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Executive Summary

Information technology (IT) is a field characterised by continuous and rapid transforma-
tions. In the context of large enterprises, numerous I'T components are being used to allow
the smooth operation of the business. Hence, IT represents a corporate asset that creates
a strong relationship between business and IT. The number of components can become
overwhelming and create a large I'T landscape. This can be comprised of thousands of
applications, configurations or proprietary developments, impacted by frequent and rapid
changes. Hence, the overall complexity of such a landscape increases.

In the absence of adequate tools to handle this dynamic complexity and address its short
or long-term impacts, companies struggle with the management and agility of the IT
landscape. Given that complexity is an elusive quality characterising an IT landscape, it
is essential to comprehend its origins, effective management strategies and the associated
costs. Enterprise Architecture (EA), a discipline striving at the alignment of business and
IT, plays a pivotal role in both managing and understanding the intricacies of I'T landscape
complexity.

To make the complexity of an application landscape (as a subset of the IT landscape) visible
and manageable, as well as comprehend the types of costs associated with it, this research
explores the design of a measurement method. The measurement should be applied when
analysing EA models or designs as part of I'T change projects.

A mixed-method literature review was performed to identify the drivers and metrics for IT
landscape complexity, alongside the creation of an overview of I'T landscape costs. Next,
the indicators for application landscape complexity (ALC), how they influence each other
and the growth of complexity were examined via a case study approach. These insights
served as a basis for developing a measurement model and method, validated by employing
experts’ opinions.

The model for ALC identifies three key indicators, considered sufficient in assessing com-
plexity. These are the number of interfaces, functionality overlaps and data overlaps among
applications. Quantifying these indicators using EA models or designs provides a tangi-
ble complexity score. This score can help in making effective decisions for a less complex
landscape. Additionally, this research emphasises various costs associated with complex
application landscapes, including missed opportunities, rework, or prolonged decision pro-
cesses.

As organisations struggle with managing the complexity of their application landscape
due to rapid IT growth and increased business and IT interdependence, the proposed
method comes as an aid. The artefact introduced helps in quantifying application landscape
complexity for more effective decisions. This is an essential first step, before addressing
business-driven complexity, towards achieving lasting agility and a simpler I'T landscape.
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Chapter 1

Introduction

Chapter 1 introduces the research and the background information found at the core of
the thesis development. This helps in creating an understanding of the investigated topic.

Section 1.1 establishes the context of the thesis. The next section, 1.2, describes the
related works. In Section 1.3 the problem statement, objectives, scope and relevance of
the research are detailed. This is followed by a detailed overview of the research questions
and the guiding methodology, in Section 1.4. Lastly, Section 1.5, showcases the structure
of each chapter of this thesis.

1.1 Context

The information technology (IT) landscape undergoes perpetual evolution, always being
shaped by dynamic transformations [6]. Nowadays, companies are dealing with an over-
whelming number of technologies that allow them to conduct their day-to-day operations
[7]. Thus, IT represents a corporate asset, composed of numerous applications, configura-
tions, interfaces, and proprietary developments, as part of a dynamic milieu characterised
by frequent and rapid changes [8], [9].

These elements of I'T and their dynamic relationships lead to an increasing complexity of the
architectural landscape. Having insufficiently controlled growth caused by fast application
development makes it difficult to manage the IT landscape efficiently [10]. Most current
landscapes of enterprises are the results of a history of application implementation projects
that introduced their specialised hardware, software, or infrastructure [11]. Over the years,
enterprises have combined older technologies, or legacy applications, with newer ones [12],
[13]. With advancements in technology such as digital twins, cloud computing, and big
data analytics, the complexity of IT landscapes is increasing [14].

This happens as the IT architecture must address current business requirements, but
also anticipate future needs. Mutual dynamism exists between business and I'T. Changes
streaming from one domain invariably influence the other. Sometimes, contemporary de-
mands from the business side result in the addition of new solutions to the landscape that
neglect to restructure existing systems despite similar purposes [15]. Also, the fast pace
of developments can influence the prioritisation of short-term or quick fixes that lead to
architectural technical debt [16], [17]. Technical debt refers to the design choices suitable
when made, for a short-term payoff, however impending the progress towards a desired fu-
ture state. Several factors such as the emergence of state-of-the-art applications to match



business needs or as implementing temporal measures (e.g., for data migration [18]) can
therefore influence the dynamics of the complexity of an I'T landscape and its development
over time. Hence, a need for flexibility and agility are required such that the business func-
tionalities will be supported by a variety of digital technologies [19]. These benefits are
associated with “a right level of complexity” and an organisation can leverage Enterprise
Architecture (EA) and methods, tools or techniques to manage complexity [4], [20].

The understanding of dynamic complexity, which refers to the interaction between com-
ponents within the system and the change of the relationships over time, should help
organisations manage the complexity of their I'T landscape. Thus, dynamic complexity
refers to the state changes over time and landscape transition, as opposed to the behaviour
of systems during their execution. However, the literature giving focal attention to ar-
chitectural complexity does not analyse dynamic complexity within large systems [2|, nor
look at the short and long-term impacts of complexity in an enterprise.

This absence of attention to dynamic complexity is also visible at a measurement method
level, as little to no metrics exist to quantify dynamic complexity. Limited companies
have suitable methods or tools to systematically assess and evaluate complexity [3]. This
lack of tools is considered a major limitation to understanding the complexity levels of an
organisation [21].

Furthermore, there is no means to value the “costs of complexity” for an IT landscape.
The academic research is sparse and fragmented when describing how complexity in an I'T
landscape drives costs and what these exactly are. When a synthesis of the terms cost and
complexity is created, most studies explain what type of costs can be calculated for the
total IT landscape. This means applying a total cost of ownership perspective, thus only
asserting the costs of acquiring, deploying, operating or maintaining the I'T infrastructure
and services over their lifetime. With this view, the costs similar to the one of subsequent
changes are not addressed.

1.2 Related Works

To understand the situation described above, it is important to first acknowledge what
the IT landscape is and how that intertwines with an architectural perspective. This is
followed by grasping complexity through the prism of IT and showcasing how EA models
can be leveraged in the management of complexity by using analysis techniques.

1.2.1 IT Landscape Architecture
Architecture

Starting with the term architecture, due to its eclectic nature, it is being used in a myriad
of contexts and disciplines. It represents the philosophy which underlies a system and
describes its purpose, intent, and structure [11].

Architecture defines the fundamental organisation of a system embodied in its components,
their relationships to each other and the environment, as well as the principles guiding its
design and evolution [4], [22]. Another well-acknowledged view on architecture is that it
represents “a pragmatic, coherent structuring of collection of components that [...| support
the vision of the full user in an elegant way” [23, p. 3].

The above-mentioned accepted definitions showcase that architecture is concerned with the



study of systems and their constituent elements alongside the ever-changing relationships
involved in a system’s composition.

Enterprise Architecture

The thesis investigates the I'T landscape of large and complex organisations or enterprises.
An enterprise can be defined as “any collection of organisations that has a common set
of goals and/or a single bottom line” [24]. Architecture is an instrument which helps
in controlling the complexity of an enterprise and its processes and system [4]. Hence,
architecture, at the level of an organisation is referred to as enterprise architecture [4].

Enterprise Architecture (EA) represents “a coherent whole of principles, methods, and mod-
els that are used in the design and realisation of an enterprise’s organisational structure,
business processes, information systems, and infrastructure” [4, p. 3]. Moreover, it is a
means to support the business and IT alignment [25] and to help with bridging the gaps
between the current and the future states of an enterprise [24]. A better alignment between
business and IT is believed to lead to “lower cost, higher quality, better time to market
and greater customer satisfaction” [24].

There are three elements needed for Enterprise Architecture: methodologies, viewpoints,
and modelling languages. TOGAF [24], [26] is a framework or a methodology that provides
the methods and tools for assisting in the acceptance, production, use, and maintenance
of an EA. It is based on an iterative process model supported by best practices and a
re-usable set of existing architecture assets.

To implement such an architectural framework and create visualisations, modelling lan-
guages are needed. The most widely used language is ArchiMate [1| which complements
TOGAF. From a modelling perspective, ArchiMate provides a metamodel combining layers
and aspects to depict Enterprise Architecture. The core framework, as seen in Figure 1.1,
can be considered an abstraction for the I'T landscape, especially focusing on the application
layer and its relationships upwards with the business and downwards with the technology
layer. By combining business, applications and technology layers, different components
can interact with each other via relationships. The components can also be passive, such
as data objects, showcase behaviour, for example, application services or processes, as well
as active structures which can be represented by interfaces. Their combination creates a
complete, integrated approach to delivering enterprise architecture.

IT Landscape

Enterprise architecture planning is thus the ground for the development of the I'T landscape
of an organisation. It provides numerous benefits such as the improved agility to react fast
to the market requirements [25], or to manage the complexity of an enterprise.

An IT landscape can represent “A set of hardware, software and facility elements, arranged
i a specific configuration, which serves as a fabric to support the business operation of an
enterprise” |27, p. 383]. However, no standard definition of such a landscape exists [11],
[23], [28]. In literature, IT landscape can be used interchangeably with concepts such as
application architecture, IT infrastructure, technical architecture or information systems
(IS) architecture.

Hammer describes I'T architecture as a common high-level model or design that supports
various disciplines and stakeholders in “taking design decisions in a multi-dimensional de-
sign space”, “defining designs in a multi-disciplinary environment” and “communicating so-
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FIGURE 1.1: ArchiMate Core Framework [1]

lutions” |28, p. 305|. IS architecture can be interpreted as such: “the overarching structure
and properties of the relationships among the systems and applications in an organisation’s
IT portfolio” 29, p. 1].

Therefore, the consensus behind the meaning of IT landscape (used as the basis for the
thesis) is the use of various interrelated artefacts, such as application systems, that enable
the provision of services to the business function or support business processes or capabil-
ities [11],[25],[30]. This ultimately leads to more informed decision-making processes and
better communication.

To observe these interrelationships, a conceptual model of an IT landscape and its com-
ponents was introduced in the previous work of the researcher [31], after piecing together
findings from prevalent academic works. Figure 1.2 depicts how from the business re-
quirements, there are various applications with certain characteristics that support these
demands. Appendix A, contains the figure’s detailed description.

Architectural Decisions

When designing an I'T architecture, an organisation can make various decisions for repre-
senting their landscapes. These are concerned with elements such as architectural styles,
approaches for data management, infrastructure and deployment, or security and compli-
ance [32], [33], [34], [35], [36].

Two types of architectural decisions are relevant to this thesis, the choice of architectural
styles and the approaches for data management.

Starting with architectural styles (or patterns), these describe ways to create and structure
objects and their behaviours [37]. For example, microservices are architectural styles that
focus on the development of a single application as a suite of small services, each running
its processes and communicating with lightweight mechanisms [32]. This is opposed to
having a monolithic application whose functionality is encompassed into a single process.
Other elements in “a catalogue” of architectural patterns can be the use of service-oriented
architecture [38], client-server architecture [39] or event-driven architecture [40].
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Next, other decisions such as how to distribute, store and integrate data between IT
components can influence how a landscape is represented. Nowadays, discussed concepts
for data management are the use of data warehouses or lakes (as formats for storing,
analysing and querying data) and data meshes (as a data management approach). These
can be classified under the umbrella of “data integration architectures”, as explained by

Wrembel [33].

Data warehousing represents a process connecting and managing data from different sources
to gain a single, detailed view of parts or all of a business [41]. Data integration is performed
after the data is transformed and according to a common data model, cleaned, normalized
and stored in a repository [33].

Data lakes are platforms for big data management which store and analyse raw data [42].
A data lake architecture and its composing elements, as well as a methodology for its
configuration, are proposed in the literature by Giebler et al. [43]. The difference between
a data warehouse and a lake is that the first is a repository which stores structured and
processed data assisting a specific purpose, whereas the second is managing raw data with
an undefined purpose [42].

Lastly, data meshes describe the approach of decentralising data (as opposed to the two
approaches mentioned above which are centralised) and creating repositories that can be
organised or used by specific business domains [33|, [44]. This means each domain has
autonomy over its data, which is seen as a product.

Therefore, when designing IT architecture, a myriad of decisions can shape the overall
structuring and behaviour of the landscape. These range from high-level design strategies
such as architectural styles, towards more technical ones as seen with the selection of data
management approaches.



1.2.2 Complexity
IT Landscape Complexity

In the last years, complexity has become a buzzword which is applied in various domains
such as architecture, biology, chemistry, computer science or political and social sciences
[45], [46]. IT landscape complexity refers to the number of components or elements of
an architecture, their relationships and the variation or heterogeneity of these [47]. On-
derdelinden et al. [18] mention that the IS architecture complexity must also include
different levels of observation. This is important as architecture can be seen as a whole or
at a granular level, or influenced by the nature and rate of change of the components and
relationships present.

For the field of information systems or IT landscape complexity, Schneider [2] unified
the existing research by creating a multi-dimensional framework, as depicted in Figure 1.3.
Complexity can be defined according to four dimensions. These dimensions are aligned with
complexity research streams and encompass the most important and well-acknowledged
findings. Furthermore, newer academic findings (e.g., [48]) can be structured according to
Schneider’s work. Hence, this framework represents one of the best classifications for IT
complexity.

ordered disordered

structural

dynamic quantitative

qualitative

objective subjective ’

FIGURE 1.3: Complexity Cube [2]

1. Organised vs. Disorganised
The first dimension reflects organised and disorganised complexity, as also proposed
by Weaver [49]. In 1948, the author first described these two views. On one hand,
disorganised complexity means having many variables, each with an individual erratic
or unknown behaviour, as part of a system with “orderly and analyzable average
properties” [49, p. 538]. On the other hand, organised complexity deals with “a
sizeable number of factors which are interrelated into an organic whole” |49, p. 539).

2. Qualitative vs. Quantitative
Moving on, the second dimension is qualitative and quantitative complexity. The
first pillar of this dimension refers to how evaluations of elements are performed in
a qualitative manner, whereas quantitative complexity is the assessment based on



numbers (e.g., Kolmogorov complexity [50]).

3. Subjective vs. Objective
The third dimension aims at differentiating subjective and objective complexity. This
means that the role of the observer is essential. Objective complexity is independent
of the observer. Subjective complexity discusses how a system is perceived by an
individual. This is also exemplified in Fioretti’s work [51].

4. Structural vs. Dynamic
Lastly, structural and dynamic complexity are proposed. Structural complexity
looks at the components of a system and the cause-and-effect relationships between
them. Dynamic complexity showcases how components and their interrelationships
are changing over time, from one state to another.

The dynamic complexity can be further broken down into short-term and long-term
complexity [5]. Short-term refers to sudden and unpredictable changes, whereas
long-term includes extended time scales for which plans are in place.

Complexity Management

These numerous prisms, through which complexity can be looked at, can be applied in the
context of enterprises. Nonetheless, to grasp complexity, and turn the invisible into visible,
companies are searching for ways to understand its size and impact [52].

Complexity management is concerned with a myriad of tasks that can potentially make
the transition from intangible, hard-to-recognise issues towards visible ones. The tasks
under the umbrella of “complexity management” range from considering and solving prob-
lems resulting from the variety or dynamics of elements in an IT landscape to integrating
measures to tackle problems into frameworks [53].

Kluth et al. [3] explain that delaying with complexity is a competitive factor nowadays.
Complexity is seen as the “combination of various, heterogeneous system elements and their
interrelationships that are changing dynamically and not clearly compressible” [3, p. 226].
The trend of increasing digitalisation allowed only a few companies to have abilities that can
help with tracking and managing complexity. “Only 16% of the consulted companies state,
that they have suitable methods or tools to systematically assess and evaluate complexity”
[3, p. 225].

To address this issue, a maturity model for the assessment of complexity capabilities of an
organisation is proposed, as seen in Figure 1.4. The model is inspired by the well-known
Capability Maturity Model (CMM) [54], which “has already been used in more than 3,000
companies” |55, p. 506]. Kluth et al.[3] describe seven steps to assess the complexity
management skills of an organisation, as seen in the figure below. Based on the complexity
capability maturity model, an enterprise can observe its current positioning and discover
how to improve its present standing.

1.2.3 Enterprise Architecture Analysis

EA Analysis

When managing complexity, and when changes must be made in the IT landscape of an
enterprise, model-based analyses play a pivotal role for an organisation. This is especially
the case for large enterprises in which the size and complexity of architectures can no



@ Harmonized
(internal and external complexity are harmonised)

9 Managed

[measures are defined and initialized)

G Analyzed

(complexity patterns are generated)

o Quantitativ
[quantitativ KPls are elaborated)

ﬂ Qualitativ

[complexity qualitatively evaluated)

Defined
[eamplexity fields are defined)

o Initial

(mo complexity understanding)

FIGURE 1.4: Complexity Maturity Model |3]

longer be identified by hand. To create a comprehensive view of EA, both descriptive and
model-based analysis techniques should be leveraged [4].

There are several architecture analysis techniques and approaches. These can be classified
according to two dimensions: the type of analysis inputs and results or the type of technique
[4], as seen in Figure 1.5.

Quantitative

Analytical # Simulation

L 4

Functional

FIGURE 1.5: Analysis Dimensions [4]

The first distinction is based on the analysis input or results. These can be either functional
or quantitative. The functional analysis addresses how the system works and what are
its properties (e.g., structural properties). The quantitative analysis aims at uncovering
aspects such as the performance, cost or quality of a system.

One of the most well-known approaches for performing quantitative analysis of EA models,
realised with ArchiMate, is introduced by Jonkers et al. [56],[57]. This is essential in
understanding how performance or workloads can be quantified.

Next, for the type of techniques division, there are two pillars: simulation and analytical
techniques. This means that for functional or quantitative analysis one can perform ana-
lytical techniques or simulations to gain insights based on EA models. Simulation refers
to the execution of a model in the sense that “architects can play” [4, p. 200] with the



architecture and create statistical statements about quantitative measures after multiple
model runs. The analytical techniques are concerned with the production of a reproducible
result, therefore not based on statistics.

The analytical techniques combined with the quantitative input are considered essential
for comparing various alternatives or what-if situations [4].

Measurement Methodology

To strive towards the quantification of complexity and perform a model-based analysis
it is also important to understand what such a process entails in terms of measurement.
According to metrological ! definitions, complexity can be classified as a latent variable.
This means that additional, observable or measurand variables are needed to quantify this
concept. From an enterprise architecture perspective, complexity is an attribute (or a
quality of the model) that should be measured with the help of metrics.

To measure the variables, one or more metrics need to be in place. The metrics need to be
expressed as numbers and, thus be measurable. Numerous metrics can exist, thus, when
constructing a measurement, the requirements of stakeholders must be considered. This is
important when selecting an appropriate amount that aids in indicating the value of the
attribute. In the literature, no specific guideline exists on how many metrics or factors
should be included in a measurement. For factor analysis techniques, such as exploratory
factor analysis (which focuses on the appropriate selection of observed variables), a sug-
gestion is made to select four to eight indicators per factor [58]. Furthermore, Aigner [59]
mentions the selection of the top three elements from an ordered list to identify a concept.
For formula creation guidelines, Krynicki [60] also supports the use of a few quantifiers. In
scale creations, better precision is observed by using three to four items [61]. Furthermore,
for architectural decisions, selecting from a list of three to seven concerns must be the focus
of the architects, for significant results [62].

Measuring architectural complexity is the process that uncovers the value of the metrics
that comprise complexity. The origins of complexity must be identified, and measurements
for each should be detailed. Furthermore, a method for operationalisation of complexity
should follow.

According to Abran [63| the above-mentioned steps, fall into two categories: the mea-
surement principle and the measurement method. The measurement principle defines the
object of interest and the metrics connected to it, in the case of the thesis, complexity and
potential metrics. Next, to measure the attribute, e.g., complexity, steps that need to be
followed are described in the measurement method.

For the context of the thesis, both a measurement principle and a method for quantify-
ing complexity are proposed. It is important to note that the measurement should be
limited to a few metrics selected with the help of company stakeholders, to make it imple-
mentable /usable in the practical setting of an enterprise.

Table 1.1 details the terminology used throughout this research when it comes to measure-
ment of complexity. It can be seen that an attribute is composed of multiple indicators,
which can in turn be measured by using numerous metrics.

'Metrology - the scientific study of measurement



Table 1.1: Measurement Terminology

Concept General Terminology

Complexity Attribute/Latent variable

Driver of complexity Indicator/Observable variable/Measurand /Factor
Quantifying the driver Metric

1.3 Research Objectives

This section starts by describing the problem statement and the thesis objectives. Next,
the scope and relevance of the thesis are detailed.

1.3.1 Problem Statement

Given the IT growth and the dynamism of the field, managing the complexity of an IT
landscape in an organisation can be considered troublesome. The problem is further am-
plified by the close connection between I'T and business. This means that I'T changes when
the business transforms and vice versa.

This complexity of I'T landscapes is an intangible factor and most organisations experience
difficulties in understanding its size and its impact [64], [65]. Measuring the complexity
linked to a change, or rather if a presently higher complexity of an I'T landscape imposes
more difficulties in achieving a desired outcome, can, in consequence, be perceived as a
very challenging endeavour. To address these issues, using an architectural representation
could serve as the lens for making the invisible visible.

Architectures should keep in mind the “requisite complexity”, meaning finding a balance
between excess and deficit complexity, such that a high value can be gained [66]. In other
words, every system must have a minimum level of complexity “to deal with requirements
stemming from the system environment” [18, p. 2|.

