown in figure 4.2. During the study, we noticed that TOGAF
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has the lowest number of elements defined in its content metamodel when
compared to the other three EAFs. TOGAF content metamodel only defines a
total of 38 elements, while ArchiMate defines 59 elements, IAF and DoDAF
has more than 80 elements defined.

Additionally, our findings shows that business architecture has more
elements in common between the different frameworks as shown in figure 4.4.
This can be traced back to TOGAF and IAF; since DoDAF does not provide
an elements’ layers taxonomy, and ArchiMate have a relatively close number
of elements in business, application and technology layers

Moreover, during the study, we noticed the ambiguity of the different terms
in EAs modeling as different terms in the different EAF sometimes refers
to the same concept as shown in table 4.3. In section 4.2 we also showed
how IAF uses the term “Business Service” to describe both internal processes
and externally provided services. According to IAF, the business service
element can be used on different levels of details depending on the goal of
the architecture [11]. This adds to the findings of previous studies that showed
the deviations in both the definition of EA [14] and what is considered an EAF
[6].

As one of the outcomes of this research, we aimed to create levels
of metamodels that represents the common elements in the EA modeling
notations. However, we believe that the term multilevel model describes
what we want to achieve more, as it allows representing multiple levels of
classification. Additionally, when compared to conventional meta-modeling,
multilevel modeling can produce representations that are both simpler and
more accurate [33].

In figure 4.3 and figure 4.4 of the results, we show how the common
elements can be used to create a multilevel model. This should be considered
as the multilevel model of the core EA modeling elements. We believe that,
for the different domains (or even organizations), the multilevel model can (or
even should) be extended by adding Domain-Specific Elements (DSEs).

Figure 5.1, show how our multilevel model can be extended and used
in the manufacturing domain. The figure shows a multilevel model with
elements from M1 to M4 and uses elements and sample architecture
model from the ArchiMate specifications [1]. The M1 level describes a
manufacturing plant with an “Assembly Line” that uses some materials to
produce “Vehicle Telematics Appliance”. The product is then transported
from the manufacturing plant to either the national or local distribution centers.

Finally, to the best of our knowledge, this is the first attempt to identify a
common EA modeling elements, as there is no previous work has been found.
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However, previous studies [6, 61, 60] provided a classification for EAFs based
on what aspects of EA an EAF focus on. Additionally, previous work [34,
15, 36] has also tried to help organizations to select the EAF that best suites
their needs by defining evaluation criteria for EAFs. Our work goes one step
deeper into EAFs and provides a taxonomy for the elements that are defined
in the different EAFs. Using the created taxonomy, organizations will also be
able to see what different elements types are available in the different EAFs as
this might also be helpful when trying to select an EAF to model their EA.
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5.1 Limitations

In this section, we discuss the limitations of our work. First, in this study,
we focused only on analyzing the common elements used in EA modeling.
Even though we tried to describe these elements in a multilevel model, the
relationships used in the model were not extracted using the same method we
used to extract the elements.

Additionally, as mentioned in the discussion, MODAF was not included
when developing the taxonomy and analyzing the common elements. This
was mainly due to time limitations. Including the elements MODAF might
result in the generation of more dimensions in the taxonomy, or identifying
more abstract elements. Moreover, to ensure that no additional dimensions
are added to the taxonomy in the last iteration, more iterations were needed,
i.e. more frameworks and more time.

Finally, it would have been beneficial if the opinions of enterprise
architects has been included and considered during this study. That would
help to define the common elements from the end users points of view.

5.2 Threats to Validity

In this section, we discuss the internal and external validity of our work.
The methodology followed in this research utilize the SLR approach with a
predefined search protocol that is used to find and select the EAFs to analyze.
The predefined protocol minimizes the selection bias, which can be a threat to
both internal and external validity of the study.

However, as described in 3.2, there were numerous studies included in the
results of each of the used search terms, and only few of them were selected
using the relevance score that each digital source assigns to each study. This
can threaten the internal validity of our work, as different digital sources
might have different algorithms (that are susceptible to change) to assess the
relevance of the studies.