Due to the close connection between business and IT and the frequent changes (if one
changes the other does as well), finding the right level of complexity that permits flexibility
is needed. This is important as business requirements need to be addressed promptly by
IT.

Furthermore, this right level of complexity in an IT landscape is also crucial and has a
significant impact on the economic pillar of an organisation, amongst other elements. A
sharp increase in IT complexity is often accompanied by higher costs [15]. Large enterprises
try to tackle the issue of complexity, by using various programs aimed at simplifying the
IT landscape. These can include initiatives such as creating architectural archetypes or
remodelling current architectural representations. They aim to achieve a cost reduction or
a positive effect on the economic pillar of a company.

Beyond costs, managing complexity has implications for factors such as agility, flexibility,
risks, or efficiency [20]. The adaptation in a timely manner to the dynamic environment
should be investigated. This research is focused on the impact of complexity on agility,
as organisations need to adapt quickly in the dynamic milieu characterised by frequent I'T
changes. Complexity can be seen as the inability to change or efficiently adapt to a rapidly
evolving environment.
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Hence, the problem statement can be encompassed as follows. Due to the growth and
frequent changes in IT, managing complexity and comprehending its associated costs is
posing a challenge for large organisations striving to be agile.

1.3.2 Objectives

Based on the problem statement detailed previously, it is evident that quantifying the
complexity of the I'T landscape is an important step that will support the creation of pro-
cesses for the management of complexity. With the help of the management of complexity,
adapting to the dynamic environment in which a company operates could become an easier
endeavour.

Understanding how to create a measurement method that can assist in complexity man-
agement approaches could reap benefits for large enterprises in today’s rapidly changing
environment.

Main Objective

The key objective of the thesis is to define a measurement method for calculating a subset of
the IT landscape complexity, the one associated with application landscapes. The method
should be applied in a practical setting to support companies in mastering complexity.
As IT can look at the use of various interrelated artefacts such as application compo-
nents, physical infrastructure, and technology, the scope was limited to understanding the
applications part of the IT landscape, their relationships and data exchanges.

This should be done by comparing and contrasting various architectural representations.
These must be represented graphically or documented in a specific manner, such that
initial and target states’ designs can be the basis for quantifying the application landscape
complexity (ALC).

Sub-Objectives

To achieve the main objective, several sub-objectives have been created.

1. Review state-of-the-art literature to understand which complexity metrics exist.

2. Review state-of-the-art literature to understand the relationship between costs and
complexity.

3. Select and categorise relevant complexity indicators and metrics with the help of a
case study performed in a large enterprise.

4. Create a measurement method that can be applied to an organisation’s application
landscape to help guide decisions.

5. Discover what are the costs that can be encountered when ALC hinders the agility
of an organisation to adapt to changes.

1.3.3 Scope

Given the dynamics of today’s world, especially when discussing about I'T developments
and growth, enterprises need to have the ability to quickly adapt to changes. Leveraging EA
can assist an organisation in managing and understanding its I'T landscape complexity. As
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it was observed, complexity, especially the dynamics aspect, is insufficiently investigated,
and large organisations do not have the necessary means or tools to quantify I'T complexity.

To create a measurement method for quantifying the I'T landscape complexity, the scope of
this study is limited to the application and data elements of architectural representations,
further called the application landscape. The method is initially designed as a means to
evaluate ALC in the projects of an enterprise.

Projects are expected to depict the current state (as-is), as well as showcase the possible
options for future change (to-be scenarios). Additionally, rather than attempting to quan-
tify the entire IT landscape of an enterprise, projects facilitate a more efficient information
gathering. They are also the moments in organisational changes are implemented, thus,
they are the appropriate mechanism to influence strategic decisions. When the ALC will
be quantified in projects, the involvement of a limited number of stakeholders allows for
an easier and more precise calibration of the score.

Based on the as-is and the to-be representations, each design can receive a complexity
score, and then the delta in the change from one state to the other can be calculated. This
difference is essential, as it can serve as a choice for an option, based on the overarching
assumption that less complexity implies an easier change process. For dynamicity, this can
mean if the complexity levels increase when changing the landscape, less agility and more
costs can emerge.

Moreover, as the complexity measurement is based on a selected array of metrics, find-
ing what types of costs can emerge due to the presence of the selected indicators in the
landscape is desired.

To explain what falls out of the scope of the thesis, the measurement method does not
apply to causes and indicators of complexity that can be associated with the business
environment or the infrastructure and the technology components part of an enterprise.

The study uses academic literature and information gathered from a case study performed
within a large global organisation. These are detailed in the subsequent chapters.

1.3.4 Research Relevance

Based on the thesis, valuable and novel insights for academia and practice are expected
to emerge. The overarching goal helps with a first step in creating a better understanding
of a very intricate area of research: the IT landscape complexity. Proposing a complex-
ity measurement method that can assist with enterprise architecture analysis introduces
several innovative and previously unexplored perspectives.

From an academic standpoint, the study expands the body of knowledge on both complex-
ity management and measurement. Well-acknowledged complexity metrics are fused into
a formula, and a measurement method is proposed. Dynamic complexity is also addressed,
as an EA model-based analysis is leveraged to investigate the current and future states of
landscapes. Furthermore, a more in-depth link between complexity and costs is created,
while identifying complexity metrics.

For practitioners, the paper raises awareness of the importance of adopting a maturity
model for managing capabilities for complexity, alongside the need for a measurement for
complex IT landscapes. As identified, currently, tools and techniques that can help with
complexity understanding are mostly absent in organisations. Therefore, the measurement
proposed which can be applied to EA models to analyse the size and cost of complexity,
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is expected to help practitioners. During projects, the measurement can be used as a
tool for option choices. Based on the level of complexity, more informed decisions can be
made when making architectural changes. On the basis of such an analysis, practitioners
can observe if complexity in their architecture is indeed an indicator of ease of change or
adaptation to new developments or demands in the future.

1.4 Research Design

In this section of the report, the questions which were created to guide the research are
introduced, alongside the manner in which an answer to these questions is composed.

1.4.1 Research Questions

One main research question (RQ) was formulated based on the previously identified prob-
lem statement, such that the thesis could have a clear direction. The question was broken
down into several sub-questions to ensure that sufficient knowledge is accumulated and
that new information can lead to interesting and unique insights.

Main Research Question
How can a practical measurement method be designed to quantify the application landscape
complexity and its cost implications?
Sub-Research Question
1. Which complexity metrics can be used to measure change in an I'T landscape?
(a) How can complexity be classified?
(b) What factors drive the complexity of an IT landscape?
(¢) What are the existing metrics for measuring architectural complexity?
2. What types of costs are associated with the IT landscape?

(a) What Enterprise Architecture model-based cost analysis techniques can be ap-
plied to IT landscapes?

(b) What are the prevalent usages of “cost of complexity”?

3. What are suitable complexity metrics that can be used in measuring the delta of the
change in the application landscape?

4. What costs can be factored in a formula when application landscape complexity
hinders the agility to adapt to a change?

5. To what extent can complexity metrics be used in analysing enterprise architecture
designs in the context of a large enterprise?

1.4.2 Research Methodology

To create a measurement method that can quantify complexity by analysing of EA models
or designs, the Design Science Research Methodology (DSRM) [67] can be employed. This
type of methodology allows the design and investigation of artefacts in contexts. The
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design problem is the issue that needs to be solved by means of an artefact. According to
the DSRM, the design problem at the heart of the thesis is the following:

Improve the management of IT landscape complezity
by (re)designing a measurement method
that can be applied to quantify the application landscape

complexity and its cost implications in a practical set-
ting, based on documented designs of EA project solu-
tion options

in order to help IT architects make effective decisions to keep the
IT Landscape agile for future changes

As a design cycle structures the thesis activities, the following steps must be performed:
problem investigation, treatment design and validation. To support the design cycle, a
case study [68] is conducted within a large organisation.

Under the problem investigation, the knowledge problems are addressed. In this initial
phase, an exploration of the problem occurs prior to the design of an artefact according
to certain requirements. Next, the first two sub-research questions help set the basis of
the problem investigation. For constructing a foundation of existing knowledge and for
crafting a holistic view that could help in answering the research questions, a combination
of both exploratory and systematic literature reviews (SLR) is employed.

Nonetheless, it is essential to gather information from the enterprise involved in the case
study, for which the measurement method is initially developed. A survey was designed
to understand the current complexity capabilities of this enterprise, identify complexity
drivers and rank the literature-identified metrics. Hence, during the problem investigation,
two types of data collection techniques are used literature reviews and a survey.

The second step in the DSRM design cycle, the treatment design, focuses on the require-
ments for the measurement of complexity and how a method can help with the problem
identified a priori. During this step, interviews with several stakeholders were conducted
such that a prioritisation of the literature-identified complexity indicators could be in place.
This links back to the third sub-research question. Two types of interviews were conducted,
one emphasising the complexity of an I'T landscape and the second discussing possible ways
to measure the cost of complexity.

For operationalising the formula, the requirements needed for a measurement method must
be understood. In this step, several iterations are done by the researcher to combine
the identified indicators of complexity in a measurement model. At the same time, the
researcher started designing a method that can be applied in the context of the enterprise in
which the case study is conducted. Therefore, during the treatment design, a measurement
method for applying the quantification of ALC for EA analysis is created.

Next, the measurement method should be validated. This is achieved by employing expert
opinions. It is important to observe the possible effects of the combination of the artefact
in context, as well as check if the requirements are met. Validation is also expected to
illustrate possible trade-offs or sensitivity for different contexts.
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Figure 1.6 depicts the steps described above, the task and sub-tasks assigned to each of
them, and the addressed research question.

Treatment Design
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FIGURE 1.6: DSRM Process

1.5 Research Structure

To understand the situation, complication and the approach to answering the RQs, the
document is structured in 7 chapters. Chapter 1 introduces the topic and the necessary
background information that can make one familiar with the subject matter. This chapter
also details the research methodology used. Chapter 2 describes the findings of a thorough
literature review, addressing the topics of complexity metrics and costs associated with the
IT landscape. Moving on to Chapter 3, this encompasses the description of the performed
case study. The survey and interview structures and responses are described. Chapter 4
is illustrative for a detailed explanation of the formula and method designed to quantify
complexity. Later in Chapter 5, the validation of the artefact is studied. Chapter 6 is
dedicated to the discussion of the overall results, implications and findings. Lastly, Chapter
7 wraps up the performed study and offers the conclusions of the work.
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Chapter 2

Literature Review

The second chapter delves into the findings collected through extensive literature analyses.
The different approaches used to examine academic works are described in Section 2.1, and
then, the procedures that guided the search are detailed in Section 2.2. The findings of the
prevalent works related to complexity metrics and costs connected with the I'T landscape
are discussed in Section 2.3. Here, detailed answers are provided for the first and second
sub-research questions. The chapter ends with a summary and conclusions, as seen in
Section 2.4.

2.1 Review Methodology

To shed light on existing complexity drivers, possible ways to operationalise them, and
understand what the cost of complexity can mean, a qualitative method of enquiry was
used. A combination of both exploratory and systematic literature reviews (SLR) was
employed. A literature review allows one to keep up with the state-of-the-art and to be
“at the forefront of research” by collecting evidence for a particular field of interest [69,
p. 333]. By having a mixed-method approach, a foundation of existing knowledge and a
holistic view of the investigated topics was created.

2.1.1 Exploratory Literature Review

The goal of an exploratory, or unstructured review, is to investigate the vast array of
articles that are linked with various research questions. The results create a range of
possible answers (e.g., different options as to what something means). This approach does
not intend to offer a conclusive solution or answer to a research question, as it rather
explores the available information on the topic [70].

2.1.2 Systematic Literature Review

A SLR represents “a means of evaluating and interpreting all available research relevant
to a particular research question, topic area or phenomenon of interest” [71, p. 3|. As
opposed to an exploratory literature review (described above), a SLR emphasises rigorous,
explicit, and reproducible methods, alongside a high level of transparency. To achieve this,
guidelines for conducting a systematic literature review were consulted.
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2.2 Review Process

To find an appropriate answer to the knowledge research questions (RQ 1 and RQ2) and
their associated sub-questions, a deliberate decision on which type of literature review to
use was made. In this part of the thesis, first, the decision is introduced, followed by the
guidelines of the exploratory and the systematic literature reviews.

2.2.1 Knowledge Questions

The basis of the information-gathering process of this research lies in finding answers to
the predefined research questions. The first two can be classified as knowledge questions.
This means that they support the creation of a knowledge base upon which an artefact
can be designed.

To provide an answer to the first knowledge question, “Which complexity metrics can be
used to measure change in an IT landscape?”, it was essential to explore existing classifi-
cations and meanings of complexity. As complexity is a recurring topic in numerous fields
of study, having one classification of complexity that could further guide the research was
important. A SLR was performed to gain a better understanding of the factors influencing
the complexity of an IT landscape and narrow down the elements influencing the appli-
cation layer. Once the drivers were identified, existing metrics that could operationalise
these origins of complexity have been distinguished via an exploratory literature review.

The second knowledge question, “What types of costs are associated with the I'T land-
scape?” shifts the focus towards the economic pillar of an organisation. Different model-
based cost analyses can be used to measure monetary changes. It is important to investigate
to what extent current EA models, including the application landscape, cover cost-analysis
techniques. To do this an SLR was used. Furthermore, the question seeks to ascertain what
the current usages of the cost of complexity are, by performing an exploratory literature
review.

Table B.1 in Appendix B, showcases the sub-questions for each knowledge question and
the type of literature review used for creating answering.

2.2.2 Guidelines for the Reviews
Exploratory Literature Review

As no structure is requested by an exploratory literature review, the following steps guided
this research: definition of the research questions, database search (with concepts found in
the RQ, such as “complexity classification” or “operationalisation of complexity”), theme
and concept identification, and analysis of findings.

Systematic Literature Reviews

Different from the exploratory literature review, the SLR, used a combination of existing
guidelines to ensure that the study and the findings can be validated, and replicated and
that a high level of transparency can be achieved.

For the Information System field, under which EA can be placed, Webster and Watson
[72] proposed the foundation for advancing knowledge by summarising a research field
and finding a new research discipline. To extend their advice, Wolfswinkel et al. [73]
introduced a five-stage iterative process for conducting a literature review. The authors
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shifted the focus towards linking concepts discovered in academic articles rather than
classifying individual papers. Instead of categorising the article itself, the most relevant
ideas uncovered whilst reading the papers are grouped, leading to a more thorough review.

Hence, their proposed framework was selected and used for the SLR. To enhance the
framework and provide even more clarity and transparency of the SLR, the PRISMA flow
diagram [74] is applied in the “Selection” phase (to delineate the search result outcomes).

The general search strategy steps are depicted in Figure 2.1, and a more in-depth descrip-
tion of each stage is offered in Appendix B.

Scope of review
Define Database/Qutlet selection
Inclusion/Exclusion criteria

Keywords
Perform search on repositories
Search .
Use terms and search queries

Filter doubles
Refine samples
" Select Consider fulltext
Forward and backward citations - Snowhball
PRISMA for structure

One paper as starting point
& Analyse Select relevant concepts - Concept matrix
Open, axial and selective coding

Relationships between concepts

Synthesis of findings

Graphical representations for connections

FI1GURE 2.1: SLR Process Steps

2.3 Review Results

Upon understanding the search strategy used for investigating the two knowledge questions,
it is now time to turn towards the findings of the literature reviews and the answers
to these questions. The first part of the result section describes the insights collected
whilst analysing sub-question 1, aiming at identifying the complexity metrics that can
help measure architectural change. The classification of complexity is introduced, and
then existing drivers of complexity are depicted, followed by existing ways to operationalise
them. The second part is connected to sub-question 2, thus shifting the focus towards the
economic pillar of organisations and towards understanding the costs accounted for in an
IT landscape. A high-level overview of different model-based cost analysis techniques is
provided. Furthermore, the current usages of the “cost of complexity” are described.
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2.3.1 Complexity Drivers and Metrics
Classification of Complexity

Due to the escalating intricacy of the world, researchers in different domains started defin-
ing measurements of complexity for their respective fields of study, making it increasingly
important to understand what makes a system complex and how it can be managed [45],
[75].

A complex system, in literature, is defined by changes in elements that can drastically
modify relationships or even a system which cannot be fully comprehended [45], [75].
Systems thinking, as a domain of study or a cognitive paradigm, defines complexity as the
set of parts/components of a system that have vague or difficult-to-understand relationships
which may vary across time. This field of research looks at the world in terms of wholes
and relationships instead of breaking an event down into parts. This creates a paradigm
shift in which a transition from an analytical perspective to a systemic one in visible.

To understand different classifications of complexity, from the myriad of existing defini-
tions, various streams of literature have been analysed. One of the first classifications was
introduced in 1948, by Weaver [49]. He proposed two views for complexity: disorganised
and organised. On one hand, disorganised complexity means the existence of many vari-
ables, each having an individual erratic or unknown behaviour, as part of a system with
“orderly and analyzable average properties” [49, p. 538]. On the other hand, organised
complexity deals with “a sizeable number of factors which are interrelated into an organic
whole” [49, p. 539].

For algorithmic and computational complexity, some of the following classifications can
be considered: Kolmogorov complexity or entropy. Kolmogorov complexity is concerned
with the length of the shortest computer program that produces an object as an output
[50]. Entropy, in information theory, relates to the average level of uncertainty related to
a variable’s outcome [76]. The computational complexity of algorithms therefore touches
upon the efficiency with which a problem of a certain size can be solved.

In cognitive sciences, Fioretti [51] explains that complexity should go beyond the objective
view of the number of components. It should also look at the structure and behaviour of
an organisation and the impact of human cognition. “Complezity should not be seen as
an objective feature of some organisational characteristics, but rather as a relative decision
problem or to the representation a decision maker has of this problem” [51, p. 499|.

In social sciences, Mesjasz [77] investigates different typologies of complexities and proposes
a four-type classification. The complexity categories are self-referential (e.g., logical vs.
relational), gnoseological (e.g., semantic), chaotic (e.g., complex adaptive system) and
computational complexity.

As the thesis is concerned with the field of Information Systems, where I'T complexity refers
to the number of components of an architecture, their relationships, and heterogeneity, as
well as the levels of observation or subjectivity, the classification of Schneider 2| has been
analysed. This was introduced in Section 1.2.2. Schneider created a multi-dimensional
framework, defining complexity across four dimensions: organised vs. disorganised com-
plexity, qualitative vs. quantitative complexity, subjective vs. objective and structural vs.
dynamic complexity.

The dimensions are independent of each other, but it was shown that in practice they are
intertwined and can be combined in any way. Papers [2], [20] illustrate which are the most
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common combinations of the eight factors. Based on the findings, very few papers are
looking at the blending of dynamic complexity (the interaction amongst agents over time
with a complicated system interpretation) with disorganised systems (lots of variables and
vague relationships between them)|2]|, [20], [78].

Sheard [5] also introduces a framework of complexity types, as seen in 2.2. For the IT
landscapes, the focus, and the connection with Schneider’s framework [2] is the structural
and dynamic complexity (elements numbered 1-5 in 2.2). One interesting addition that this
framework brings is the difference between short-term and long-term dynamic complexity.
Short-term refers to sudden and unpredictable changes, whereas long-term is discussing
longer time scales in which changes are planned.
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FIGURE 2.2: Relationship of Complexity Type [5]

Complexity Drivers

From the classifications and definitions described in Section 2.3.1, the focus of the thesis is
linked with the architectural view on complexity. This means that complexity is related to
the number of components or elements of an architecture, their relationships and the vari-
ation or heterogeneity of these. Onderdelinden et al. [18] mention that the IS architecture
complexity also concerns the different levels of observation, considering the architecture as
a whole or at a granular level, as well as the nature and rate of change of the components
and their relationships.

Different views on factors influencing the complexity of an IT landscape were identified,
with the help of the SLR.

Beese et al. [79] propose five drivers for IT architectural complexity: size, diversity, in-
tegration, planning, and dynamics. Size refers to the number of elements present in an
architecture as well as the dimension of a single element (e.g., the volume of data processed
by a component). The larger the number, the higher the complexity. Diversity is linked
with variety (different categories), disparity (differences between categories) and balance
(evenness in distribution). Integration refers to the level of interdependencies among com-
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ponents, for example, task interdependency or the number of interfaces. Dynamics means
the change rate of the system or the individual components. Lastly, planning is connected
to humans and how aware they are of changes. One other paper introducing complexity
components of IT architecture is [80]. Schiietz classifies the origin of complexity into the
following categories: the number and heterogeneity of component and their relationships,
the rate of change, and the application to different I'T architecture domains (function, data,
technology, and interfaces). Similarly to Besse et al. and Schiietz, papers [81| and [82],
find the number of applications, heterogeneity, standards or functional scope as causes for
IT landscape complexity.

Another aspect that seems to cause complexity is the systems integration, as described
by Jain et al. [83]. An eighteen-criteria framework is proposed, depicting architectural
attributes, such as interface openness or abstraction of system architecture, that impact
the integration complexity.

For a more specific origin of complexity that negatively impacts costs, architecture de-
pendability, maintenance, and evolving systems, Wehling’s work [15], [84] can be analysed.
The author proposed unnecessary variability as a cause for complexity.

For large-scale complex IT systems, Sommerville et al. [85] introduce two origins of com-
plexity: trust relationships of components in a system and lack of knowledge about the
system (from a human perspective). The trust relationships lead to inherent complexity,
whereas the knowledge gaps produce epistemic complexity. Inherent complexity depends
“on the number, existence and nature” 85, p. 3] of the dynamic relationships between ele-
ments in a system. The epistemic complexity is linked to the individual’s lack of knowledge
about a system.