Moreover, even though the created taxonomy (figure 4. 1), multilevel model
(figure 4.4), and the elements structure (figure 4.2) accurately describe the
chosen EAFs, it may not generalize to other modeling frameworks. This is
mainly because of the small sample of EAFs used to generate these artifacts,
only four EAFs has been used.
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5.3 Future work

As the next step of this research, the relationships between the elements should
be analyzed similarly to what we did for the elements to identify the common
relationships. Additionally, some EAFs define the attributes of the different
elements in its content metamodel, e.g. TOGAF and DoDAF. Identifying the
common attributes of the different elements using a similar methodology will
mean that a full metamodel can be created with all the common elements, their
attributes and the possible relationships between the different elements.

Additionally, only the literature and the specification of the different EAFs
under study were used to answer the research questions. Therefore, we
recommend adding an expert point of view to the analysis of the different
EA modeling notations. This can be done through interviews or surveys with
enterprise architects with actual experience creating and modeling EA. This
can help identify which concepts are actually used in the industry, as there
may be some elements that are not used, or elements that do not exist in the
selected EAFs.

5.4 Sustainability and Ethics

In this section, we discuss the sustainability and ethical consequences of our
work. During the study, all the data that is used to generate the taxonomy
and the multilevel metamodel was data that is published along with the
specification of the EAFs that we used. The specifications of TOGAF,
ArchiMate and DoDAF are publicly available, while that of IAF was accessible
through KTH library.

Additionally, the results of our study extracted the elements that are
common for EA modeling, this means that EA models created using these
should be reusable between the different enterprises. Moreover, we showed
how the different domains can extend our multilevel metamodel to include
DSEs as shown in figure 5.1. This in turn can make the metamodel
domain-specific extensions reusable and exchangeable between both EAFs
and different enterprises. Therefore, we believe that the findings of our study
to contribute to make both EA models and DSEs extensions more sustainable.

Finally, we can not see any direct sustainability nor ethical concerns to
our work. However, we believe that the findings of this work can contribute
to more efficient EA modeling for the enterprises and hence better alignment
with its business strategy. This in itself is of course not a concern, but since
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some enterprises might disregard social and ethical aspects of their offering,
it can lead to a misuse of our findings.
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Chapter 6

Conclusions

In this study, we performed an analysis of the top most used EAFs in the
EA literature and extracted the core elements of EA modeling. The main
goal of the study was to distill common elements of EA modeling, but to
do that we needed to identify the most used EA modeling frameworks. Our
results showed that, TOGAF, ArchiMate, DoDAF, and IAF are the most used
modeling frameworks in the field of EA.

Secondly, a taxonomy of elements was created as part of the study using
elements from the frameworks above. The created taxonomy helped in
identifying what concepts are available in the different EAFs. Then, we
managed to identify the common elements that are available in the different
EAFs mentioned above. Finally, the common elements are presented in both
hierarchical structure and in a multilevel model that shows how the different
elements can interact with each other. Also, we showed how our model can
be extended to support the needs of different domains.

We believe that the findings of this research will be interesting for EA
researchers and practitioners working on developing and maintaining EA
modeling frameworks. The existing EA modeling framework might use the
list of common elements identified in this study as their core elements, while
moving the rest of the elements they defined to different extensions for DSEs.

Additionally, the taxonomy of elements created as part of this study can be
used to identify what element types are provided by the different EA modeling
frameworks. This can increase the ability for EA practitioners to identify the
EA modeling framework that match their needs.

Moreover, in this work we highlighted the core elements as well as how
they can relate to each other. This can make it easier for the end-users to pick
the appropriate elements for their use cases, as it reduce the clutter caused
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be all the unrelated DSEs. Also, this can be used by EA modeling tools
developers to improve their tools and only suggest elements that are relevant
to the end-user.
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Appendix A

Studies selected in the SLR

Study ID | Title Year

S01 Using Enterprise Architecture Model Analysis and Descrip- | 2018
tion Logics for Maturity Assessment

S02 Looking for a five-legged sheep: identifying enterprise | 2018
architects’ skills and competencies

S03 Extending IT-based Competitive Strategy Framework using | 2019
Architecture Vision and Business Architecture of TOGAF
Architecture Development Method (ADM)

S04 Ordering stakeholder viewpoint concerns for holistic enter- | 2018
prise architecture: the W6H framework

S05 Can metamodels link development to design intent? 2016

S06 Analysis of Enterprise Architecture Frameworks in the Context | 2011
of E-participation