Mocker [86] investigates the origins of complexity for application architecture. He discovers
that interdependence (interconnectedness), redundancy (supporting the same process), the
number of different applications, as well as their age impact cost (e.g., maintenance and
operation), agility, and the overall IT complexity. Furthermore, the complexity of the
business requirement that an application is helping with can generate overall complexity.
By performing a case study at an investment bank working with 273 applications, Mocker
observes that interdependency is the main origin of complexity and the only aspect that
“behaves as assumed by consultants and researchers with respect to cause and impact” [86,
p. 7]. This means that applications with more interfaces are usually the older, legacy ones,
that support more processes and have higher maintenance costs. For redundancy, the case
study uncovered that applications with a higher overlap do not lead to higher IT costs,
but they create a complex environment.

Lentz and Bleizeffer [87] support the above-mentioned points, but they also discuss the im-
pact of unintelligent design as a cause of I'T complexity. Frequent application updates and
fixes for a faster turnaround are high priorities in larger enterprises, such that everything
can operate accordingly. Moreover, the authors state that users normally have specialised
interaction styles with different design goals, thus not a one-size-fits-all design. These two
considerations can lead to architectural technical debt. Quick fixes in one area of the en-
terprise can mean accepting compromises in other areas, generating a higher complexity,
or cost to restore the state of the system in the future [88].

Technical debt has its roots in the software development industry. This describes the
delayed technical development activities for getting short-term payoffs or timely release of
specific software [89]. It means accepting compromises in a specific domain that requires

21



urgent attention, but overlooking how these compromises will affect other areas of an
organisation. To further amplify this, it can happen that new artefacts are being built
on top of such suboptimal implementations. These concerns can lead to higher costs of
rework to restore the health of the system. Atchison [90]| describes how technical debt and
complexity go hand in hand and concludes that technical debt is the core of I'T complexity.

Architectural debt resides under the umbrella of technical debt [91]. This represents the
violations of code towards an intended architecture (e.g., having dependencies that cause
the propagation of refactoring). Martini [91], [92] illustrates possible causes leading to
architectural technical debt, for example, business factors, the use of third-party/open-
source systems that were not initially part of the architecture, parallel development, non-
completed refactoring (e.g., using a new application programming interface, however, the
previous one cannot be removed because of backwards compatibility) or the human factor
(e.g., differences in knowledge, ignorance, error-prone situations).

As technical debt and architectural technical debt are both very specific to the software
domain, Hacks [88], [93] coined the term Enterprise Architecture Debt to create the link
between business and IT. Enterprise Architecture Debt is a metric that depicts “the de-
viation of the current present state of an enterprise from a hypothetical ideal state”|88, p.
5]. This can mean that elements in the architecture are not implemented or executed opti-
mally in an ideal situation. Besides elements not implemented optimally, debt is increased
by bad interfaces, interoperability issues or different priorities of stakeholders. EA debt
should be evaluated with respect to future evolutions, as the new developments may rest
on sub-optimal implementations. To understand the taxonomy of EA debt the work of
Daoudi et al. [94] serves as a reference point.

Table 2.1 has been designed to focus on classifying possible origins of complexity in the
five groups proposed by Beese [79]. The elements which could not fit into the categories
are part of the “Other” group.

Table 2.1: Causes of Complexity in an I'T Landscape

Category Indicator Meaning
Unnecessary variability Alternatives (to an artifact) exist; thus,
(Similarity) the artifact is not required to serve the
architecture.
Diversity Functional scope The number of business functions
realised by the application.
Task interdependency/ The number of components that support
Redundancy the same processes; the degree to which

an application covers certain
functionality already covered by another

application.
Different The number of different elements in an
applications/elements architecture.
_ Dimension of a single e.g., The volume of data processed by a
Size element component

Continued on next page
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Table 2.1: Causes of Complexity in an IT Landscape (Continued)

Category Indicator Meaning
Infrastructure components ~ The number of infrastructure
components realising an application.
Application The number of application
. interfaces/information interfaces/information flows/integrations

Integration flows that compose the landscape.
Interconnect or Integration Width of integration and integration
patterns pattern complexity.

Coupling Loose or tight couplings between
applications.

Change rate in number Frequency of changes in the architecture.

and variety of components

Dynamics Trust relationships If one component (A) does not trust
(Inherent complexity) another one (B), but after checks it can

trust it.

Planning Lack of knowledge about The architect does not know about the
the system (Epistemic system’s components and relationships.
complexity)

Other Communication standards  Applications may use different

communication standards which can lead
to complexity.

Age/Legacy system

The age of the system can lead to
complexity. Over time many changes get
implemented in a rush rather than a
well-designed way, this means that older
applications could be more complex and
less frequently exposed to changes.

Standard conformity

Check the type of application: buy
(available on the market), make/buy
(buy and make alterations), customise
(full customisation and build of the
application).

Standardisation of
constructing elements of
the component,
infrastructure, technology
stack

The standardisation of the constructing
element infrastructure. What the
application is built on follows the same
standards.

Architectural debt

Accepting compromises in one dimension
to meet another urgent demand in
another dimension.
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Table 2.1: Causes of Complexity in an IT Landscape (Continued)

Category Indicator Meaning
Enterprise Architecture Deviation of the current present state of
Debt an enterprise from a hypothetical ideal
state.

Operationalisation of Complexity

Quantifying architectural complexity is a difficult task, as a myriad of factors, as depicted
above, can impact the overall architecture. Saat mentions that elements and relationships
of an architecture change over time, hence challenges of complexity measurement are also
concerned with dynamic aspects such as: “the wvolatility of architectural layers, architec-
tural elements and their interrelationships (frequencies of change and lifecycles)” or the
“prediction and management of impacts of changes on different granularity levels”|95, p.
3.

The “lack of any generally accepted methodology for complexity measurements” |20, p. 115]
has been identified as a challenge in the past [96]. To address this gap, Iacob et al.
[20] performed a systematic literature review (assessing 20 prevalent papers) to make an
inventory of complexity metrics used in different domains. 42 complexity metrics, as seen
in Appendix C were identified. Some of the identified metrics are the number of relations,
number of elements, cyclomatic complexity, conformity, or redundancy.

Based on this classification and the work of Tacob et al. [20] it is visible that the dynamic
aspect of complexity is not addressed in the literature.

To build upon the work performed by Iacob et al. [20], the academic works which were
written after the publication of their research and which can bring additional insights into
the operationalisation of complexity have been inspected.

One recent development in the literature, focused more on the dynamic aspects of complex-
ity is Adaptive Enterprise Architecture. Considering that adaptation is essential in highly
competitive and dynamic business environments, Daoudi [66] introduces this approach of
proactive sensing and responding to change, to explicitly manage trade-offs. In moving
from as-is to to-be scenarios, the EA Degree of Dynamic Complexity (DDC) is proposed,
as seen in equation 2.1. i is the indicator of the EA version (i is the current architecture,
i+1 is a possible to-be architecture), the first element of the sum is concerned with the
values of dynamic factors (changing in time), whereas the second one is related to static
factors. N represents the number of factors selected for the analysis.

. i()+f)
DDC i, i+1(t)=>_7_; fj(% i where n € N (2.1)
Furthermore, paper [66] lists existing types of calculation for some complexity metrics, such
as an interdependence matrix (for measuring layer interdependency Business-Application-
Technology), entropy (for heterogeneity) or a context awareness capability matrix (for
subjective complexity).

Another important complexity measurement that can be used to choose between EA alter-
natives is proposed by Rojas [97]. He mentions that complexity metrics at the implemen-
tation stage identify elements that can either reduce or increase complexity, for example,
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a high cohesion between elements, respectively a high coupling between elements. For the
design phase, to re-estimate project effort and understand the complexity of EAs, Rojas
proposes the Structural Complexity Measure (SCM), as seen in equation 2.2. This mea-
sure looks at functionalities and dependencies at different architectural levels, for example
checking the dependencies between projects (level 0) or between processes, applications,
and data (level 1).

S C M=F31 4 p3H (2.2)

To combine the work of Tacob et al. [20] with the new developments in the field, table C.1,
in Appendix C has been designed. The concepts present in the table are selected from
relevant contributions in the field which operationalise complexity factors.

Answer to RQ 1

The first sub-RQ, “Which complexity metrics can be used to measure change in an IT
landscape?” was aimed at identifying metrics that can help with the quantification of
complexity during change processes.

The literature on the complexity of IT is very dispersed, with each author trying to either
zoom in on a specific aspect, such as application complexity or offer a high-level image
of what can be considered a factor or metric for complexity. No study offers a clear
understanding of what are the causes and the possible means to measure complexity at a
holistic and dynamic IT landscape level.

For the complexity origins, several factors are highlighted in the literature. By leverag-
ing the empirically tested hypotheses of Beese |79] showing the existence of relationships
between drivers of complexity, and the strong effect of structural complexity on dynamic
complexity, all these factors leading to complexity can be experienced in the transforma-
tion/change of the IT landscape.

When performing a search for identifying complexity metrics, it was rarely the case that
dynamic aspects such as volatility, and interdependencies of impact of change were ad-
dressed. EA Degree of Dynamic Complexity [66] was one metric trying to address the
dynamic aspect of complexity.

Table 2.2 has been designed as the answer for the first sub-question. Hence, the metrics
in the table represent the prevalent findings of the exploratory and systematic literature
reviews.

In the table, there are three levels of the IT landscape (business — application - technology),
as supported by ArchiMate’s core metamodel [1] seen in Figure 1.1, such that complexity
origins and metrics can be linked upwards with the business and downwards to the tech-
nology layer. The “Other” category in the table, contains complexity drivers and metrics
that can be applied to and influence the whole architectural landscape.

As the scope of the thesis is limited to the application landscape complexity, the drivers
and indicators in this category are selected for the case study.

25



Table 2.2: IT Landscape Complexity Metrics

Level Indicator Meaning Metric
_ Unnecessary  Alternatives (to an Create an influence
Business variability artefact) exist; thus, the relationship matrix or
artefact is not required to  design structure matrix.
serve the architecture.
Functional The number of business Count the number of
scope functions realised by the business functions that an
application. application realises.
Task interde- The number of Create an influence
pendence or  components that support  relationship matrix or
Redundancy  the same processes. design structure matrix.
o Number of The number of different Count the total number of
Application application-  elements in an elements.
s/elements architecture.

Dimension of

e.g., The volume of data

Verify the size of the

application processed by a component.
component.

Interfaces The number of application Count the total number of
interfaces/information relations.
flows/integrations that Use SCM for
compose the landscape. functionalities and

dependencies. Use
structural complexity
formula (based on number
and heterogeneity).

Heterogeneity Entropy of element or Use the entropy formula
relation. for either relationships or

components; e.g., verify
functionality overlaps or
data overlaps

Standard Applications may use Verify the communication

communica-  different communication standard of components.

tion standards which can lead
to complexity.

Standard Check the type of Application type

conformity application: buy complexity — number and

(available on the market),
make /buy (buy and make
alterations), customise
(full customisation and
build of the application).

heterogeneity of the
customisation levels
(make, buy and customise
or buy of a domain
application).
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Table 2.2: IT Landscape Complexity Metrics (Continued)

Level Indicator Meaning Metric

Age The age of the system can  Verify the age of the
lead to complexity. Over application.
time many changes get
implemented in a rush
rather than a
well-designed way, this
means that older
applications could be
more complex and less
frequently exposed to
changes.

Interconnect ~ Width of integration and  Use cyclomatic complexity
integration pattern for architecture.
complexity.

Coupling Loose or tight couplings Use the coupling factor.
between applications.

Components  Different types of Count the different types

Technology technology realise an of technology (e.g.,
application. number of OS,
middleware, databases).

Standards The standardisation of the Verify the used enterprise

for infras- constructing element standards.

tructure infrastructure. What the
application is built on
follows the same
standards.

Change rate  Frequency of architectural ~Check the number of

Other/Dyn. changes. changes in a time period.

To-Be Choose a to-be Use Fuzzy AHP.

architecture  architecture.

Trust If one component does not Use Degree of Dynamic
trust B, but later after Complexity.
checking it trusts it.

Lack of The architect does not Check the knowledge of

knowledge know about the system’s the architect in a
components and subjective manner. Using
relationships. an awareness matrix can

help.
EA debt Various EA smells metrics  Use the online catalogue

can be selected.

created by Hacks [98] and
apply it to ArchiMate
models.
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Table 2.2: IT Landscape Complexity Metrics (Continued)

Level Indicator Meaning Metric

Propagation = The cost incurred when a  Use visibility fan-in and
cost randomly chosen out, as well as the
application is changed. propagation cost.

2.3.2 Costs of an IT Landscape

Analysing costs is an essential aspect of every enterprise, and cost concerns are one of the
main stakeholders’ interests [99]. This section aims to provide an answer to the second
sub-RQ, “Which types of costs are associated with an I'T landscape?”, by shifting the focus
towards the economic pillar of an organisation.

As the quantification of complexity should be done based on designs depicting the IT
landscape, it is first investigated what types of costs normally emerge when performing
model-based cost analysis. Next, the meaning of the cost of complexity is researched. By
looking at both categories (costs accounted for based on designs and the costs linked with
complexity), several IT costs emerged.

Model-based IT Cost Analysis

As discussed in Section 1.1, architectural representations are expected to help an enterprise
manage complexity. However, using EA models to quantify different types of costs is an
aspect which is mostly overlooked in both academia and practice. Miguens acknowledges
the fact that EA misses a viewpoint for representing costs and mentions that there is a
“lack of solutions to integrate EA models with cost models” [99, p. 484].

Cost Associated with ArchiMate Components

Currently, most organisations use TOGAF as a framework for building architectures. One
of the modelling languages supporting this framework, used worldwide by practitioners
and scholars is ArchiMate [100]. The core model of ArchiMate allows extensions by adding
various attributes to concepts and relationships [99],[101]. Several papers addressing how
ArchiMate models can help with cost analysis are further discussed, as well as other model-
based approaches for depicting costs.

For performing quantitative analysis of EA models (especially with ArchiMate), previous
works introduce approaches to quantify workload by measuring effort through performance
measures or costs [56], [57]. Given an ArchiMate model, a top-down and a bottom-up
method can be described. Starting with the top-down approach, this means that the
higher layers in a model impose a workload on the lower ones, whereas the performance
and cost of lower layers impact the higher ones. As cost concepts are not part of ArchiMate,
the authors of the papers mention that attributes can be added to components to quantify
concepts and relationships in such models. Hence, if a design is created in ArchiMate and
one adds the license cost as an attribute for an application component, this is permitted
by the modelling language. To then perform a cost analysis, the propagation of clearly
defined costs through the layers can be observed.

Several types of IT costs can be depicted in a model. These depend on the different
stakeholder’s perspectives (the level of observation). For example, the user of a solution
is concerned with the response time (e.g., price per use, the cost of a service/product),
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from a process perspective the completion time is important (e.g., the sum of all resource
completion costs), the product is connected with the processing time (e.g., the sum of all
business resources completion cost), the system is linked with throughput and the resources
that must be utilised (e.g., they will have a variable or a fixed cost assigned to them).

By using a model-based approach an architect can arrive at better I'T investment decisions
considering project costs, risks or benefits of a certain solution [102]. Once again, the
work done by Aldea et al. [102| supports the fact that cost can be an attribute of any
architectural element. For I'T project selection, cost is seen as the “cost of a project”, and it
must represent the quantity of a resource needed for an activity [101]. Other types of costs,
mentioned by lacob et al. [101], that can be part of the IT landscape, and specifically in
the application landscape are application component costs or interface costs.

Based on the work presented above and the consensus that costs can be attributed to
elements in architectural designs (e.g., in ArchiMate) and propagated from one element
to the other, Miguens [99] created a viewpoint for costs in ArchiMate. This helps with
calculating the cost of services or products, by combining time-based activity costing (mea-
suring capacity cost rate, cost of activity, time taken to perform an activity) and business
processes. Several types of costs are assumed to encompass the “final value” (e.g., cost of a
service). These are the capacity cost rate (cost of resource divided by the amount of time
that resource is available to work), the cost of capacity supplied or the cost of an activity
(time taken multiplied by a unit cost).

Vilja [103] exemplifies the analysis of costs, alongside availability and interoperability,
with an ArchiMate-based example. In the case of microgrid controllers, the characteristics
of system architecture containing such embedded systems, are depicted. Each concept in
ArchiMate is illustrated as a class which can have multiple attributes, and costs are some
of them. The following concepts were assigned initial and yearly costs: business service,
business function, application service, function, component, and infrastructure service or
component.

As the costs can be illustrated as attributes for elements in ArchiMate, another prevalent
work [104] introduces a framework for IT investment cost assessment. The cost taxonomy,
which includes elements such as project management costs or operation and maintenance
costs, can guide an architect in quantifying I'T landscape costs. One important element
stated in the paper is that most I'T investment appraisals are focused on the most obvious
costs [104]. The work of the authors also describes important drivers of costs, such as
geographical spread which can influence both the cost and the level of complexity of the
business process re-engineering, the scenario complexity, the number of systems, standards,
or the team’s ability to implement a change.

Other Costs Applied to Models

Moving from ArchiMate-specific cost analysis, Lagerstrom [105],[106] introduced a meta-
model for modifiability analysis. The author mentions that most business processes are
supported by software systems which need to be modified (e.g., either extended, deleted,
adapted, or restructured) to keep up with the dynamic business environment. These modi-
fications can range from a few functional requirements in a single system, to creating a SOA
for the whole enterprise [105]. The cost of change in the IT landscape is measured in the
number of man-hours needed to implement the modifications. This is directly influenced
by the expertise of the architects/developers and the number of architects, the maturity of
a change management process, the synchronization needs, as well as the change difficulty
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or size.

Paper [107]| provides a method for assessing organisational decisions in terms of cost and
profit. The cost-benefit analysis method is used for measuring costs and to scale the
return on investment (ROI) of different EA scenarios. Based on different business goals
(EA scenarios), different activities must be performed, and given the rankings of quality
attributes, such as flexibility, efficiency or security, the ROI will be equal to the benefits
calculated divided by the total cost of a project estimated by experts.

Li [108] describes a semantic eXtensible Business Reporting Language model for enterprise
total cost analysis. To understand different types of costs, an ontology for financial terms
is used. The two types of costs discussed in the paper are activity and product costs. The
activity cost is linked with the number of expenses, and the product cost is the general
management expense.

Cost of Complexity

Transitioning to what the combination of “cost of complexity” can mean, the literature
rarely tries to investigate what are invisible costs that are driven by a complex IT land-
scape. In most cases, the complexity of an IT landscape is associated with a higher total
cost of ownership (T'CO). This stems from looking at only the number of applications or
infrastructure components and quantifying the expenses spent on purchasing, running and
maintaining them. Not enough attention is given to what other types of costs can be
experienced by an organisation due to the complexity of an I'T landscape.

Sometimes, authors such as Swenson [109] mention that the cost of complexity is linked
with the overhead costs, the percentage of total product cost and the percentage of rev-
enues. Other times, looking at costs and complexity is defined by using a part number
count. By doing this, one can measure the cost of introducing or maintaining a new com-
ponent in the system. However, the cost of complexity does not grow in proportion to
the number of components in the I'T landscape, but in proportion to the number of links
between them as they interact with one another [110].

Thus, only by saying that a new part increases the complexity of the landscape and the
costs associated with the expenses incurred for the new part grow, is not sufficient. It
is also important to note that generally, costs of individual items are considered (e.g.,
application costs, license costs etc.), but the cost of complexity is highly dependent on the
component that was previously in place or new links between components [110], [111].

Several papers touching upon the connection between cost and complexity have been anal-
ysed and are described below.

Costa [112] describes approaches to quantify complexity, such as entropy, the Kolmogorov
Complexity or dynamic system complexity, and the costs emerging due to complexity. In
his work, complexity is based on costs related to mapping entities into models or errors in
reconstructing the representations of the models. Thus, the complexity is related to the
development of a complete and accurate model and the error of reconstruction [112]. If
these two types of costs: modelling (how much one invests in representing the state of the
system) and restructuring are high, then complexity also increases. Nonetheless, the more
accurate the model is, the less costs of reconstructing the model will be incurred. Thus,
costs are related to complexity as the following formula holds: complexity is equal to the
cost of modelling plus the cost of restructuring. This formula is influenced by the person
looking at a model and the available resources for modelling.
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Another prevalent work, [113|, aimed at presenting techniques for estimating the cost of
complexity and bridging the gap concerned with the lack of quantitative work helping
managers and designers understand this cost. Sturtevant [113| only mentions, from a
complexity prism, that highly complex software impacts the productivity of employees
(impaired by complexity), the turnover (people leaving due to architectural complexity),
and defects (having a higher density in architectural complex source codes).To control
complexity, hierarchy, modularity, and abstraction layering can be employed (e.g., use
design structure matrix and group applications into “core” or “peripheral”).

The work of Diao et al. [114] connects with the two above-mentioned papers as it showcases
that complexity metrics must be related to a model. Evaluations can then be performed.
The relationship between complexity scores and the time it takes an individual to act will
lead to a quantitative measure of costs. To manage complexity, standardised components
are preferred instead of custom-built ones.

For software development projects, two papers address the cost and complexity relation-
ship. The first one, [115] suggests that 16 complexity factors must be rated first and
then by summing them (using parameters and weighting) the cost will be expressed in
man-hours times the effort. The second paper, [116], represents a proposal in which the
importance of determining the cost of change is emphasised. The author hypothesises that
“the cost of change is directly related to the structure of the design of a software system
and the metrics proposed” [116, p. 31].

In the field of product development and engineering, the work of Georgiades et al. [117]
describes the cost propagation due to design changes. The authors create a methodology
for predicting, visualising, and assessing the propagation of change and the cost associated
with it. This method is called “Cost Prediction for Change Propagation” or CP2. Based
on the dependencies of components and expert opinions on how these influence each other
and what costs can be incurred, a correct calculation of the cost of change will be revealed.
This preference of assigning the costs by experts is also present in paper [118]. The au-
thors propose a heuristic-based complexity method to estimate costs. It is described as
applicable to all systems. Based on expert opinions cost-inducing parameters are assigned
and complexity magnitudes are given.

Lastly, an interesting approach for turning economic value from subjective into objective
with the help of complexity theory is introduced by Murialdo and Cifuentes [119]. As also
explained by Sturtevant [113], to understand how to measure effective complexity one must
break down the ensemble and look at its regularities. This is additional to embodied infor-
mation which can be measured with, for example, entropy. Hence, the effective complexity
goes beyond intrinsic value and considers how in the future an object (physical, idea, ser-
vice, application etc.) can lead to an overall higher complexity. There are two valuations
discussed in the paper: the total complexity (TC) and the complexity opportunity cost
(COC). To determine TC, the object of interest and its context/surroundings are encoded
in a simulation as information. There will be two simulations, one with the object and its
context and one only with the context/surroundings (making abstraction of the object),
run for a period of time. The difference between these two results will be the difference in
complexity between the two worlds.

COC is equal to the total complexity added to the system if the time and resources had
not been expended elsewhere. For example, the resources which are present at hand mean
less complexity than the ones that should be acquired/updated etc. The value, in terms
of price and compensation, will be the intersection of total complexity and the COC (loss
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without the individual object).

Answer to RQ 2

The second sub-RQ “What types of costs are associated with I'T landscapes?” was formu-
lated to create the design of a comprehensive overview of possible costs connected to I'T
landscapes.

The systematic literature review performed for sub-RQ 2a showcased the lack of cost
models applied to EA models, as techniques for the quantitative analysis of architectural
models hardly exist [56]. Furthermore, the existing literature mentions determining visible
costs such as project, product, and service costs but only alludes to the costs that can be
experienced due to a complex IT landscape.

As sub-RQ 2a aimed at identifying best practices for model-based cost analysis, a few ideas
must be acknowledged. It is important to note that in ArchiMate any type of cost can be
attributed to an element and propagated via a bottom-up approach. This ultimately can
allow a summation of costs for the total landscape.

Model-based cost analysis also implies using financial terms and taxonomies or ontologies
for IT landscape costs. Now, for most of the important decisions taken in companies, the
guiding costs are the “obvious ones” [104], the direct or the visible costs. The majority
of costs used in taxonomies and later represented in models fall under the investment or
operation and maintenance categories, and it is rarely the case that costs incurred during
change processes or due to a complex landscape are described.

This underlying idea is also supported by considering the comparison of cost taxonomies
for information systems management, introduced by Irani et al. [120]. Some of the least
discussed costs are part of the change or project management categories [120]. Moreover,
considering frameworks for I'T governance, such as the Information Technology Infrastruc-
ture Library (ITIL), this focus on linking the operational costs with the complexity of the
IT infrastructure is highlighted once more [121].

Sub-RQ 2b tried to uncover the use of “cost of complexity” in different domains. It was
observed the common approach in the synthesis of terms cost and complexity is to first
determine the costs of individual parts and look at an element’s intrinsic value, rather
than consider the components as highly dependent on each other and see how landscape
complexity can drive costs.

The cost of complexity can then be said to grow in proportion to the number of links and
interactions of components over time. It is important to also note the level of abstraction
of the IT landscape, as sometimes modelling an IT architecture more thoroughly can
potentially decrease the cost of restructuring.

One recurring element mentioned was that the cost of complexity must be based on simple
measurements. “Often humans treasure things for their simplicity” [119, p.75] and by
breaking down the cost of complexity into more manageable parts, a more objective view
can be created.

Once these components leading to complexity are identified, different calculations should
be in place, for example, calculating the probability of a design change, model rework or
the product cost. The costs are mostly assigned by experts (e.g., by giving weights). This
means that the cost of complexity can be calculated as a mathematical formula between
the complexity factor score and the expert-assigned costs.
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In Figure 2.3, an overview of I'T landscape costs is introduced. The costs are assigned into
two categories visible or hidden costs. The visible costs are the direct ones, normally ac-
counted for when working with IT (pieced together during the literature reviews), whereas
the “hidden ones” are the costs that can emerge when IT landscape complexity hinders the
change process of an organisation.

Hidden Costs

Costs I I
Business service | | Business function | I I
Infrastructure Costs I jedaliaCosts I
| Infrastructure service | | Infrastructure component | I I
| |
Application Costs I
Application service | Application component | Application function | I
I Available resources I
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Consolidation | | Change/Restructure | | Labor/Trainings/ Support | I Opportunity Costs I
Run and Maintain I Productivity Costs I
Costs ) X N - I
‘ Configurations | | Integrations | | Migrations | | Phase out | I
Activity/Labor | Security | | Upgrade | I I
e

FiGURE 2.3: IT Landscape Costs

2.4 Summary and Takeaways

The chapter starts by introducing the two knowledge questions that try to ascertain what
complexity metrics can be used to measure changes in an I'T landscape, as well as create an
overview of types of costs associated with complexity. To answer these questions, once they
have been defined, a search of prevalent literature was performed, followed by a selection
and analysis of results which were ultimately synthesised and presented in this chapter.

The key takeaways from Chapter 2 are the following:

e There are several ways to classify complexity, but for IT landscape complexity, where
one needs to consider the number of components of an architecture, the relationships,
their heterogeneity and the levels of observation, the classification of Schneider [2] is
appropriate.

e Both short-term and long-term dynamic complexity are under-investigated areas of
research.

e Numerous drivers for IT landscape complexity are present in the literature, where
the most-mentioned are: size, age, diversity, unintelligent design leading to technical
debt, and integration /interconnectedness.

e Complexity metrics range from simple counters, such as the number of relationships,
and elements to cyclomatic complexity or entropy. However, when dealing with
dynamics and changes in the application landscape the EA DDC, SCM and Fuzzy
AHP (as formulas) can be employed.
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e When performing model-based cost analysis or when considering changing the I'T
landscape, the majority of costs accounted for fall under the total cost of ownership
category. This means acknowledging project, application licenses, interfaces, and
run, operate and maintain type of costs.

e Based on the literature study, it was identified that not enough attention is given to
the invisible costs (of change) emerging due to a complex IT landscape. Furthermore,
the cost of complexity is expected to be directly proportional to the number of
interconnections between elements and their interaction.
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Chapter 3

Problem Investigation

Chapter three proceeds to showcase what methods guided the formation of an answer to
the design questions (RQs 3-5), introduced in Section 1.4.1. Having identified complexity
drivers, metrics and costs associated with the IT landscape (as seen in Chapter 2) and
starting from the premise that complexity hinders the overall understanding of a landscape
when a change is made, the inputs for creating the artefact are collected through a case
study.

Section 3.1 begins with a description of what performing a case study entails. Moreover,
an introduction to the enterprise at which the thesis was conducted is given. The next
section, 3.2, describes the goals, outcomes and the overall structure of the survey performed
as part of the case study. The same elements are then detailed in Section 3.3 for the two
types of interviews conducted during the research: one concerned with the complexity of
an application landscape and one on its costs. This chapter showcases the results from the
information retrieval procedures and their analysis. This can be seen in Section 3.4. To
conclude, the key takeaways from this chapter can be found in Section 3.5.

3.1 Case Study Design

In this section, the case study methodology is detailed. Next, the enterprise at which the
case study has been conducted is introduced. Furthermore, the connections between the
literature findings and the current context of the company are depicted. Lastly, a detailed
explanation of the stages guiding the case study within the company is presented.

3.1.1 Phases of Case Study

A case study represents a qualitative research method. This is an empirical inquiry, suitable
for investigating a phenomenon in a real-life setting [122]. Moreover, patterns are visible
in an easier manner after performing observations in the field.

According to Yin [122], case study research involves 6 steps: plan, design, prepare, collect,
analyse and share. In the plan phase, a case study is selected based on research questions
that aim to investigate a contemporary phenomenon. Then, during the design stage, a
hypothesis is defined, alongside validity or reliability criteria. In the preparation step,
the researcher must revise their skills and create a thorough study protocol. For the
collect phase, different data is gathered and promising patterns, insights and concepts
become visible. The case study evidence can be collected from primary (e.g., interviews,
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questionnaires) or secondary data sources (e.g., documentation). The analyse stage is
concerned with creating links between the findings and drawing conclusions that can be
shared with the intended audience during the Share phase.

Following the approach explained by Yin, Tellis [123] proposed an application of a case
study methodology. By having four stages (which encompass the six phases introduced by
Yin [122]): design the case study (skills needed, protocol), conduct the case study (data
collection, questionnaire, interviews), analyse evidence (analytic strategy) and develop
conclusions, recommendations and implications, interesting findings can come to light.

The thesis, therefore, follows these four steps, as seen in Figure 3.1.

* Required skills } P * Prepare for data
*Develop and S collection
review protocol for " * Survey
/
case study / * Interviews

4

7 Design Conduct

‘. ~ |

\ &L

\ Develop
Conclusions

Analyse

e Conclusions * Analytic strategy

¢ Recommendations

* Implications

F1GURE 3.1: Case Study Phases

3.1.2 Company Description

To understand how complexity can be managed and quantified, a case study approach has
been selected.

Overview of the Enterprise

For the research, the case study was conducted within a large organisation focused on
providing energy solutions to customers all over the globe. The company operates in
more than 70 countries worldwide and some of its core activities include the exploration,
production, refining or marketing of oil and gas products. Additionally, alternative or
renewable energy solutions are part of the activities that the organisation is concerned
with. The energy solutions, thus range from fuels and chemicals to hydrogen or liquefied
natural gas.

Due to this global spread and the diversified business activities, the company is structured
in numerous teams and business units, having a large number of employees that work in
refineries, production facilities and also the corporate environment.

When talking about the I'T landscape of this company, currently, the number of applications
used by the organisation is in the range of thousands, supporting a diversified portfolio.
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Furthermore, advanced technologies are being used to help build a more sustainable future
and serve the needs of both commercial and industrial customers daily. Size-wise, this
creates a large I'T landscape.

To remain competitive in the ever-changing and evolving environment, the organisation
needs to generate value from their I'T landscape. The architectural department of the
organisation recognises the need to simplify and integrate the platforms and architecture
roadmaps, having the right resources (both technical and human) to navigate an intricate
IT landscape, whilst focusing on cost and value delivery. This department helps with
various pillars of the organisation such as asset management, human resources or legal.

Problem in Context

Currently, this large enterprise aims at simplification and integration of various application
components or technologies. Simplification is connected to the process of rationalising the
IT landscape. On one hand, this means, the organisation wants to get more visibility
about the components of the landscape to reduce the costs required for applications or
technologies. On the other hand, this higher visibility means a better decision-making
process. With informed decisions, an agile roadmap towards the future is expected to be
of higher quality. By having this in place, more customer value and alignment between
business and IT can be achieved. However, changing quickly to meet business requirements
(having the necessary agility and flexibility), is inhibited due to the complexity of the IT
landscape.

Numerous initiatives and guidelines exist that touch upon the simplicity of an IT land-
scape, however, none provide a method for visualising the value of complexity or the costs
associated with the change process in a complex environment. Hence, it is important to
observe what complexity indicators are relevant for the enterprise, what drives them, and
how a combination of these can quantify complexity. It should also be investigated what
types of costs are usually driven by the complexity of the I'T landscape.

As mentioned in the introduction, from the overarching IT landscape, a smaller subset is
selected as the scope of analysis in the case study. This is the application landscape.

Therefore, application landscape complexity (considering the application components, their
interconnections, and the data exchanged) must be calculated. To be able to quantify this
type of complexity, a limited scope within an enterprise has been selected. This is due to
the fact that quantifying ALC for the complete enterprise is a far too broad research area.

The decision was thus made to focus on quantifying ALC for a limited scope - the changes
made by projects. The belief is that quantifying complexity in such a manner helps with
selecting the best options in projects.

Therefore, for projects, the type that can assist in creating a method for quantifying ALC is
the one which includes detailed solution options. This means having a representation of the
current state in place, alongside the different future options. These documented solutions
help in observing how architects perceive the complexity of the application landscape, and
whether or not complexity hinders the agility of an enterprise.

3.1.3 Case Study Design

In a real-life setting, it is important to see if the literature findings discussed in Chapter
2 still hold. Once mapping the literature to the organisation and uncovering requirements
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and new insights, the artefact design can be guided with the help of the four steps defined
by Tellis [123].

Design

The first stage is the development of the case study protocol. Two subsequent steps must
be in place: determining the required skills of the researcher and reviewing the protocol.
According to Yin [122], the skills needed to engage in a case study range from having the
ability to ask good questions and interpret responses to having a firm grasp on the issue
studied. For the protocol, this means creating a plan of approach with key stakeholders. For
the thesis, several meetings were conducted with the company and university supervisors
to ensure that the study design was achievable and sound.

During the case study, the involved participants were split into two groups. The first
is the advisory group, formed by four experienced architects working in different parts
of the enterprise. This group was regularly informed of the research progress, provided
advice and assisted in the validation of the case study results. Next, is the “interview
group” composed of I'T managers, lead architects, solution architects and data architects,
as well as strategy and planning representatives. Furthermore, additional discussions were
conducted with people having various functions in the organisation to understand how the
topic of application landscape complexity and its associated costs is interpreted.

Conduct

The second stage is “Conducting the case study”. To conduct the case study, both a survey
and interviews were performed, as these helped with the creation of a sound study of the
investigated phenomena [68]. Furthermore, these two approaches are practical ways which
allow the inclusion of personal experience in the “construction of knowledge” [124]|. Hence,
the choice to conduct the case study via interviews and a survey is justified by the desire
to create an in-depth understanding of the researched topic by combining multiple sources
of evidence.

Additionally, by involving participants in a survey and interview, it is believed that the
designed artefact in this research will have a better acceptance once proposed.

Three steps must be performed to carry out a successful research project. The first is
preparation for data collection. A study database is constructed and is comprised of any
observations, consulted documents, additional literature, and remarks from open-ended
conversations.

The next step is the distribution of a questionnaire/survey. This is described in detail
in Section 3.2. Lastly, interviews need to be conducted, for a better focus on the case
study topics. Section 3.3 explains the two types of interviews used in this case study. For
both the survey and the interviews, numerous ethical principles were followed based on the
extensive list presented by Oldendick [125]. Furthermore, the guidelines used by the Ethics
Committee of the University of Twente were followed. Some of these principles guiding the
research are the voluntary participation of the people involved in the research, informed
consent, anonymity and data protection. As transparency was an essential factor in this
research from the beginning, the participants in the case study were regularly updated
with the collected insights.

Different sources of evidence were consulted. These are the survey results, the insights
from the interviews or the observations made by conversations in the office. According to
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Yin [122], by having multiple sources or achieving the triangulation of evidence, creating a
study database and maintaining a chain of evidence, the reliability of the study increases.

Analyse

The third stage of the case study is the analytic strategy development. Sections 3.4.1 and
3.4.2 explain the undertaken analysis process for the survey and the interviews.

Conclude

Lastly, the most important aspect from a user perspective is the presentation of answers.
To use the uncovered findings further, the thesis must use appropriate language, aligned
with the one used within the organisation. Besides the conclusions, recommendations on
how to develop the artefact need to be provided.

3.2 Survey

This section first explains the reasons for using a survey as a means of collecting data
during the research. Next, the process underpinning the survey is detailed.

3.2.1 Goals of Survey

To design a measurement method for quantifying ALC for an organisation, it is important
to start by understanding its current positioning in terms of complexity management.
Moreover, the perception of stakeholders on complexity drivers needs to be investigated.
A survey has been distributed within the organisation, to familiarise participants with the
research. As the case study uses both a survey and interviews, the participants will be
made aware of the topic of the thesis before the interview. The survey helps in gathering
initial opinions on the topic of application landscape complexity.

A survey is “a method of gathering information from a sample of individuals” [126, p. 9].
The survey allows participants to respond to questions at their preferred time [127]. A
combination of open-ended, multiple-choice, closed and rank-order questions is selected.
This keeps the participant engaged and enhances the reliability of the data collected.

To ensure that both business and I'T perspectives will be fused with the help of the survey,
the intended audience was defined as I'T managers, solution and lead architects, as well as
data architects. Other perspectives going beyond this intended audience were welcomed
if the participants had knowledge of the IT field. This sampling is called “purposeful
sampling” given that the selected participants match the criteria of the research questions
and they can be considered experts in the phenomenon being studied [128]. Once sent out,
32 answers have been received, from a pool of 38 desired participants.

For the thesis, the following outcomes were sought: understanding if the application land-
scape of the organisation is perceived as complex and what type of connotation (positive or
negative) is associated with complexity, gathering drivers of complexity, ranking literature-
identified complexity indicators, as well as discovering sources of information, tools or
methods that could potentially be used for quantifying complexity within the enterprise.

One important aspect that needs to be explained is how the selection of the indicators in
the ranking of complexity was performed. Based on the initial list of complexity drivers
and indicators, seen in table 2.2, an expert (the company supervisor) was asked to make
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a selection of these given their occurrence in the company throughout the years. This
practice aids with the validity of the survey [129].

It is expected that the survey will shed light on how complexity is perceived, for example,
if it is a challenge or not, or what capabilities for complexity management exist in the
organisation. Furthermore, the drivers of complexity and the rankings of literature metrics
can indicate what the initial focus of the measurement method should be. The survey is
also discovering what information sources, from within the enterprise, can be used in the
measurement method for creating a clear and accurate image of complexity.

3.2.2 Process for Conducting the Survey
Data Collection

The survey was created using Microsoft Forms (MSForms), as this represents the stan-
dard for the organisation at which the case study was performed. From a confidentiality
standpoint, the survey only collected the names of the respondents for the mere purpose
of inviting them for follow-up interviews. An opening statement has been composed which
offered an overview of the survey’s purpose.

Before sending the survey to a broader audience, three rounds of improvements were in
place. This is commonly known as “pretesting” [127]. First, one of the solution architects
went through the questions to make sure that they were understandable and in line with the
language used within the organisation. Then, one lead architect, the company supervisor
for the thesis, suggested changes for gaining more concrete and tailored answers that could
help achieve the expectations stated in Section 3.2.1. The last round, “the mock survey”,
implied handing out the survey via email to one of the employees who were part of the
target audience, analysing the responses and then discussing how the questions could be
reshaped to tap into even more specific knowledge of participants.

By having such a thorough pretest approach, the questions perceived as difficult to under-
stand or the ones interpreted differently than intended were corrected. The questions of
the final version of the survey can be seen in Appendix D.1.

Data Analysis

The data collected was analysed by using a sequential approach. The data was grouped
under 4 main categories: introduction to complexity, maturity of application landscape
complexity management, complexity factors and costs, and final remarks that could indi-
cate the need for a measurement method. This allowed a structured way of analysing the
responses.

First, the holistic results of each section were analysed by employing the outcomes gener-
ated by MSForms, and later the responses were compared by looking at individual answers
[130]. Moreover, links between the 4 categories were connected and a thematic analysis
was performed, as some questions were open-ended [131]. The raw data collected from the
form supported the analysis, as recommended by Ball [132].

As the purpose of the survey is to create a basis for answering the RQs, as well as to
partition the responses according to group characteristics [132], the outcomes of the analysis
are found and discussed in 3.4.1.
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Data Quality

To ensure data quality, the topics of reliability and validity were acknowledged in the
survey design.

Starting with validity, in online surveys, a big threat is the change of the questions “between
time periods and administration”[133, p. 3]. During the set time for completion, the survey
questions were not changed. Furthermore, once the survey was closed, the respondents were
sent the outcomes generated by MSForms and during the later stage of the research, in
interviews, they were asked if they agreed with these. The outcomes of the analysis were
also discussed with the advisory board, for data triangulation. Other factors such as face,
content, and internal or external validity were checked with the help of the pretests of the
survey.

Moving to reliability, the MSForm is expected to produce similar results if it is distributed
more than 2 or 3 times, or under different circumstances [130]. To support this claim,
intraobserver reliability was detected during the interviews, as the respondents mentioned
and sustained their survey answers. Moreover, by first asking the individuals what drives
complexity and then observing their rankings of complexity indicators, alternate form
reliability is also in place.

3.3 Interviews

As in the previous section, the reasons for conducting interviews and how data was collected
and analysed are presented.

3.3.1 Goals of Interviews

To further clarify the answers collected via the survey and create a more comprehensive
view of what an adequate or sufficient combination of complexity metrics that can accu-
rately reflect the level of complexity is, as well as what types of costs can be connected
to these metrics, two types of interviews were performed. The first one was connected to
complexity drivers and metrics, whilst the second one was inclined towards the economic
pillar of the organisation.

Interviews can be differentiated by the degree to which they are structured, thus having
structured, open or semi-structured interviews. For this thesis, semi-structured interviews
were used. These allow the respondents to bring new, unexpected topics to light [134],
offering new angles for the development of the measurement method of complexity and
understanding its cost implications. Hence, several open-ended questions and a topic list
have guided the interview process.