S07 Extending Enterprise Architecture Modeling Languages: | 2012
application to telecommunications service creation

S08 A method to define an Enterprise Architecture using the | 2004
Zachman Framework

S09 How enterprise architectures can support integration 2005

S10 Enterprise Architecture for e-Government 2017

S11 Modeling digital preservation capabilities in enterprise archi- | 2011
tecture

S12 Ontology-based enterprise architecture model analysis 2014

S13 Enterprise architecture and e-government projects in Punjab, | 2014
Pakistan




54 | Appendix A: Studies selected in the SLR

S14 Where Enterprise Architecture and Early Software Engineer- | 2018
ing Meet: An approach to use cases definition

S15 Mapping the business model canvas to ArchiMate 2012

S16 A Proposal to a Framework for Governance of ICT Aiming At | 2018
Smart Cities with a Focus on Enterprise Architecture

S17 An integrated approach for RUP, EA, SOA and BPM | 2011
implementation

S18 Developing the Extended Enterprise with the FADEE 2004

S19 Towards the adoption of international standards in enterprise | 2019
architecture measurement

S20 Enterprise Architecture Model For Implementation Knowl- | 2011
edge Management System (KMS)

S21 Using Enterprise Architecture Management Patterns to | 2009
Complement TOGAF

S22 An Enterprise Architecture Development Method in Chinese | 2009
Manufacturing Industry

S23 Developing effective project management for enterprise | 2010
architecture projects

S24 An enterprise architecture approach to building a service- | 2009
oriented enterprise

S25 Presenting A Method for Benchmarking Application in the | 2008
Enterprise Architecture Planning Process Based on Federal
Enterprise Architecture Framework

S26 Enterprise Architecture Analysis Using Zachman Framework | 2018

S27 Application of Cyclomatic Complexity in Enterprise Architec- | 2019
ture Frameworks

S28 Electrical Engineering Enterprise’s Architecture Modeling as | 2021
a Basis for its Transformation into Industry 4.0

S29 Towards the Next Generation Service Oriented Enterprise | 2015
Architecture

S30 Enterprise Architecture Intelligence: Combining Enterprise | 2014
Architecture and Operational Data

S31 NSSA: A New Enterprise Architecture for Network Setup | 2011
without Any Network Infrastructure

S32 Capability Diagnostics of Enterprise Service Architectures | 2011
Using a Dedicated Software Architecture Reference Model

S33 Integrating Business Models and Enterprise Architecture 2014




Appendix A: Studies selected in the SLR |55

S34 Enterprise Information System Planning Using TOGAF | 2020
Architecture Development Method on XYZ College

S35 The Impact of managerial Enterprise Architecture decisions | 2013
on software development employees

S36 Enterprise Architecture 4.0 — A Vision, an Approach and | 2018
Software Tool Support

S37 Using Axiomatic Design in the Process of Enterprise | 2008
Architecting

S38 Microservice Architecture from Enterprise Architecture Man- | 2019
agement Perspective

S39 An Integrated Conceptual Model for Information System | 2016

Security Risk Management and Enterprise Architecture
Management Based on TOGAF

S40 The Simplified Enterprise Architecture Management Method- | 2018
ology for Teaching Purposes

S41 Towards an Enterprise Architecture Framework for Commu- | 2017
nity Policing

S42 Context Driven Approach for Enterprise Architecture Frame- | 2017
work

S43 OpenSEA — Using Common Logic to Provide a Semantic | 2011
Enterprise Architecture Framework

S44 An Analysis of Enterprise Architecture Frameworks from a | 2013
Coherent Enterprise Description Viewpoint

S45 Embracing Modern Technologies and Urban Development | 2020

Trends: Initial Evaluation of a Smart City Enterprise
Architecture Frameworks

S46 An enterprise architecture framework for multi-attribute | 2012
information systems analysis

S47 Enterprise Architecture Modeling in Digital Transformation | 2020
Era

S48 VR-EA: Virtual Reality Visualization of Enterprise Architec- | 2019
ture Models with ArchiMate and BPMN

S49 Towards Graph-Based Analysis of Enterprise Architecture | 2021
Models

S50 Using Enterprise Architecture Models and Bayesian Belief | 2009

Networks for Failure Impact Analysis
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S51 An Ontological Matching Approach for Enterprise Architec- | 2016
ture Model Analysis