The first type of interview, on complexity drivers and metrics, had the overarching goals of
delving deeper into the ranking of complexity indicators identified with the help of the sur-
vey and of understanding what requirements stakeholders have for a measurement method
of complexity (e.g., how they would apply a formula for quantification of complexity, from
where would they like to gather data etc.). To reach these goals, the interviews started
with an introduction of the interviewee and a description of their daily tasks, such that
an initial impression of possible areas in which the formula can be used is created. Then,
a discussion on application landscape complexity drivers and their measurement aims at
uncovering which combination of metrics should be used to quantify complexity. Possible
direction and requirements for creating a method to quantify complexity were investigated
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during the interviews (e.g., easy to use, functionality, applicability). 16 such interviews
were performed.

The second type of interview is aimed at discussing the costs that can be connected with
the previously identified drivers of complexity. This helps with crafting an initial link
between application landscape complexity and the costs emerging during change processes.
As described in the literature, the “cost of complexity” is believed to be connected with
the number of links and interactions of components, however, this should be explored.
The desired outcomes are developing a cost breakdown and understanding existing touch
points between ALC and different types of costs. 16 interviews on costs were conducted
with people who responded to the survey.

During both types of interviews, if the direction and time allowed the exploration of the
other topic (e.g., during a complexity interview, questions on costs of complexity could be
asked and vice versa) the interviewees were encouraged to voice their thoughts. This way,
a broader audience could give inputs on the two topics: the measurement of ALC and the
cost of complexity.

3.3.2 Process for Conducting the Interviews
Data Collection

The questions for the interview on complexity metrics are included in Appendix D.2,
whereas the ones on costs are part of Appendix D.3.

The interviews have been conducted either online or in person, adapting to the preference
of the interviewee. During the in-person meeting, written notes have been made. For the
online meetings, the interviewee was asked for consent to record the conversation.

Hence, to collect data from the semi-structured interviews, notes were taken during each
interview, which later were enhanced by semi-verbatim transcripts generated with the help
of the recordings [135]. The notes create a structure for the collected data, making it easily
accessible.

Data Analysis

Once data was collected, open, inductive and thematic coding of the transcripts were
performed. This all falls under the umbrella of content analysis, which “nvolves coding data
i a systematic way in order to discover patterns and develop well-grounded interpretations”
[136, p. 191].

Open coding started with the analysis of the first interview and the creation of a coding
scheme which expanded throughout the interviewing process. As technology evolves, tools
such as Atlas.ti can also assist with coding [137]. For this research, the notes taken during
the interviews were also uploaded to Atlas.ti and by leveraging the artificial intelligence
(AI) feature, the manually identified codes were compared and contrasted with the auto-
matically generated ones. The data resulting from the analysis was grouped into themes
with the help of inductive coding.

Paper [138] describes the step-by-step approach of a thematic analysis that can help set the
basis of a conceptual model in qualitative research. Starting with reading the transcripts,
keywords are highlighted and then codes are created. These codes fall under themes. Based
on keywords, theme and code interpretation, models can be created. Image 3.2 illustrates
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how one can arrive at a theme from several keywords grouped into codes. The results of
the analysis process, grouped into themes, are presented in section 3.4.2.

Keywords Concepts Themes

Architecture bast
practices, frameworks, ———
control mechanisms

Enterprise Architectura — Best practices —

Guidelines

———— Autonomy vs. Discipline

Hlexbility —

Craativity Autonomy

Choice

FIGURE 3.2: Process of Arriving at a Theme

Data Quality

Same as for the survey process, the validity and reliability of the interviews were considered.
A debriefing procedure was in place, meaning that during the interview period, the experts
part of the advisory board were asked questions to clear any ambiguities or identify biases
in the outcomes. The coding process and the search for themes, patterns and variations
can also help with the validity of the study.

3.4 Analysis and Results

Section 3.4 details the findings streaming from the answers of the survey and the interviews.
Based on these, the section ends with an overview of some essential outcomes that guide
the development of the artefact.

3.4.1 Survey

The survey yielded 32 responses out of a distribution pool of 38. In the IT area of the
organisation, concerned with architectural complexity, the following roles were sought for
insights: IT managers and different types of architects. The majority of the answers were
received from lead architects (18 responses — 2 of which are lead data architects), then
solution architects (7) and data architects (3). In terms of IT management, one response
was received from a fixed IT manager, and another one from an employee with a dual
role, serving as both an enterprise architect and an IT manager. Lastly, a strategy and
planning, as well as a contractor provided their insights on the topic of ALC.
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Introduction to Application Landscape Complexity

The application landscape of the enterprise at which the case study was conducted is per-
ceived as complex by 31 out of 32 respondents. As in the survey, the question was a closed
one, “Do you perceive the application landscape as complex?”, the response, especially the
reasoning behind it, was further discussed during the interview.

However, the participants were also asked about the elements that drive the complexity
of this application landscape. To group the myriad of drivers for application landscape
complexity, one respondent proposed a division between “technical” and “organisational”
drivers. This division can guide the approach in which the answers to the survey are
summarised. Furthermore, also in literature, as seen in Chapter 2, the causes of complexity
can stream from both the business and the IT.

The survey respondent who described the application landscape as simple mentioned that
this is due to the use of a hub-and-spoke model. This answer will further be clarified in
the subsequent interviews, as it can mean that for a particular area of business, having a
hub-and-spoke model is perceived as less complex. Even more, this can be connected with
the view that point-to-point connections between applications represent the majority of
the IT landscape of the organisation, as the other respondents did not mention using this
architectural approach.

Technical Side

For technical aspects, the most mentioned element (25 out of 32 times) was the presence of
too many applications. The respondents mentioned that the I'T landscape is comprised of
numerous applications. This value is considered to be influenced by the number of custom
developments and flexibility, constraints in technology (e.g., use of legacy applications on
local data centres) or usage of off-the-shelf applications. Next to these, there are redundant
components or ones that cover the same capabilities, processes, and functionality. They
can be “slightly different but similar” according to one respondent.

Next, the number of interfaces is important to mention. The respondents consider this
an essential aspect that influences the ALC. Furthermore, a higher number of interfaces
is commonly associated with point-to-point (P2P) connections which create a so-called
spaghetti architecture [139], [140] in the company.

Data issues such as poor data quality, hard to combine various data, and the number of data
stores were interestingly not only brought up by the data architects but also by the solution
and lead architects. The fact that there are so many point-to-point connections makes it
increasingly hard to exchange, update and maintain data. The data architects emphasized
the insufficient coverage of data standards “for master, hierarchies and transactional data”.

Some of the other discussed drivers are the large footprint of legacy applications, which
can generate problems such as rebuilding applications or completely searching for new
comparable products, the number of projects and products or digitisation.

Organisational Side

Moving to the organisational aspects, it was interesting to observe that these were mainly
discussed as a cause for the growth (in size) of the application landscape. For example,
having autonomy for a client or insufficient enforcement of data standards can lead to the
use of more applications or the creation of customisations to adjust to a specific context.

The complex processes of the organisation which can entail business-specific solutions,
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modifications to align with other companies or local legal requirements, variation and the
coordination of these are influencing complexity. The complexity is emerging from having
a large enterprise with “disconnected processes”, as one of the respondents mentioned.

Even more, the governance structure/set-up of the company (e.g., business and operational
models, requirements etc.) is leading to strict demands and budgets from the business.
This complicates the enterprise-wide cross-business alignment. Two respondents indicated
that the history of the organisation is important as this does not allow the “ideal” align-
ment between business and I'T. This is extremely important, as, for example, when working
with legacy applications these need to be integrated with new developments, thus requiring
business process simplification alongside IT simplification. In literature, it is usually high-
lighted that organisations need to embrace an evolutionary approach to their landscape
given that rewriting is never the key to success [140], [141].

Furthermore, having a company with an “over-engineering” background leads to the use of
numerous applications and technical debt. For example, if architects do not want to work
with legacy systems and they are creating changes on top of the current architecture, this
becomes increasingly harder to change in the future. Even more, if certain people create
solutions prioritising only what they know best (and making an abstraction of a holistic
landscape understanding), the landscape will become unclear to the larger population and
less agile in adapting promptly to future changes.

These two issues (governance and over-engineering) connect to change management, as a
driver for complexity. The modification of the application landscape is a difficult endeavour.

Another interesting outcome was that legislation (discussed by 7 respondents) is considered
to play an important role in complexity. The global and local asks and requirements can
lead to the use of more applications or data structures, which can in turn generate data
issues.

Some other organisational aspects discussed were: the lack of documentation, lack of skills
of employees, or the process of mergers and acquisitions (M&A). According to Conway’s
law [142], the “technical structure reflects the social boundaries of the organisation that
produced it”, and based on the survey it appears that this law holds for this research.

Views on Complexity

By looking at the overall drivers of complexity and their impact on the application land-
scape, both positive outcomes and negative ones can be discussed. Having a higher degree
of freedom and flexibility, for example, can lead to having more customised solutions in a
landscape. With more customisations, some respondents mentioned the fact that better-
suited solutions will be in place. These can generate value for the customers at the present
moment. However, in the future by having these customisations it might become harder
to adjust and understand how to integrate various applications.

One other example, are the rules and regulations for specific regions in the world. The
organisation must respect them and be compliant even if this might mean an increase in
the size of the landscape.

Hence, architects must make trade-offs when designing architectures and seeing the short
and long-term benefits. This is supported by one of the participants who mentioned “having
a maximum flux of complexity” that one needs to accept. Nonetheless, even with these
trade-offs in mind, two respondents consider complexity to bring several benefits as it
“promotes evolution ”. By having complexity in the application landscape, it can be found
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what works the best. Also “innovation stagnates” if a landscape is simple and a quicker
turn-around time can not be reached according to a respondent.

When asked about the challenges of the ALC, all respondents agreed that higher costs
for managing and operating the I'T landscape are present. Furthermore, there will be less
flexibility in adapting to future changes and difficulties in including innovations. Other
factors were risk, vulnerabilities, data unclarity/mistrust/leverage, more time to get a
person knowledgeable about the landscape (meaning more time and resources spent and
consumed), ensuring interoperability with the ecosystem and time to market.

Figure 3.3 depicts the summary of the findings explained above.

Is the Application
Landscape complex?

Yes - 97% I No - 3%
| | 1
Technical Factors Organisational Factors Standards, G.uiselines,
Handrails
Nr. Applications Complex Processes Hub and Spoke model

e Nr. Interfaces Governance Structure/
i Set-up
= Data Issues Change Management
Capabilities

- N Rules, Policies and
Legacy Applications Legislation
Other: lack of
|__Other: projects, products, documentation, skills,
digitalisation ... mergers and
acquisitions...

FIGURE 3.3: Survey Outcomes - Complexity Drivers

Complexity Management Capabilities

Upon understanding how application landscape complexity is viewed by the survey re-
spondents, it was important to understand the current capabilities of the organisation
when it comes to managing the complexity. More than 70% of respondents (78%) consider
that control and management of complexity require improvements. A better understand-
ing of why the remaining 22% of the respondents view complexity as an aspect which is
sufficiently under control is expected to be highlighted during the interviews.
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Definition of Application Landscape Complexity

The company uses numerous initiatives that discuss complexity or the need to reduce
complexity, such as portfolio reduction or future architecture strategies. The most well-
known is a strategy that describes what the organisation strives for in terms of application
usage in the future, such that the presently used applications can be adjusted according to
the desired state. Despite all of these initiatives, some others were mentioned, for example,
rationalisation by business capability or IT-enabled simplification. It is interesting to
observe the intricacy created by the sheer number of initiatives discussing complexity and
proposing handrails.

According to 81% of respondents, no standard definition exists within the company for
the complexity of the application landscape. However, one is needed because it can help
create a standard language or a “common understanding” to describe complexity. Once
such an aligned definition exists, it will become easier to clarify the reality of complexity,
create guidelines/handrails and strive towards an easier monitoring and change process.
One respondent mentioned that “it can be helpful if it [the definition of ALC]| can be
referenced to an industry standard” for benchmarking purposes. Once such a standard
definition is in place, it is essential to test it in various parts of the organisation and
check for exceptions to the standard. This definition is the first step towards creating a
measurement for complexity, according to seven of the collected responses.

The 19% of the respondents who mentioned that a standard exists were asked about their
claim during the subsequent interview.

Complexity Capability Maturity Model

When faced with the complexity capability maturity model, the answers were surprisingly
dispersed. Figure 3.4 illustrates this. 8 people placed the company at level 0. Interestingly,
two of the people part of this group initially responded that complexity is managed within
the organisation. However, this shows that they also consider complexity as an issue. Level
one reached one response. Again, 8 people placed the company in level 2. Whereas level
3 had 7 associated responses and level 4 only 4 votes. What must be discussed further is
why there are people considering the organisation’s capabilities for complexity management
higher than level 4, with 1 vote for level 5 and one vote for level 6. One potential explanation
for this division above level 2 was discussed during the mock survey when it was revealed
that people might consider anything below that “unacceptable”. Another point underlying
this dispersed view might be the absence of a standard definition for application landscape
complexity (as discussed above), which makes respondents think of complexity through
different prisms.

How to Quantify Complexity?

To understand where data that can help quantify complexity drivers is found, the sur-
vey asked what information sources and tools can be used for this type of measurement.
For both the information sources and the tools and methods, a grouping into people and
technical /systems can be made. This is similar to the drivers of complexity. Currently, in-
formation resides in both people and systems. For creating the measurement, it is believed
that project managers, lead architects, the teams and stakeholders can all be consulted for
retrieving information on complexity. Furthermore, experts can be consulted to create a
solid measurement. From a technical perspective, Bizzdesign ? was the most mentioned

?Bizzdesign - Enterprise Architecture Software https://bizzdesign.com/
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FI1GURE 3.4: Maturity Model Results

platform, alongside ServiceNow 2, that can contain relevant information on ALC. In an
ideal situation, in Bizzdesign, the designs of the application landscape are represented. This
means that application components are depicted, alongside how they support the business
capabilities, how they interact with each other (e.g., by using interfaces) and what technol-
ogy underlies them. In ServiceNow, a list of all the applications in the company and their
specifications is present. Thus, one can see the type of application (e.g., market standard,
custom built etc.), the user count, the vendor or the business and IT owners, alongside
the portfolio managers. Hence, by combining data from these two platforms judgments on
indicators of complexity can be created.

Complexity Drivers and Costs

Going into more detail on complexity factors specifically focused on the application land-
scape, the respondents were asked to rank eight literature-identified indicators according
to their preferences. The chart in Figure 3.5 shows the outcome of the ranking and it is in
line with the previously self-indicated drivers of complexity: integrations, number of appli-
cations and customisation level. By looking at the first choice of respondents, the following
order holds: number of applications (11), integrations (8), then customised applications
(5). Interestingly, the lack of documentation was the first choice of 4 people, making it
the fourth in this particular ranking view, however, it was in the last place for the overall
category, with a 59%. The role of the people mentioning “lack of documentation” as an
issue ranged from solution, lead architects and data architects. It is important to note
that for leads or managers, this issue was lower in the ranking as compared to the rest. A
discussion on the lack of documentation will be held during the interviews.

After ranking the factors, the respondents were asked for any missing elements. These,
once again, fall under technical and organisational elements. For technical factors, the lack
of a data model (and scattered data) that allows an easier connection between applications
was brought up. Furthermore, the use of data and application programming interface
(API) definitions to integrate applications or industry standards was mentioned. From an
organisational standpoint, issues such as disconnected processes, ownership of applications,
deployment strategies/tactical decisions, and the overall governance influence by data laws
have been highlighted.

3ServiceNow - Cloud computing platform that assists companies in managing enterprise operations
https://www.servicenow.com/
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Moving to costs, in the answers to the survey, the commonly mentioned ones are part of the
run and maintain category. These are mentioned by more than half of the respondents in
various ways. Once again, a division between people/organisation and technical costs was
observed. When talking about organisational costs, anything from the skill pool, manual
work associated with development, design, testing, rework, and contractor costs, to the
loss of clients and reputational damage costs were enumerated. One insightful response
mentioned that costs associated with a change to a landscape fall under the following
categories: decision costs, skill costs, analysis costs or learning costs. The technical costs
detailed were: project costs, software licenses, hardware/infrastructure, duplication (e.g.,
paying for delivery of same capability), support, upgrade etc. Besides the people and the
technical costs, risk and regulatory/legal concerns were said to influence the monetary
value during change processes.

General Remarks

The last section of the interview brought to light that the majority considers a simpler I'T
connected to more agility for future changes. This will allow more modularity to support
business requirements or a shorter time to market (value creation). Furthermore, a simpler
IT is linked with a better user experience, a more efficient change management process and
creating integrations in an easier manner (scalability, adaptability, maintenance). This is
also believed to help with “lower cost of change”. Nonetheless, some people said that “Com-
plexity doesn’t necessarily decrease agility if the team involved understands the complex
landscape”. One other answer was that skills are needed to manage complexity rather than
get rid of it. The trade-off discussed previously, can thus be seen again.

For the thesis, 94% of the respondents consider a method for quantifying IT architecture
useful. Hence, the artefact that is proposed by this research is valuable as it can help the
organisation.

3.4.2 Interviews

Ways of Working

To further understand application landscape complexity, the IT or data architects (roles
specific to the architecture department) have been asked about their tasks. This can make
it evident if complexity, at an application level, is an issue or if it hinders any operations.

The IT architects, divided into lead or solution architects, are concerned with creating an
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IT roadmap that can help achieve a strategic direction. This encompasses understanding
existing opportunities in moving the I'T landscape forward or collecting information about
applications, data, integrations, business and technology to create enterprise architecture
designs/models (e.g., ArchiMate representation in tools such as Bizzdesign). Based on this,
an IT landscape “should be designed to accommodate and scale changes”, as expressed by
one of the interviewees.

Additionally, the lead architects are guiding and steering the solution architects. One of the
respondents, part of the lead architect groups, mentioned that “Knowledge management or
succession planning” is a task that must be performed. This connects with complexity as in
companies, reorganisations result in shifts of employees. Hence if one employee leaves and
their knowledge is not shared or documented, additional rework or sub-optimal solutions
will emerge. These can potentially lead to the addition of new applications or the creation
of unnecessary integrations.

Another interesting view of one of the respondents was that IT architects must balance
opportunities and requirements, alongside dogma and pragmatism, as seen in Figure 3.6.
This figure is created according to the respondent’s view. Consider the following situation:
A particular task or process presents itself and Product X has the capabilities to execute
it. This represents an opportunity. The “dogma” within the company states that Product
X should be the default choice (unless the occurrence of specific conditions). The architect
can decide to do the task in this application. However, a more discerning approach should
be adopted by architects. The requirements of a particular task need to be investigated,
alongside the necessity of executing the process in Product X. This means critically eval-
uating the utilisation of Product X. As the respondent stated, “Understanding the two
dimensions [in Figure 3.6] and the forces that pull us right, left and centre is exemplary of
what I do as an architect”. This means making decisions and accepting and understanding
their consequences and impact.

The intersection between opportunity and pragmatism means an increase in complexity, as
more customisations are expected to emerge, whereas the intersection between dogma and
requirements can lead to technical debt due to short-term fixes. Interestingly, there could
also be a link between customisations and technical debt on a holistic level, as with more
customisations, technical debt could increase. Hence, the architect should be concerned
with managing complexity for future agility and an easier change process.

For data architects, what matters most is understanding what data is needed for execut-
ing or realising business capabilities and “gluing it [the data] together”. These types of
architects are responsible for assuring that data quality is in place and that it can easily
be shared between applications. From a complexity standpoint and a data lens, one of the
respondents mentioned that “Complexity is how often we need to move data around to get
the insights we want to have”.

Autonomy versus Control

Building up upon the matrix seen in 3.6, a recurring theme was the level of autonomy or
the discipline part of an enterprise. It is necessary to create the right level of autonomy,
which gives architects flexibility in being creative, but also imposes certain standards, and
guidelines that must be followed. A respondent mentioned that “complexity promotes
evolution” in the sense that if an organisation encourage people to be creative and allows
more solutions to emerge, one better system might be discovered. This system can be used
for the whole IT landscape in the future. However, without certain handrails and controls,
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this way of thinking can drastically impact the overall enterprise, as people can just make
whatever choices they consider best.

To further underscore this factor, the simplicity of an I'T landscape was commonly associ-
ated during the interviews with standards and guidelines. One example was given during
one interview regarding shadow IT. This represents the systems being deployed to meet
urgent needs and requirements, without a central governance acceptance. The respondent
mentioned that when it comes to having such solutions, a clear direction must be in place to
remove this and stop it from reoccurring. Furthermore, respondents agreed that architec-
tural techniques selected and discussed at an enterprise level (e.g., using a hub-and-spoke
model, using data products, using APIs etc.), if implemented by the majority, are making
the IT landscape simpler and ready to meet future changes.

Levels of Observation

As observed above, complexity management is one of the most important aspects of the
job of an architect. Enterprise architecture is a balancing act, considering trade-offs be-
tween factors such as autonomy or discipline. However, in big organisations, managing the
complexity of an IT landscape, with an emphasis on the subset focused on applications,
involves having a holistic understanding of the enterprise.

During the survey, given the complexity capability maturity model, as seen in Figure 1.4,
it became apparent that only a few people are actively considering the importance of a
holistic view of the enterprise. Upon seeing the diverse placement of the responses from the
survey, as seen in Figure 3.4, the interviews clarified the reasons behind individual choices
for each level. This dispersed view is created due to the absence of a clear definition for
complexity drivers or the variety in the lines of business (LoBs) and the ways of working.