S52 Ontology Transformation of Enterprise Architecture Models | 2014

S53 Extending enterprise architecture modeling languages for | 2014
domain specificity and collaboration: application to telecom-
munication service design

S54 Hospital enterprise Architecture Framework (Study of Iranian | 2018
University Hospital Organization)

S55 A fuzzy group multi-criteria enterprise architecture framework | 2012
selection model

S56 Aligning Enterprise Systems Capabilities with Business | 2018
Strategy: An extension of the Strategic Alignment Model
(SAM) using Enterprise Architecture

S57 Industry 4.0 Impact Propagation on Enterprise Architecture | 2020
Models

S58 Enterprise architecture for high flexible and agile company in | 2021
automotive industry

S59 SoS Explorer Application with Fuzzy-Genetic Algorithms to | 2021
Assess an Enterprise Architecture — A Healthcare Case Study

S60 Piloting Industry 4.0 in SMEs with RAMI 4.0: an enterprise | 2021
architecture approach

S61 Dynamic Metamodel Approach for Government Enterprise | 2019
Architecture Model Management

S62 An enterprise architecture framework for electronic require- | 2017
ments information management

S63 A Label is not enough — Approach for an Enterprise | 2018
Architecture Role Description Framework

S64 Designing IT Personnel Hard Competencies Model in the | 2013
Enterprise Architecture Case Study: Forestry Research and
Development Agency of Indonesia

S65 Using enterprise architecture and technology adoption models | 2012
to predict application usage

S66 Agile Digitale Transformation of Enterprise Architecture | 2017
Models in Engineering Collaboration

S67 Modeling resources and capabilities in enterprise architecture: | 2015

A well-founded ontology-based proposal for ArchiMate
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S68 Modelling Strategic Alignment of Business and IT through | 2017
Enterprise Architecture: Augmenting ArchiMate with BMM

S69 Agile enterprise architecture modelling: Evaluating the | 2015
applicability and integration of six modelling standards

S70 Al Service System Development Using Enterprise Architec- | 2019
ture Modeling

S71 Service contract modeling in Enterprise Architecture: An | 2021
ontology-based approach

S72 Developing an Enterprise Architecture Proof of Concept in a | 2015
Portuguese Hospital

S73 Suggested Improvements to the DoDAF for Modeling | 2009
Architectural Security

S74 A Goal-Oriented Requirements Modelling Language for | 2009
Enterprise Architecture

S75 Enterprise application architecture development based on | 2015
DoDAF and TOGAF

S76 Enterprise Security Planning with Department of Defense | 2011
Architecture Framework (DODAF)

S77 Extending enterprise architecture modelling with business | 2010
goals and requirements

S78 Framework, model and tool use in higher education enterprise | 2019
architecture: an international survey
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Appendix B

SLR Data form

Study ID | Industry used EAFs Other EAFs
SO1 ArchiMate
S02 e-government TOGAF
S03 TOGAF
S04 Zachman
S05 TOGAF, ArchiMate
S06 e-participation Zachman, TOGAF,
ARIS
S07 Telecommunications ArchiMate
S08 Zachman
S09 Zachman, CIMOSA TOGAF
S10 e-government Zachman, TOGAF,
DODAF, FEAPO,
PEAF
S11 e-government TOGAF, Zachman DODAF
S12 ArchiMate
S13 e-government Zachman
S14 Software Engineering | ArchiMate
S15 ArchiMate
S16 TOGAF, ArchiMate FEA, DODAF, Gartner
S17 TOGAF
S18 Zachman
S19 ArchiMate
S20 e-government TOGAF IAF, FEAF, Gartner,

Zachman, magenta
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S21 TOGAF FEAF, Zachman,
DoDAF