With the absence of a definition for application landscape complexity or for its drivers,
subjectivity plays a role in how the respondents placed the company on the complexity
maturity model. If an employee simply says that ALC means the number of applications
in a landscape, then quantifying this number is possible (meaning level 3 in the maturity
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model). However, if another respondent sees ALC as the number of interconnections, the
number of applications, the variety of technology use or any other factors, these elements
are not easily quantifiable. Hence, the placement in the maturity level will be lower.

Furthermore, the different operations that teams perform in an enterprise can influence
the rankings in the maturity model. For example, in the field of human resources, more
streamlined and market-standard applications are available, so complexity can be seen
through the prism of disparity. This means analysing if the landscape is comprised of
more or less market standard or customised applications. For LoBs that are working with
specialised processes or should deliver customer-specific value, more customisations are
expected to emerge. Therefore, in the first case, complexity is easier to manage, whereas
in the second complexity is harder to evaluate.

From a people’s perspective, the experience one has also plays an important role in the
relationship with the complexity management capabilities. Some employees can be focused
on their own area of work and consider complexity under control, whilst others can decide
to look holistically at the organisation and see how their area’s complexity fits into the
bigger IT landscape.

The general outcome regarding the complexity capability maturity model was that level
0 was interpreted as the organisation not being aware of its complexity. Level 1 is the
acknowledgement of complexity, level 2 means having initiatives to describe complexity
at a qualitative level and from level 3 onwards people can start looking for indicators of
complexity.

Complexity as Inherent Aspect of Business

The complexity of an IT landscape is “an inherent aspect of the business” as explained
by one of the interviewees. This view was brought to light numerous times during the
interviews. The application landscape complexity is backed up by organisational aspects,
which are driving complexity. For example, the size or the diversity of elements part of
an application landscape is present due to the company structure, culture or the external
environment in which the company operates. One interviewee explained that “Technical
aspects |application landscape elements| are indicators for complexity, but you need to go
a level deeper to understand that the organisation impacts the technology”.

Another illustrative example can be the emergence of duplication in application func-
tionality or data overlaps, given that application owners could be “attached to their own
applications”, as another interviewee mentioned. This means, that if they move positions
in the company, which is a common practice, they could try and stir towards the use of
their preferred solution even if a similar alternative exists. The problem can appear due
to their familiarity with the application over the years.

In the process of simplifying the IT landscape, according to another interviewee, “30% of
the attention should be spent on IT and 70% is the business”. In large organisations, with
a history of projects, it can be the case that employees are selected for their “brilliance”.
Hence, over the years, implementations of I'T were retrofitted or tailored in specific ways
given the choices, preferences and ways of working of an employee.

At an application level, complexity emerges if the business asks are simple and IT starts
to deliver something intricate, which inhibits the ability to change in the future in an agile
manner.
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Indicators of Complexity

To funnel in the application landscape and possible indicators of complexity, the interviews
explored connections between such factors in terms of how they influence each other and
how they influence the growth of complexity. The starting point for the discussion were
the 8 indicators in the ranking produced by the survey, as seen in Figure 3.5.

The most discussed elements were: the amount of integrations or interfaces, application
connections with business capabilities, followed by data issues, or customisation of appli-
cations. However, all the interviewees agreed that the indicators are closely “related”, “go
hand in hand” or that they can reinforce each other.

Applications

To start with applications connected with business capabilities, more than 50% of the inter-
viewees mentioned that “more than one solution serving a target business capability” is an
indicator of complexity. A distinction here needs to be made between business capabilities
and application services. In enterprise architecture, to achieve a certain capability you can
have various application components with completely different functionalities. However,
if you have an application service performed by more than one application this is where
complexity can be observed, as two components are performing (some of) the same ser-
vices. In this case, the architects need to choose a tool that does the task “well enough”, as
described by one interviewee and move away from the “choosing is losing” mentality. The
implications of the change must be acknowledged and an informed decision can be taken.

Interfaces

Next, in a complex IT landscape, the amount of applications is not an accurate indicator,
rather the amount of integrations between applications must be considered. The growth
in the number of applications, in the current setting of the case study, generates more
functionality overlaps. Given that, the number of interfaces is expected to increase. Having
point-to-point connections, was also a concern brought up by the interviewees. This creates
the so-called “spaghetti architecture” and increases the overall complexity of the landscape.
The use of generalizable interfaces can help with the decrease in the number of point-
to-point connections, as stated by one of the interviewees. The reuse of integrations is
extremely important and can affect data overlaps, as mentioned by a solution architect
“The integrations have a direct effect on the duplication of data”. One of the data architects
mentioned “The unclarity of the integration, what is used, what is already integrated and
what can be reused needs to be addressed”.

Data

When talking about data issues, complexity primarily comes from different components
using the same data entities. The data must be shared between applications in a seamless
manner, however replicating it in multiple systems creates intricacies of modifying or com-
bining the data. Having coherence in the data structures decreases the overall application
landscape complexity. Solutions for having a better data structure were said to be the use
of data meshes (as two of the respondents stated out) or the use of data platforms and
products. In these architectural structuring views, the common underpinning is having
components that can be reused. In the enterprise, it became apparent that data ownership
is an indicator of complexity, considering that the same data can be found and used in
different systems. Data mesh addresses this concern by considering the nature of ingested
data and making the data the primary organisational concern [44].
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Customisations

For customisations, ideas such as “architecture stepouts from standard development pat-
terns”, “building new applications in-house and replicating functionality or creating over-
laps in data” or “changing the configurations of a commercial application” have been dis-
cussed. When working with vendors, if a tweak in functionality is made, a respondent
mentioned that “It would be easier to change your processes to fit the application, rather
than have the inability to change in the future due to a lock-in”. Furthermore, if one em-
ployee has changed the constructing elements, generating a higher variety, the knowledge
will reside within the person making the change in the majority of cases. The changes
made in-house/customisations are believed to increase complexity, as sometimes integra-
tion problems emerge or functionality can be easily replicated. If an organisation wants to
differentiate and create customer value, a trade-off analysis needs to be performed.

Lack of Documnetation

An interesting outcome was that the absence of documentation, or the age of the documen-
tation was not considered a direct indicator of complexity, but rather a factor that impacts
“everything” as described by an interviewee. In case the documentation is inadequate,
architects might not know what integrations can be reused, leading to a higher number of
integrations, or spending a lot of time in getting the “truth about an architecture”. The
lack of documentation, from the eyes of a contractor, is “not really about complexity, but it
is about hiding how complex something actually is, making it more difficult to understand”.

The relationships and links presented here are discussed in more detail in Chapter 4.

Quantify Complexity

What would be an appropriate way and means to quantify complexity using the above-
mentioned indicators was a topic of discussion during the interviews. As the scope of the
thesis is scaled down to projects and quantifying ALC, the desire of interviewees to create
a tool that can look at an organisation holistically will not be considered. This means,
having an overview of how a change in the project impacts the overall I'T landscape or the
portfolio is out of scope.

To quantify complexity, employees desired to apply a model-based approach, thus, drawing
insights based on enterprise architecture designs realised by architects.

One of the first requirements is to start with a simple tool for quantifying complexity,
adhering to the “Keep it Simple Stupid” idea, as mentioned by a respondent. Complexity
must be defined and broken down into indicators that are well-described. If a tool is simple
enough, through pilot-tests it can be adjusted and refined. This way, in the future the tool
can be used even for benchmarks (as envisioned by managers).

Once the elements that encompass the application landscape complexity are defined, the
next important aspect is to mention what information needs to be in place for a correct
model-based analysis. For example, having sufficient information documented about the
type of interface.

The tool should help with effective decisions, hence, it is requested to quantify complexity
and translate the value into more than just numbers, “the formula must give a feeling of
direction” or “convince people to select a solution”, as per the ideas of the lead architects.

Additionally, the respondents mentioned the desire for minimal user input and the use of
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as much automation as possible for calculating complexity. The results should be displayed
using dashboards, charts or any visual representations. These requirements could be ad-
dressed if a tool such as Bizzdesign would contain all the information needed to quantify
ALC. Presently, more discipline and information are needed to effectively use Bizzdesign
as a solution option tool and quantify complexity. Nonetheless, the participants in the
interviews were enthusiastic about its potential. By leveraging Bizzdesign, the indicators
of complexity can be quantified per solution, and by doing so, architects can revisit their
choices and easily compare future solutions. In Chapter 5, a proposal on how Bizzdesign
could be enhanced to assist in solutions options for effective decisions is introduced.

Costs

At the moment, in the organisation at which the case study was conducted, a large emphasis
is put on costs. There are budget cuts or desires to rationalise portfolios. Hence, more
than 50% of architects consider that simplifying the IT landscape, from an operational
perspective is going to reduce costs. For example, from three applications currently part
of the landscape which might perform similar or the same tasks, they consider that only
one can be chosen, therefore reducing the total cost of ownership. The visible costs and
the ones taken into consideration when changing are normally the project costs or the run
and maintain costs.

However, when performing a solution options analysis, besides the investment or the run
and maintain costs, there are also several “hidden costs” which could appear driven by a
complex application landscape.

As architects, getting a grasp on the costs of a landscape is an intricate task, as many
people from within the organisation need to be contacted to create a clear understanding.
Several types of costs that can be accounted for were mentioned. Figure 3.7 is an updated
version of Figure 2.3 which highlights in red the costs discussed during the interviews (some
additions as compared to the literature). For the interface costs, one can also think of
costs due to integrations and APIs, as a respondent mentioned “the number of integrations
multiplied by their costs divided by the number of applications must be lower than the
total investment in a project”. When talking about licenses, these can be connected to the
overlap in functionality, if one pays for the same service twice.

During the interviews, it was clear that the invisible costs were the ones concerned with
people and the opportunity cost. The rest of the elements in the figure can be estimated
or approximated at the start of a project. During a change process, the costs generated
by the complexity of the solution are not considered. The contractor who was interviewed
said that from his experience, often “people look at how much something costs now, not
how a choice will affect costs in the future”. For example, if somebody makes a change now,
how much effort will it be required to adjust errors that may occur, are there sufficient
resources available to fix it (both in terms of people and technical resources)? Will there
be people to work with the change? Should one take the path of least resistance such that
a solution will be easier to maintain? This was also showcased by a lead architect saying
that “typically. .. we just look at license costs and implementation costs, we don’t take into
account all the other costs that are necessary like discussions, meetings, getting business
people to put the time in the solution.” The ‘risk appetite” of an enterprise, alongside
the business requirements and necessity should also be factors for the opportunity costs.
Lastly, the possible costs of rework need to be visible, as people consider that spending
more time upfront will decrease the time and resources spent in the future.
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The drivers of complexity and the indicators can have a relationship with an increase in
The most straightforward link is with the run and maintain cost, as previously
discussed. Three interviewees tried to connect three pillars: time, cost and complexity,
by saying that if something is quicker to be built (less time spent on making a change,
maybe due to imposed timelines), this will result in more costs for maintaining and more
complexity. This approach is similar to the idea behind the project management triangle

costs.

[143]. Figure 3.8, looks at the project management triangle from a complexity lens.

Complexity

Cost

Time

F1GURE 3.8: Complexity Management Triangle

3.4.3 Overview of Findings

The first step towards a simpler I'T, meaning more agility to future changes, allowing an
enterprise to do tasks that they could not normally do, can be taken by “easily fixing the
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IT environment” (as mentioned by a solution architect) and looking at the applications
functionality overlap, the data overlaps and the number of interfaces. Later, to maintain
this simpler IT, the enterprise should delve deeper into the internal and external business
drivers for complexity.

To showcase the essence of the survey and the interviews, an issue tree has been designed,
trying to closely align with the mutually exclusive, collectively exhaustive (MECE) prin-
ciples [144]. The elements appear in singular categories and when connected they form a
holistic understanding of drivers and indicators of ALC. The indicators of complexity are
the ones on the lower tree levels, whereas the drivers are the ones closer to the root of the
tree.

Given that the insights are collected from a sample of 32 individuals, it is expected that
other branches can be added to create an all-encompassing view on application landscape
complexity.

Figure 3.9 illustrates what drives the complexity of an I'T landscape, based on the responses
collected from the interviews, survey and the literature. The high-level drivers (depicted
in the green boxes) are also added as a reference to indicate by which means they have
been identified.

To model drivers and indicators of complexity in ArchiMate, the motivation layer can be
used, as seen in Figure 3.10. In ArchiMate, according to the latest specifications (3.2) [1],
the following definitions describe the meanings behind what can be seen in the image. A
driver (first element on the left in the figure), represents an external or internal condition
that motivates a company to implement changes in order to achieve goals. An assessment
(the elements in the middle of the figure, assigned a magnifying glass icon), represents the
“result of an analysis of the state of affairs of the enterprise with respect to some driver”
[1]. Lastly, a metric is a specialized driver, representing something that can be measured
and linked with objects or relationships [145].

Drivers and Metrics of Complexity

The model resembles aspects from the Technology-Organisation-Environment (TOE) frame-
work [146]. The TOE framework explains how the process of adopting and implementing
innovations is influenced by three contexts: the technology itself, the organisational con-
text and the external environment. Similarly, the model in Figure 3.9, encompassing the
answers from the survey and interviews, portrays the drivers and indicators of complexity
that can have an impact on the process of managing the I'T landscape complexity of an
enterprise. These are also grouped into three categories: the external business and internal
business environment (similar to the environment and the organisation in TOE) alongside
the IT environment (or the technology context from TOE).

The internal and external business environments are the ones that impact the size of the
IT landscape, the presence of more interconnections, the diversity or the ability of an
organisation to efficiently change.

External Environment

Starting with the external business environment, if the market is not mature enough, for
example in case of new solutions for sustainability reporting (as described by one of the
respondents), this can lead an organisation to develop in-house systems, which in turn can
result to a higher percentage of customisations, problems with integrations in the future
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or technical debt. In the case of new technologies being developed, problems arise when
an organisation aims to introduce them. Adjustments to the current stack of technologies
are needed causing a higher diversity of components or overlap in data and functionality.

For the industry characteristics, the diversity of clients and the customer-driven mental-
ity of an organisation can create a diverse stack of solutions and a higher percentage of
customisations to meet the client’s needs. Furthermore, if a vendor lock-in emerges, the
enterprise may be faced with technical debt, higher costs of rework, and more interconnec-
tions to integrate the solution used within the landscape.

Next, with laws and regulations, the IT landscape increases in size, as with a higher
geographical distribution different compliance measures need to be considered. This also
impacts the diversity of the existing applications.

Internal Environment

Turning onto the organisation itself, or the internal business environment in the model,
the company structure and size, the culture, politics and people are elements driving the
complexity of the IT landscape. In large enterprises, which operate in numerous countries
and work with a variety of clients, LoBs are helping with coherent value delivery. However,
each of the LoBs can use their preferred applications and without proper handrails or a
holistic overview, this causes a lot of redundancy in the overall landscape. Moreover, as
each LoB can have very intricate processes or strategies, customisations can be in place.
Given the governance or the ownership of certain applications, legacy applications, which
are preferred by owners, can also stay in place for a long period.

Mergers and acquisitions are also a common activity which is performed in large organisa-
tions. During such a process, the enterprise needs to decide between allowing the company
acquired to keep their systems or onboarding the systems into the current stack. On
one hand, maintaining the systems increases the size of the I'T landscape, the overlaps in
functionality and data and can cause heterogeneity issues. On the other hand, entirely
removing the systems of the company acquired comes with challenges in terms of creating
temporary solutions, having integration issues etc.

When talking about the company culture, if freedom is given to employees (as they are hired
for their “brilliance”) the expected outcome is that a more diverse technology stack will
be used. This will be harder to change in the future. With the tendency to overengineer,
the size of the IT landscape can increase, as well as the amount of customisations and
integrations present in an organisation. This freedom can also lead to benefits as a solution
developed in a side of an organisation can become a standard for others, and potentially
decrease the size of the I'T landscape.

When talking about discipline, a mentioned problem was the lack of documentation. With-
out adequate documentation, which can promote an easier understanding for employees,
complexity is expected to increase. If documentation coverage is decreasing, the overall
quality of documentation is low or the documentation updates are missing, complexity
becomes hard to manage and understand.

Another interesting aspect to consider is the risk appetite of an enterprise. If people are
afraid to make a choice and change, this only increases the size of the application landscape,
alongside the number of possible customisations added on top of existing solutions. In such
cases, when faced with transitioning towards a desired state, the effort will be significantly
higher.
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For company politics, if the enterprise imposes certain time scales, for example, business
requires a quick solution, this leads to technical debt, as well as more variety in the land-
scape. If company reorganisations are encountered, a higher number of elements in the I'T
landscape can become visible, or more overlaps, as people tend to move with the knowledge
that they acquired.

Lastly, the people and the employees, have a great impact on the I'T landscape complex-
ity. If people are not following certain guidelines, they are unfamiliar with the existing
landscape, or have a mindset in which agility is not considered, the size, diversity, an in-
terconnections of an IT landscape will continuously grow and become difficult to manage.

IT environment

For the IT environment, the size, interconnections, diversity and change rate are the main
drivers for complexity, as described in the literature and identified during the case study.
They can be broken down into several elements in order to arrive at indicators of complexity
for the application landscape. These indicators are visible in the grey area and they are
the input for the artefact development.

When describing the applications, different dimensions can be applied to the word. For
example, an application can be seen as a product, as a piece of code or even as an operation.
The work of Wang et al. [147], introduces an ontology for software. For this research, the
current model refers to application as a product (which can be licensed or not), constituted
by a system or program, and underlying code.

General Remarks

From a business standpoint, it can be observed that complexity can be perceived as both
a positive and negative element. With a higher complexity, an organisation can attend to
various clients’ needs and maybe an indication of a high geographical spread can be given.
However, it is also the case that a higher complexity is associated with a larger effort to
integrate new solutions or create an effective change to the IT landscape. Hence, the right
level of complexity needs to be achieved.

Going forward, for the treatment design, only a small subsection of the IT landscape
complexity is selected for further investigation. This is concerned with the application
landscape complexity, thus the elements from the I'T landscape which can drive complexity.
The yellow elements in the model, the indicators of complexity at an application level, are
considered as aspects that can be tackled first by an organisation. These will serve as
the basis for an objective view on complexity, based on which the “relativity lens” or
determining if complexity is good or bad can then be created.

If actions are done in a timely manner, the level of ALC can decrease, allowing a more
agile and simpler IT landscape. For example, when describing unnecessary variability, it is
believed that both business and IT can identify which applications perform (some of) the
same services and rationalise them. However, it is critical that drivers closer to the root of
the tree are addressed and fixed, such that in the future, complexity at an IT level can be
prevented.
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3.9

Summary and Takeaways

Chapter 3 investigates the problem of application landscape complexity in the context of a
large enterprise. Through a survey and subsequent interviews, the participants in the case
study could detail their views on drivers and metrics for application landscape complexity,
and its cost implications. Furthermore, the researcher could understand the current ways
of working of the participants, such that the artefact design could be tailored to the present
tasks performed in the company.

The core messages from this chapter are listed below.

The complexity of an application landscape can be driven by both technical and
business aspects. To funnel in, these two categories can be broken down into external
and internal environments and the IT itself (similar to the TOE framework [146]).

The ALC is an inherent aspect of the business. To showcase this, one can look at
Conway’s law where “technical structure reflects the social boundaries of the organi-
sation that produced it” [142].

Improving the ALC is something which will bring short-term benefits, but to avoid
having a complex IT landscape one needs to solve the issues streaming from the
business side.

The role of an architect is to manage complexity for future agility (or other elements
such as stability, security /risks etc.) and an easier change process. Complexity must
be balanced, as it can be seen as both a positive or a negative aspect.

Indicators of complexity such as the number of interfaces, percentage of customi-
sations, functionality or data overlaps are believed to “go hand in hand” or to be
“closely connected”.

To quantify complexity it is important to have a clear definition of what needs to
be measured and have EA models that include the details on the indicators for
measurement. For each company, this complexity needs to be defined such that the
employees will have an aligned view on what is meant by it.

Application landscape complexity is believed to create higher costs for managing and
operating the I'T and decrease the level of agility of an organisation when adapting
to changes or when including innovations.

When discussing cost and complexity, the people first usually consider run, maintain,
and operate costs. The emphasis is rarely put on the prolonged decision process costs,
opportunity costs or the costs of available resources in the future.
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FIGURE 3.10: ArchiMate Drivers and Metrics for Complexity
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Chapter 4

Treatment Design

The main goal of the research is the development of a measurement method for quanti-
fying the application landscape complexity of large organisations. This should be done
by analysing enterprise architecture designs. Hence, this chapter describes the design of
the treatment for achieving the goal. First, in Section 4.1, the methodologies guiding the
artefact development are introduced. Then, the overarching description of the artefact’s
intended use is introduced in Section 4.2. This is followed by the description of a measure-
ment model, in Section 4.3, based on information gathered from the literature and from
the case study.

The requirements of stakeholders for a method to quantify complexity are detailed in
section 4.4 alongside the design choices for the final artefact and a detailed procedure on
how the method can be used. The last sections 4.5 and 4.6 introduce the answers to the
third and fourth research questions, and respectively an overall view of the chapter.

4.1 Measurement Methodology

To design a treatment, in the form of a measurement method, that can help achieve the
goal of the research, a combination of three well-established works has been used. These
are done by Abran [63], Petri et al. [148] and Gericke et al. [149]. A measurement is “a
process based on empirical interaction with an object, aimed at producing information on a
property of an object in the form of a value” [150, p. 24|. The measurement is designed on
purpose, to support in achieving a certain goal or to make a property of an object visible.

4.1.1 Measurement Methods Development

Abran mentions that three activities need to be performed for the design of (software)
measurement methods [63]. The first is defining the measurement principle, the second
is concerned with defining the measurement method and post-design, the measurement
procedures need to be explained (this last step is out of scope for the thesis).

The measurement principle is the phenomenon serving as a basis for measurement, in the
case of this research, this can be represented by a measurement model in which indicators
of complexity and their relationships are introduced. In this model, the indicators need
to be clearly defined and unambiguous [63]. The entity under consideration, application
landscape complexity, can be measured via the quantification of certain indicators, and an
adequate model to characterise that is proposed in section 4.3.
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The next step is the measurement method, which is a generic description of a logical
sequence of operations used in a measurement. This step is linked with the proposal of
a practical method, that could assist in quantifying ALC. By the term “practical”, this
thesis refers to the fact that the measurement method must be easy to use and apply in
the context of an enterprise, thus in a practical setting. A discussion on how indicators
can be measured, what falls out of scope and how to perform the measurement needs to
be considered. Section 4.4 details the logical set of operations for measuring complexity.

4.1.2 Methodology Overview

An all-encompassing structured methodology for measurement development was created
by Petri et al. [148]. Three main stages are proposed for the design of measurement
methods: the planning stage, the execution stage and the interpretation stage. In the
planning stage, the purpose of the method, the object under measurement and indicators,
the measurement principle and the method are described. In the first stage, similarities
with Abran’s work are visible, as measurement principles, methods and procedures need
to be designed. The next stage is concerned with executing the method, whereas the last
one is connected with interpreting the results.

Gerike et al. [149] also explain that the description of a model should cover its core idea,
the representation in which the information is described, the procedure to be followed and
the intended use or selected tools. The representation and the core idea can be considered
similar to the measurement principle. The procedure and the tool are comparable to the
measurement method. The intended use details elements such as the purpose and the
scope of the method.

Figure 4.1 shows the steps performed for designing the artefact in this research, as a
combination of the ideas presented above.

Intended Use Definition — —_——— Measurement Method

Purpese and scope of the method

Represent in a model Requirements

Object under measurement specifications Define relationships Toal

Define indicators Procedure

Conditions for using the method

FIGURE 4.1: Measurement Methodology Steps

4.2 Artefact Intended Use

4.2.1 Arterfact’s Purpose and Scope

The purpose and scope of the treatment to be designed is the measurement of applica-
tion landscape complexity in enterprise architecture models. The measurement method
should be used for assessing solution options for projects, and based on the assessment of
complexity, a more informed decision can be taken by IT architects.
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4.2.2 Object Under Measurement

Solution options in projects are setting out the situation, complication and needs of the
business, alongside an analysis with several considerations for possible transformations. I'T
performs this solution options analysis and then informs stakeholders what the best way
forward is. Thus, by looking at project solution options, evidence is provided regarding
a choice for a change in the IT landscape. As application landscape complexity is not an
indicator normally used for making choices, by having a value for quantifying complexity,
a more informed decision can be taken.

Furthermore, by using several indicators to generate a complexity application landscape
score, the architects can observe if there are structures, rules or patterns in a solution
design which are associated with less complexity. These can be investigated to see if they
allow improved agility at an application level (e.g., usage of reusable interfaces instead of
point-to-point connections between applications).

Hence, the object under measurement is represented by enterprise architecture application
landscape designs (e.g., ArchiMate models represented in tools such as Bizzdesign or draw-
ings/designs of the application landscape in PowerPoint slides). The general property, or
attribute, of these EA designs that need to be measured is complexity. This can be defined,
for the scope of the thesis, as the inability to change or to efficiently adapt to a rapidly
evolving environment.

4.3 Measurement Principle

To continue with the measurement context, for measuring complexity, which needs to be
applied to EA models, the indicators which can illustrate complexity at an application
level have to be detailed.

To do this, the measurement model in Figure 4.2 was created. It shows the relationships
between the indicators of complexity at an application landscape level. The extensive
literature reviews performed for this research and the case study insights helped with its
creation.

Number of o
Functlonuhty over|up

N Application
pely i feepional Data overlap Lt’:)r?dscc:pe
constructing element customisations Complexity

Integration Style Integration/Interfaces
Reusable vs. P2P Number

FIGURE 4.2: Structural Model - Application Landscape Complexity
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4.3.1 High-level Model Description
Variety of Constructing Element

The first relationship in the model is between the variety of constructing elements and the
percentage of customisations. If the number of applications which are part of the IT land-
scape are constructed differently, more customisations can happen during change processes.
For example, if applications are using a myriad of programming languages, suboptimal im-
plementations or customisations will emerge to ensure seamless communications between
existing applications. With a more standardised foundation of elements, it is believed that
the change process will be more agile.

The connection flows from the variety of constructing elements to a higher percentage of
customisation. The customisation levels are not necessarily an indicator of having different
constructing elements in a landscape. For example, several applications can be customised
but this does not mean that the tweaks are done by using different constructing elements.

The variety of constructing elements has no direct link with application landscape com-
plexity given that it is only driving some of the possible indicators of complexity when
making a change. With a high variety, one can end up with a more intricate process of
managing integrations.

Customised Solutions

Moving to the customised solutions, when trying to integrate systems built in different
languages or having small differences in functionality, the number of integrations increases.
Furthermore, a higher percentage of customisations can be an indicator for replication, as
certain applications can perform similar or just slightly different tasks.

Customisation can also be created as a means to streamline processes in the case of func-
tionality overlaps. For example, if two systems perform similar tasks, the organisation
can make a choice and use the services offered by one of them. In this case, it can mean
that customisations will be created to modify the existing processes to allow the selected
application to take over the data in the other one.

With a landscape in which customisations are present, more data overlaps can emerge, as
the systems can duplicate data which is present in others. This makes data hard to manage,
update and maintain consistent. The reason behind this is that new data structures or
entities will not be aligned with the current landscape.

Once again, for complexity, as the percentage of customisations is a problem introducing
issues with variations in functionality, data structures or integration points, the decision
was made not to create a direct link between the two (percentage of customisations and
complexity).

Number of Applications

The number of applications drives the functionality overlap in an IT landscape. For exam-
ple, if the number increases during a merger and acquisition (M&A), it is more likely that
there will be applications with redundant features. Additionally, if different lines of busi-
ness do not have a holistic understanding of the architecture of the organisation, choices
of applications happening in one area which are not coordinated can lead to functionality
overlaps.
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Interestingly, the number of applications is not a direct indicator of complexity. Some-
times a landscape can be comprised of numerous needed applications, but the problem
of complexity only arises if there are functionality overlaps, data overlaps or unnecessary
integrations present. To support this point, during the case study, an architect mentioned
the fact that the ratio between the number of applications and the number of interfaces
would be an adequate measure of relative complexity. As this claim goes beyond simply
considering the number of applications, it becomes apparent that this factor should be
connected with the rest to indicate the complexity of the landscape (hence supporting the
measurement of relative complexity).

Integration Style

The next relationship that needs to be described is between the integration style choice
and the number of integrations. Integration style, in this case study, means observing the
type of interface between two applications (one application providing certain data for the
other to consume).

Two disjoint categories of integration styles guide this research, called point-to-point con-
nections (P2P) and reusable integrations. These categories emerged after the case study
discussions with the respondents. The first category means having only two applications
using an interface (direct, tightly coupled connection between two applications), whereas,
in the case of reusability, this interface can be used by multiple applications (loosely cou-
pled, supporting multiple applications).

The first, P2P, reflects the use of an interface specifically designed to facilitate interaction
only between two particular applications. These represent tightly coupled applications,
depending on each other and making assumptions about how the others work [141]. When
making changes in the application landscape, due to their close connection, when modifying
one application the coupled application is affected. If one application called B, uses an
endpoint of another application, A, this would be a P2P connection. This endpoint should
only be used by B. For example, it can be seen B calls A, and A transmits data tailored
to the needs of B. All the changes which emerge in Application A will be reflected in B.
This P2P connection is similar to the use of “a purely internal” API [151] which can be
used just for a specific purpose.

The second category, reusable interfaces, means that one application can have an interface
consumed by multiple applications. This creates a loosely coupled I'T architecture, which
promotes an easier change process of applications and is similar to the use of public APIs
[151], [152]. By considering the example introduced before, with Application B using an
endpoint of Application A, if another Application C starts using the same endpoint, this
would mean that the integration becomes reusable.

The work of Hohpe and Woolf [141] on enterprise integration patterns can also be used to
compare and contrast the two disjoint integration styles. For example, the authors mention
middleware, as common standard communication mechanisms between applications [141].
This can assist in making the integrations in a company more reusable (e.g., consider
a hub-and-spoke architecture 4). With different middleware patterns, promoting a more
loosely coupled architecture is observed.

Furthermore, four application integration options are discussed by Hophpe and Woolf [141].

4Hub-and-Spoke - A central point of integration for all the data coming from different sources, which
then distributes the data further to consumer applications.
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These can be implemented in both a P2P and a reusable manner. A discussion on how
the two proposed styles and the work of Hohpe and Woolf (on middleware and application
integration options) connect can be found in Appendix E.

The type of integration style, for example, P2P or reusable integrations will affect the
overall interface numbers. If somebody uses a specific (P2P) integration this leads to an
increase in the number of integrations which are part of a landscape. However, sometimes
the use of P2P connections instead of reusable integrations might be needed. For example,
if an application is storing sensitive data that should not be shared through a “reusable
integration” or particular requirements are in place for only sharing data in a custom
manner, then a P2P connection can be accepted. Furthermore, it can be the case that
sometimes reusable or general interfaces are not needed, as one can wish to limit the
applications that should access particular data.

As the interface choices affect the number of integrations (interfaces), the former does not
have a direct link to application landscape complexity.

Application Functionality Overlaps

The relationships of functionality overlaps are explored next. During the survey and the
interviews, it was mentioned that functionality overlap, defined as the number of applica-
tions delivering (some of) the same services, has one of the strongest links with complexity.
If functionality overlap is solved, during the design phase, fewer data overlaps and integra-
tions will be part of an I'T landscape.

For example, if a specific client requests the usage of a technology which performs the same
service as a similar application, the landscape complexity will increase. However, in the
long term, the architect can choose to only add one of the two to the landscape. To illus-
trate this further, if an enterprise currently uses an application that stores and transmits
particular data for a specific client, but another client does not want, can not use, or is not
aware of this application, a request for a different one will be in place. As the enterprise
needs to address and allow both clients to use the data, two applications performing the
same tasks are needed in the current architecture. This example is illustrated in more
detail in Chapter 5.

In case applications perform distinct tasks or services, data duplication becomes less likely.
Furthermore, functionality overlaps drive the need for integrations, whereas integrations
help with harmonising the application functionality. If there is a singular application
performing a service fewer integrations will be part of the landscape.

Data Overlaps

The data overlaps refer to applications sharing/accessing similar or identical data entities
(or common data sources).

To address this definition further, a master data management (MDM) view can be taken.
MDM means “envisioning how to organise key business information objects and govern
their quality use and synchronization to optimize the use of information” [153, p. 3|. In an
ideal situation, one application/system should be the master of one data entity, as opposed
to having the same data record being stored, shared and modified by several applications
throughout the organisation without a master defined [154].
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An example of this can be given by considering customer master data. In large I'T land-
scapes, customer data is frequently stored in a myriad of systems each serving a different
purpose which causes data issues, such as overlaps, duplication or replication. In this
context, using an application as the master of the data is expected to create a point of
reference which can reduce data overlaps.

Furthermore, when the same data is part of several application databases, creating com-
mon data models is expected to assist with reducing the complexity associated with data
distribution or changes which can cause overlaps.

Given there will be data overlap, the number of integrations can increase, as more data
consistency is needed. Moreover, it is believed that if one application could cover more
data, then the number of P2P connections will decrease.

For creating a link with functionality, it is not always the case that if there are data overlaps
more components will perform the same services.

For the overall complexity of the IT landscape, data overlaps cause an increase in com-
plexity as data objects mastered in various systems will require more effort to change or
adjust during a transformation process.

Number of Interfaces

Lastly, the main relationship of the number of interfaces is with complexity. Adding
integration points which need to be actively managed to ensure applications communicate
in an efficient manner, as well as understanding the processes of exposing and accessing
data and functionality between applications are intricate endeavours.

4.3.2 Defined Factors
Based on Case Study

As the model seen in Figure 4.2 indicates that interfaces, data overlap and functionality
overlap are the essential factors influencing application landscape complexity, each of them
has been defined according to a similar template as the one proposed by Addicks and
Gringel [155].

Given the outcomes of the survey and the interviews, it was discovered that the combi-
nation of these three is considered appropriate to initially quantify application landscape
complexity. This is based on the responses of the participants involved in the case study.
During the interviews, when their survey answers regarding the overall ranking of com-
plexity factors were discussed, as seen in Figure 3.5, the three elements stood out as clear
indicators for application landscape complexity. The rest were influencing these three
elements, thus not directly associated with complexity.

Tables 4.1, 4.2 and 4.3 contain the definitions of each of the three indicators of applica-
tion landscape complexity. Figures 4.3, 4.4 and 4.5 have also been created to illustrate
the difference between a simple and a complex EA architecture, form the perspectives
accumulated by the researcher.
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Table 4.1: Application Functionality Overlap Definition

Name Application Functionality Overlap

Description Refers to the similar services delivered by the
applications part of the landscape.

Use Highlight the myriad of systems that perform similar

tasks or provide comparable services.

Required Data

Application components linked with application
services.

Metric

Count the number of application components delivering
(some of) the same services.

Discussion

Can be gathered from ArchiMate models if applications
are linked with services.

This can be done by looping through services and
verifying how many applications are realising an
instance.

It is believed that if the overlap in functionality
increases, complexity increases linearly.

Table 4.2: Data Overlap Definition

Name

Data Overlap

Description

Sharing of similar or identical data entities ( or common
data sources).

Use

Showcases the intricacy of modifying data for an
application which is present in numerous systems.

Required Data

Data sets are mapped to application components.

Metric

Count the number of applications per data set.

Discussion

Can be gathered from ArchiMate models by leveraging
a data object.

Analyse how many applications are accessing the data
objects.

Complexity increases exponentially due to more data
transformations, dependencies etc.

Table 4.3: Interfaces Definition

Name

Interfaces

Description

Points of interaction between different application
landscape components.

Use

Show the process of exposing and accessing data and
functionality between applications.

Continued on next page
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Table 4.3: Interfaces Definition (Continued)

Name

Interfaces

Required Data

Accurate and actual representation of the number of
interfaces.

Metric Count the number of interfaces.
Discussion Can be gathered from ArchiMate by counting the
number of data flows.
In other cases, if organisations are using integrations as
a component, the overall number can be counted.
Each new interface adds additional complexity, and the
increase is exponential.
Simple Complex
srtorEerge s Err s g St =N .
% A Jay v 7 VT
ntegrated £ 5o itograted 0 Integrated
Application 1 Applkation 2 Appication 1 Application 2

FIGURE 4.3: Application Functionality Overlaps - Simple vs. Complex Architecture

Simple

Data1 Data 2

Integrated
Application 1

Complex

Data3

Integrated o
Application 2 Integrated Integrated
Application 1 Application 2

FIGURE 4.4: Data Overlaps - Simple vs. Complex Architecture

Discussion Points

These three figures and tables (Figures 4.3 to 4.5 and tables 4.1 to 4.3) have been modelled
based on the case study outcomes, hence, it is also essential to discuss their potential links

with the literature.
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Table Contents

Starting with the tables, for each, several points need further clarification. For example, in
the case of application functionality overlaps, the required data is “application components
linked with services”. This means, that an organisation must know what service each
application realizes. This link, for example, can be represented as a realization relationship
in ArchiMate between an application component and an application service.

Semantics is another issue that can impose difficulties in understanding similarities of
applications in information flow exchanges or types of offered services. To acknowledge
which data entities or services are the same when looking at the application landscape, the
terminology across different departments must be aligned.

As discipline is required, the tables introduced should be tailored to a specific organisation
to match their current way of modelling application landscapes and support the discussion
on how this can be improved (e.g., ensure the use of the same terminology).

Figures’ Views and Patterns

When considering the figures, these are designed to match the proposed viewpoints in
ArchiMate. A viewpoint, in a modelling language such as ArchiMate, represents a relevant
subset of elements and their relationships [1]. The types of viewpoints under which the
three figures can fall are given in the list below °. It can be observed that these views
are all part of ArchiMate’s application layer, matching the main objective of the thesis to
quantify ALC.

e Figure 4.3 which depicts functionality overlap is an Application Behaviour View.
This describes the “internal behaviour of an application as it realizes one or more
application services” [1].

e For data overlaps, in Figure 4.4 an Application Cooperation View can be observed.
By modelling this, it is observed how applications are using data, and what informa-
tion flows between them.

e For the number of interfaces, Figure 4.5 depicts an Application Cooperation View.
This type of view describes the information flows between applications or looks at

5For more information on the viewpoints, their definitions, and examples one can check the following
ArchiMate specifications - https://pubs.opengroup.org/architecture/archimate2-doc/chap08.html
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the services they offer and use. “This view is typically used to create an overview of
the application landscape of an organization” [1].

Furthermore, in the figures, some architectural patterns can be observed. These are ways
of putting building blocks together for different I'T contexts and scenarios. Four patterns
are put forward by Britton and Bye [156]. For the functionality overlap, the difference
between single-centralized and multiple-centralized patterns can be observed. In a sim-
ple context, one application is responsible for one service (single-centralized), whereas a
complex landscape is commonly associated with a multiple-centralized pattern as several
applications help realize the same service.

When considering working with data overlaps, the difference between a pass-through and
a copy-in/out architecture pattern should be considered. Pass-through would mean that
applications are passing data from one to the other (relying on each other). Due to timing
dependencies issues with data being replicated, stored twice etc. can emerge. The copy-
in/out pattern is associated with creating a common place for storing and distributing
data, e.g., using a data lake. In this case, data overlaps can occur if the same applications
are working on the same data source at the same time.

4.4 Measurement Method

4.4.1 Requirements

This section offers an overview of the requirements for a method to quantify application
landscape complexity, as described by the participants in the case study. Moreover, it
details the choices behind the artefact design.

Formula for Quantifying Complexity

For designing the formula that can calculate the complexity of a solution option, the three
factors (application functionality overlap, data overlap and the number of interfaces) are
initially considered to be a sufficient combination indicating ALC. As mentioned previously,
these three were observed during the case study as having direct links with the growth or
the decrease of complexity, whereas the other drivers and indicators of complexity affect
these three. This aligns with one of the requirements collected during the case study, that
of first having a few easily understandable complexity indicators that can be quantified.
The definitions and the designs introduced in the section above (simple versus complex
architecture), also support the architects.

Moreover, as the formula is required to give a sense of direction, the delta in complexity
can be calculated. This means subtracting the complexity score of an as-is situation from
the one of a to-be. By having this delta score, an IT architect can faster see which
transformation of the application landscape is simpler.

Method for Embedding Formula

Several other requirements were gathered during the interviews. One was to generate scores
based on EA designs. Another was making it very straightforward as to what needs to
be inputted into the formula. The next requirement was to create a feeling of direction
by using visual cues. Considering these points, Excel has been selected as the platform to
support the initial method development.
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4.4.2 Design Choices
Formula Choices

As seen in the literature, the work of Daoudi [66] calculates complexity by summing indi-
cators which are changing from one state to another (from a period "t", to a future state
at time "t+1"). Additionally, other works such as [4], [157], or [158] highlight the impor-
tance of assigning weights to the indicators in a complexity formula. Hence, the proposed
formula for ALC is a mix of these two directions. The ALC uses a summation of indicators
of complexity, each having its individual weight.

The proposed formula for application landscape complexity is introduced in equation 4.1.
For an absolute value of complexity, the number of applications delivering the same or
some of the same services needs to be counted, alongside the number of applications using
the same data sets and the number of interfaces. By summing them and assigning weights,
the result of the formula can be used as an indicator to guide architects in making choices
for the future

n
Application Landscape Complexity (ALC) = Z Count; xw;

=1 (4.1)
where n € {F, D, I}

wrp =02 wp=03 wr=0.5

The initial iteration of the formula should be kept simple and adjusted in later stages based
on project solution options examples within a company. The initial weights to be used for
the three elements are 0.2 (functionality overlap), 0.3 (data overlap) and 0.5 (interfaces).
The first criterion behind these chosen weights is the outcome of the ranking during the
survey. In the ranking, it was visible that respondents consider the number of interfaces
a more important indicator of complexity, followed by data and application functionality
overlaps.

The second criterion used is the level of difficulty in making certain choices to avoid com-
plexity. For example, functionality overlap is, in most cases, a design choice which can
easily be adjusted, whereas having a large number of interfaces, makes it hard to control
how a change in one ripples across the landscape. For data overlaps, adjustments were
considered harder to control than working with application functionality overlaps, but eas-
ier to understand as opposed to grasping the changes in interfaces. These points emerged
after several discussions performed during the case study.

To picture the weights in a context, an example of an I'T architecture of a company can
be delineated. In the application landscape, there is rarely any middleware, hence a lot of
point-to-point connections between applications are visible. In the case of multiple P2P
connections in an architecture, more applications are believed to be using the same data
entities. Hence, issues such as data overlaps can emerge. Furthermore, in this landscape,
the number of applications performing similar services increases if the architects are making
a deliberate choice to add new ones. Based on this example, it can be observed how the
three weights align with the landscape choices in this situation.

Once the as-is, and the solution options are assigned a score, the delta in complexity will
be calculated, to give the architects a clear indication of which direction is considered
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simpler. This will be done by calculating the difference between the target state and the
initial state’s complexity as seen in equation 4.2.