S22 Manufacturing TOGAF

S23 FEAF

S24 Zachman

S25 FEAF

S26 Sales Zachman

S27 DoDAF FEAF, Zachman,
TEAF, MODAF, UAF

S28 Electrical Engineering | ArchiMate

S29 GERAM TOGAF, Zachman,
DoDAF

S30 Manufacturing ArchiMate

S31 Military DoDAF

S32 TOGAF

S33 ArchiMate

S34 Education TOGAF

S35 TOGAF

S36 ArchiMate, TOGAF Zachman

S37 GERAM

S38 ArchiMate, TOGAF

S39 TOGAF, ArchiMate,

DoDAF, IAF

S40 Education ArchiMate, TOGAF

S41 Video Games TOGAF

S42 ArchiMate TOGAF, MODAF,
DoDAF, FEAF, NAF

S43 TOGAF

S44 ArchiMate, Zachman,

TOGAF, DoDAF

S45 Smart City TOGAF, ArchiMate

S46 ArchiMate

S47 IS/Digitalization ArchiMate

S48 ArchiMate

S49 ArchiMate

S50 ArchiMate

S51 ArchiMate
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S52 ArchiMate
S53 ArchiMate
S54 Healthcare TOGAF FEA, DoADF, Zach-
man
S55 TOGAF, DoDAF,
FEAF, TEAF,
Zachman
S56 TOGAF
S57 TOGAF
S58 Manufacturing TOGAF, ArchiMate
S59 Healthcare TOGAF
S60 ArchiMate
S61 Government ArchiMate
S62 TOGAF, Zachman
S63 TOGAF
S64 Government TOGAF
S65 ArchiMate
S66 Zachman TOGAF, FEAF,
DoDAF, MODAF
S67 ArchiMate
S68 ArchiMate
S69 TOGAF, ArchiMate
S70 ArchiMate
S71 ArchiMate
S72 Healthcare ArchiMate, Gartner Zachman, TOGAF,
FEA
S73 DoDAF
S74 ArchiMate TOGAF, IAF
S75 TOGAF, DoDAF
S76 Military DoDAF
S77 ArchiMate TOGAF, IAF
S78 Education ArchiMate, TOGAF,
Gartner, Zachmann,
CAUDIT, NORA,
APQC, ITANA,

KPMG
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Appendix C

Taxonomy iterations

Iteration 1

Layer Behavior
Element B|D|A|T B | R
Goal
Objective
Principle
Requirement
Constraint
Course of Action X
Capability X
Project X

RN o)
Mo | = [

Business Service X

Application Service X
Technology Service X
Business Event X
Business Process X
Business Function X
Logical Application Component X
Logical Technology Component X
Organization Unit X
Physical Application Component X
Physical Technology Component X
Data Object X
Business Object X

PAL DA [ D4 [ D | D | > | | | | | e

P A | e
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Contract

Product




lteration 2
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Element

Layer

Behavior

Ab

Ac

E

O

P

DR

Goal

Objective

Principle

Requirement

Constraint

AEARIEIE e

Course of Action

Capability

Project

Business Service

Application Service

Technology Service

P | M

Business Event

Business Process

>

Business Function

>

Logical
Component

Application

Logical
Component

Technology

Organization Unit

Physical
Component

Application

Physical
Component

Technology

Data Object

Business Object

Contract

Product

LR R

Performer

Agent

System

Platform

Ability

Mo | | e

R RN RN Nl

Skill
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Guidance

Directive

Policy

Standard

Rule

Agreement

MR R R | e

Desired Result

P | | | e

Organization

Manual

Material

Physical Asset

Service Contract

PR R K
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lteration 3

Layer Behavior 3W1H

Element B/ D A|T Ab | Ac | E|O|P|DR|G|Ct|Cp|L

Goal

Objective

Principle

Requirement

AEIRIEIER e
b
ASIEIERES

Constraint

Course of | x X X
Action

Capability | x X

Project X X X

Business X X X
Service

Application X X X
Service

Technology X X X
Service

Business X X X
Event

Business X X X
Process

Logical X X X
Business
Component

Logical X X X
Application
Component

Logical X X X
Technology
Component

Organization| x X
Unit

Physical X X
Application
Component
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Physical
Technology
Component

Data Object

Business
Object

>

Contract

Product

Performer

Agent

System

Platform

Ability

ol RN Nl Nl

R R R RN R

Skill

PP DR R R e

Guidance

Directive

Policy

Standard

Rule

Agreement

M > | | e

Desired Re-
sult

P A A | | | e

R R R R R R R R

Organization

Manual

Material

Physical
Asset

Service
Contract

Business
Service
Collab-
oration
Contract
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IS Service
Collab-
oration
Contract

Technology
Service
Collab-
oration
Contract
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