A ALC = ALCtarget — ALC initial (4.2)

Method Choices

To embed the formula and use it for solution option choices, an Excel tool was created.
A GitHub repository®, contains the spreadsheet with the application landscape formula.
This is an accepted initial stage (according to the company at which the case study was
conducted) to quantify complexity. The tool includes a table with the indicators for com-
plexity and space assigned for architects to fill the necessary values per option. Once these
are filled in, two generated scores will be visible: the ALC for a singular view and the
delta in the change. Figure 4.6 shows this table. The delta in change also uses colours
as a visual cue that helps an architect observe which solution has a low (green), medium
(yellow) or high (red) complexity score.

Furthermore, a definition of the three indicators is provided, such that architects will fill in
the tool according to set guidelines. Figures 4.7, 4.8 include a snapshot of such definitions.
The first columns include textual comments and the last two include a guide as to what a
simple or a complex indicator might look like if designed in a modelling language such as
ArchiMate.

Quantifying Application Landscape Complexity

Project Analysis

Necessary Input As-ls Situation Solution Option 1 Solution Option 2 Solution Option 3
Application Count th applications performing {some of |
pp! ! £ 15 | ning {som: 7 7 7 7
Functionality Overlap the sam
Data Overlap  Court the number of applications per data set 2 2 2 2
k:
S Interfaces Count the number of interfaces 3 5] 7 5
2
Application Landscape R
- Caleulation of Application Landscape Complexity 2,5 3,5 4,5 3,5
& Complexity
3
P
z
g )
= Delta of Change  Difficulty of change
s
9]

FIGURE 4.6: Fill in Table

4.4.3 Procedure

Based on the model and the formula for quantifying application landscape complexity at
an absolute level, the following steps must be performed by architects when evaluating
project solution options. First, the project options need to have designs illustrating what
is being changed. Next, based on these designs, the three indicators in the Excel file need
to be filled in. Lastly, an informed choice can be made based on the scores generated.

The next Chapter, 5, offers an in-depth example of how the method can be applied to an
example from the company at which the case study was conducted.

5GitHub - developer platform. The researcher can be contacted for collaborator rights/access to the pri-
vate GitHub or future ideas for tool development. Alternative link: https://gitfront.io/r/evastoica/
nX7kKTGXTAYX/ALC-Quantification/
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FIGURE 4.7: Definition Table - 1
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FIGURE 4.8: Definition Table - 2

4.5 Answers to Research Questions

Prior to diving into the validation of the proposed artefact that can assist architects with
the management of EA complexity and improve their agility when responding to change,
it is important to detail the answers to the third and fourth research questions investigated
in this research.

4.5.1 Complexity Metrics

The third question, “What are suitable complexity metrics that can be used in measuring
the delta of the change in the application landscape?”’, can be answered based on the
model proposed in Figure 4.2. From a myriad of indicators, the architects consider that a
combination of three of them can adequately indicate the level of complexity. These are
application functionality overlap, the data overlap and the number of interfaces. These are
measured by simple counts. By having an understanding of the level of ALC for a certain
state, one can calculate the difficulty of change by subtracting the complexity of the initial
state from the one of the future state.

4.5.2 Cost of Complexity

The application landscape complexity is also expected to drive certain costs in an enter-
prise, as discussed in Section 3.4.2 (based on the case study outcomes) or as visible in
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Figure 2.3. To respond to the fourth research question “What costs can be factored in a
formula when application landscape complexity hinders the agility to adapt to a change?”,
and combine the literature and the case study insights, the model introduced in Figure 4.2
is expanded with a cost column, as seen in Figure 4.9.

Normally, the project costs or the run and maintain costs (e.g., licenses, infrastructure,
training, labor, interface build cost etc.) are being considered when choosing between
options or potential target states. These are discussed both in literature and in practice.
Nonetheless, as an application landscape can be complex, several “hidden” or “invisible
costs” are not evaluated. It is not yet possible to quantify the costs incurred by complexity.
This means that no formula can translate a complexity score into a monetary value. An
initial proposal would be for the cost of complexity to be calculated as the sum of these
invisible costs.

These types of costs stream from missed opportunities and available resources to prolonged
decisions or reworks. Table 4.4, has been designed to explain the “hidden” costs of com-
plexity. By having this monetary value organisations can have a better sense of direction.
To create a further connection between costs and complexity, based on the monetary value,
the ALC formula can be calibrated in a certain manner.

Table 4.4: Costs of Complexity Breakdown

Type of Cost Example Mentions
(Literature |ref nr.|
or Case Study [C])

Missed Refers to what can be incurred by a [C], [119]
opportunities company which has a complex landscape
and can not adjust quickly to changes.
e.g., In an IT landscape which uses
numerous legacy applications, adding
newer applications which might be
better fitted can become a problem.
Opportunities which can lead to a higher
revenue might not be taken as the
landscape does not permit adaptation.

Cost of available To handle a complex application [C], [112]
resources landscape, a specific set of skills or
certain technology components might be
needed in the future.

e.g., If an application uses an outdated
programming language or has a high
level of customisation, acquiring the
people who can work and maintain it
can prove to be very costly.

Continued on next page
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Table 4.4: Costs of Complexity Breakdown (Continued)

Type of Cost

Example

Mentions
(Literature [ref nr.|
or Case Study [C])

Cost of analysis

Cost of prolonged
decision processes

Cost of knowledge
management

Additional
implementation of
subsequent change

Cost of rework

If an application landscape is complex,
more time will be spent by an IT
architect in understanding the overall
architecture, gathering insights about
the works of the systems and
components etc.

In a complex application landscape
reaching a decision is not a
straightforward process.

In this case, more time is spent by
various people (IT architects, managers
etc.) to reach an agreement on the best
way forward. Here, the costs are the
man-hour costs spent on making
decisions.

If one organisation is having a highly
complex IT landscape, tools to keep
track of all the changes and the
knowledge of the people who piece
together the landscape are needed.
This means a higher cost of acquiring
systems that can manage the knowledge
within the organisation. According to
one respondent, “Everything becomes
complex and you need to build systems
to keep track of knowledge”.

This cost refers to the money spent on
the subsequent changes made after a
project is completed.

For example, if a project implements a
decision which only increases the
complexity of an IT landscape, more
money is expected to be spent in the
future for the landscape.

When dealing with ALC, architects
spend more time in fixing issues, such as
functionality overlaps or data overlaps.

|C]

|C]

[C]

€], [106]

[C], [92], [110], [111]
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4.6

Summary and Takeaways

In Chapter 4, the details behind the design of the artefact are illustrated. By first under-
standing the methodology that served as a basis for the process, one can follow the logical
structure used to arrive at the proposed measurement method for application landscape
complexity. The most important points of this chapter are synthesised in the list below.

The artefact aims at measuring application landscape complexity based on docu-
mented solution options designs to help in effective decision-making.

By creating a measurement model, it became apparent that there are three sufficient
indicators for ALC. These are the number of interfaces, the application functionality
and the data overlaps. They need to be clearly defined to align with the architectural
styles used by an enterprise.

A formula for ALC is seen in equation 4.1. This is a sum of the counts of indicators of
complexity multiplied by certain pre-assigned weights. This can be further calibrated
by using the “hidden costs” (e.g., missed opportunities).

When trying to calculate the cost of complexity, after assessing the ALC score of a
state, given it is complex numerous activities need to be done by an organisation to
manage complexity. The cost of these “hidden costs”, such as prolonged decisions or
finding the right resources can be summed to indicate the cost of complexity.

A formula for complexity should give a feeling of direction, hence using the delta in
application landscape complexity can support architects in understanding which end
state has a lower ALC score.
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Chapter 5

Treatment Validation

Chapter 5 moves to the third step of the Design Science Research Methodology, the valida-
tion phase. In the first section of this chapter, 5.1, the procedure followed for the validation
of the proposed artefact is introduced. Next, Section 5.2, exemplifies how the method for
quantifying application landscape complexity can be used. This is applied to a documented
solution option from the company at which the case study was conducted. Sections 5.3
and 5.4 detail the validation of the formula and its application.

The chapter ends with a proposal for the automation of the formula for quantifying appli-
cation landscape complexity, in Section 5.5, and a summary of the topics described in this
chapter, in Section 5.6.

5.1 Procedure for Validation

This section depicts the questions based on which the validation procedure ran. A discus-
sion on the types of validation used for this research is then introduced.

5.1.1 Validation Questions

For the validation of the treatment, both the formula and the tool were assessed following
the principles and guidelines proposed by the DSRM methodology. Wieringa [67] proposes
a list of questions for artefact validation. For the thesis, the following questions guided the
validation process.

1. Effects and Requirements - Artefact X Context = Effects

(a) How does the artefact (tool and method) help improve the management of
complexity?

To what extent can the artefact be applied to solution option choices in projects?

(c

)
) How can the artefact be embedded in projects?
d) What needs to be done to embed the artefact [in projects/in the company|?
)
)

(b
(

(e
(f

Does it [the artefact| assess complexity at a quantitative level?

Does it [the artefact| bring value to the work of IT architects? (e.g., help support
during decision-making processes)
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(g) Can the Excel tool be fully filled in based on documented solution options?
(h) Can the identified cost of complexity be factored in the ALC formula?

2. Sensitivity - Artefact X Alternative Context = Effects
(a) How can the tool be used in a different context? (e.g., not applied in projects)

(b) What assumptions need to be in place for the use of the tool in different con-
texts?

3. Trade-offs - Alternative artefact X Context = Effects

(a) What are other approaches/tools (if any) that can help with quantifying appli-
cation landscape complexity?

(b) How does the Excel tool perform as opposed to alternative artefacts?

5.1.2 Validation Types

Based on these questions, two types of validations were used. The first is expert vali-
dation, whereas the second is technical action research. Expert validation is concerned
with the design of treatment and how this can interact with envisioned contexts. Then,
with technical action research one could apply the artefact to a real-life problem and help
a stakeholder learn from this. By leveraging both expert opinions and technical action
research, sufficient evidence can be collected that the proposed method will support ar-
chitects with quantifying ALC and assist with the management of complexity. This is an
important element described by Gerike et al. [149].

The design of the artefact (the Excel tool, as well as the method) was submitted to a panel
of experts who envisioned how it would help with the management of complexity or if it
met the initial requirements, described in Chapter 4.

In the process of validation, first, the measurement model was introduced alongside the
formula for ALC. Then, the method of how to quantify complexity was detailed based
on a demonstration of the tool as a support for solution option choices during projects
(see Section 5.2 for the example). Then, the expert panel was asked the set of questions
proposed above. Furthermore, these findings about the model, equation for complexity
and steps to apply the equation were also shared with the interview group, who could also
provide answers to the questions on requirements, effects, sensitivity and trade-offs.

Two different types of outcomes from the expert panel were collected: one concerned with
the equation for calculating complexity and one focused on the method applicability. These
outcomes are detailed in Sections 5.3 and 5.4.

Further considerations, such as validity, inference, generalisation, interpretation and prob-
lem anticipation, as proposed by Richey and Klein [128| have been taken into account for
a more thorough validation process. For the validity of the tool use, experts with different
areas of specialisation participated in the validation process. The main validation process
took place as a focus group, in which four IT architects working in domains such as inno-
vation, cross-business or asset management responded to the questions introduced above.
These were the architects part of the “advisory group”. Furthermore, five other participants
(three architects and two employees in a management position) provided their insights in
discussions on the tool’s validity.
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As for inference, the artefact’s practicality and effectiveness have been investigated. This
has been done with the help of TAR, given that one of the architects was sent the Excel
file. Based on the project that was currently in progress, the architect could fill in the tool
and mention how he perceived the measurement method and if new insights were learned
from this. The constraints on the tool, the plan of use, the usability analysis and expected
problems have also been discussed with the experts.

5.2 Method Application Example

An example is given to illustrate how the tool can be applied in organisations, based
on EA models. The organisations which can use the measurement method should have
an application landscape with at least several connected systems realising services and
exchanging data to support the business. Moreover, the organisations should have projects
running for which EA models of the as-is situation and possible to-be architectures are
documented. The other characteristics of organisations should not impact the ability to
use the measurement model.

The example is created by generalising a project conducted at the company involved in the
case study. The project is concerned with bringing geospatial data to a Digital Twin (DT)
for monitoring active refinery leaks. In the company case, the DT represents the digital
model of different equipment from refineries (for example pipes through which substances
such as oil, water, gas etc. flow), which can help with monitoring or maintenance, and
ultimately, by combining various datasets, assist in creating a full situational awareness
for employees. The equipment is supported by a myriad of applications which should be
connected to provide insights for the DT. These interconnections and potential overlaps in
application functionalities can lead to a higher application landscape complexity.

Presently, refineries are using two solutions for active leak data, which are delivering the
same services. Onme is the desired architecture decided by both business and IT, whereas
the other is an intermediary solution part of the landscape due to the client’s requirements.
Hence two applications use the same data, the one about the leak, and perform the same
service, which is to monitor and provide this data to other systems. These will be called
Application A (the one desired by the company and used by certain clients now) and
Application B (the one requested by a specific client).

In the current situation, the as-is, only Application A is connected to the data platform
and provides information to the DT. The data platform is an application which acts like
a hub-and-spoke model, allowing the organisation to manage all the interfaces in a single
place. Application B appears as two instances but is counted as one component. The as-is
state is represented in Figure 5.1.

For this project, several options were considered on how to adequately bring the data
from Application B to the DT, by either using a data platform or creating point-to-point
connections.

Option 1, as seen in Figure 5.2, connects Application B to the data platform, hence in-
creasing the number of interfaces. Next, option 2, depicted in Figure 5.3, explores the
connection of Application B to both the data platform, as well as to the DT via point-
to-point connections. This solution is evaluated as real-time data requirements might be
in place and the data platform might not be able to meet them. Lastly, the third option,
Figure 5.4, integrates Application B with the digital twin via P2P connections. The P2P
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connection in this situation refers to tightly coupling Application B with the DT, without
the use of any middleware.

For this example, based on the documented solution options, the IT architect responsible
for making the changes was asked to fill in the Excel according to the predefined template
(as introduced in Chapter 4 and further exemplified in this section). Hence, the architect
was asked to count the number of interfaces and the application and functionality data
overlaps in the as-is and to-be states of the project.

The appropriate cells in the Excel file had to be filled in with these numbers. Figure 4.6
contains the overview of the assigned scores by the I'T architect. The as-is and all three to-
be options have 2 applications performing the same functions, as well as 2 applications with
data overlaps. What changes in each of the to-be situations is the number of interfaces.
The formula indicates that Option 1 and 3 are simpler than Option 2. The outcome aligns
with the general view of the architect.

As Option 1 and 3 have the same ALC score (3,5), when considering agility and making a
change in the future, the architect’s choice was influenced by the type of integration used.
Option 3 creates a P2P (specialised, not reusable) connection and does not make use of
the data platform. This is perceived as more complex, hence Option 1 was selected.

This decision point showcased one potential point of improvement for the formula and
method. After calculating the delta in the change of complexity for each option, in case
of equal scores or particular requirements, adjustments to the formula can be made by
factoring in the: integration style, percentage of customisation, number of components in
the landscape or the variety of constructing elements.

As in this scenario, the integration style played a relevant role, the ALC score can be
adjusted. For example, in the future, based on multiple project analyses, the fact that a
solution used a reusable integration as opposed to tightly-coupling components via P2P
(specialised) connections, can result in a deduction of a certain score from the overall
complexity score. To illustrate this, as Option 1 used middleware which supports the
reusability of the interface in the future, the delta in change decreased with a value of 0.2.
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In Figure 5.5, it can be seen that the type of integration was mentioned per solution. As
such, the score in the delta of complexity was changed, as per Figure 5.6. Now it becomes
clear that Option 1 is a less complex choice.

Additional Indicators

Name Solution Option 1 Solution Option 2 Solution Option 3

Number of Applications

Integration style Reusable Both Point-to-Point

Percentage of Customization

Variety of constructing element

#In this case study the type of ns for adjustings the

complexity scores

FIGURE 5.5: Adjustments to ALC Score - Type of Integration

As a general remark, if in the future the organisation chooses to only use Application A,
as seen in Figure 5.7, the complexity score will decrease (and its value would be 1,5) as
there will be no more data or functionality overlaps. This option is only introduced by the
researcher, as it was not explicitly mentioned during the case study.

5.3 Formula Validation

Starting with the formula validation, several points for improvement were brought to light
during the discussion with the experts. These concern the initial weights assigned to the
indicators (application functionality overlaps, data overlaps and the number of interfaces),
the possibility of introducing powers given the influence of the indicator on complexity
or adjusting the score of complexity based on additional factors. These suggestions are
collected from a limited group of respondents, therefore they do not represent the best way
forward, rather they are just stirring discussions for formula improvements.
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5.3.1 Weights

The initial formula is considered a sufficient starting point for quantifying application
landscape complexity at an absolute level. This is the case, as the experts think it can
adequately indicate complexity by using simple, easy-to-understand and collect indicators
and metrics. This simplicity is essential for a measurement method that must be applied
in practice in the organisation. By starting to test it in several cases, the initially assigned
weights can however change.

One suggestion received from the expert panel was to fit the weights according to business
situations or dynamics (e.g., number of users), or style of desired solutions. For example,
in an organisation which uses microservices, maybe the weight for the interface number
is lower than the other two. Hence, flexibility (to a certain extent) needs to be given to
an enterprise when using the formula. It is important to note that the weights must not
change for individual projects or portfolios as this will generate skewed and inconsistent
results. A more detailed discussion regarding weight adjustments is part of Chapter 6.
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This aspect of flexibility is also connected to trying to keep the formula’s result as close
as possible to an absolute indicator. In this case, it is important to not try and intertwine
or factor in aspects such as relative assessments or severity of complexity. The process of
quantifying complexity should not look at drivers of complexity, calculate a score and then
offer a good or bad, appropriate or inappropriate assessment/judgement (e.g., a high com-
plexity score is bad). Rather it should just mention the score for ALC for the comparison
of designs (e.g., between options choose the one with a lower level of complexity).

This type of judgement of whether a high ALC score indicates a good or a bad change is a
future work (a more in-depth explanation is part of Chapter 7.4). By applying the formula
in several cases, the architects can start connecting the score to understand the meaning
of the changes resulting in it and if potential benefits arise with a lower ALC score.

5.3.2 Powers

Another mentioned addition to the formula was including powers for each of the three
indicators. Each of them can influence complexity in various ways (e.g., linearly, expo-
nentially), thus factoring in how a change in one influences the application landscape
complexity would be interesting to explore. In literature, Rojas [97] proposed a formula
based on which the functionality, data overlaps and the number of interfaces could all be
assigned the power 3.11. However, the discussions with the panel of experts revealed that
this is too high and there should be a clear differentiation between the powers of each
indicator.

Presently, having powers is not perceived as a necessity as “it overcomplicates the formula”,
as one of the experts mentioned. In the case of observing the need for powers after multiple
tests conducted with the initially proposed formula, these can be included.

Another important distinction is that when including powers in the ALC formula, the
weights assigned to each indicator need to be discarded, as mentioned by experts. So the
complexity formula should not contain both weights and powers. The experts consider both
weights and powers to indicate the impact of the indicator on complexity, hence creating
a duplicate score. From a mathematical perspective, the weight scales the magnitude of
the indicator, whereas the power shows the growth rate.

As a mathematical implication, this means double counting [159] due to the overlap of
effects. When a weight represents the impact of an indicator on complexity and the power
shows the growth of the indicator due to complexity, they both capture the connection
between indicators and complexity. There will be a risk of double counting the same effect
and overestimating the complexity score.

If one uses to wish both powers and weights in the ALC formula parameter tuning or
calibration is needed to find the right combination of values that can yield generalisable
results.

5.3.3 Indicators

Lastly, to embed the formula in projects, indicator-related suggestions were received. The
formula can be improved considering the other four factors in the model: integration
style, the percentage of customisations, the number of applications and the variety of the
constructing element. First, each of the four indicators needs to be described.

For example, the integration style is detailed in Table 5.1 and Figure 5.8 (for both the
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information in the table and the simple and complex view, a discussion similar to the
points mentioned in 4.3.2 can be held). Next, if one solution uses reusable interfaces or
middleware, then complexity can decrease as opposed to using P2P connections (specific
interfaces) between applications. This type of reasoning will be needed per each remaining
indicator.

During the validation procedure, feedback suggested that the preliminary formula (the
one limited to the use of three indicators) can be adjusted. This meant subtracting a
predetermined weight if, for example, the solution adds a reusable interface as opposed to
a P2P connection, or if there are more customisations in the landscape. However, after
further expert analysis, it was mentioned that the other four factors can also use a similar
formula structure as the three simple ones. This means that in more advanced iterations
of the formula, the complexity indicators can have the same structure, e.g., a combination
of counts and weights, which will either be added or subtracted to create the overall ALC
score.

In Chapter 4 the integration style choice is mentioned. For the research, two disjoint
categories of integrations are chosen: P2P connections and reusable integrations.

For initial usages of the formula, once again, it was stated that factoring these four indi-
cators is not necessary. This is the case as it is hard to derive weights for each of the four
factors, adjust the scores, or collect information about all of them from an enterprise.

Table 5.1: Integration Style Definition

Name Integration Style

Description Different modalities of connecting application
components for achieving a certain functionality.

Use Ilustrates how the connection between applications is
realised.

Required Data Clearly defined properties/specifications of an interface.

Metric Check if interfaces are reusable or P2P.

Discussion Can be gathered from ArchiMate by considering the

flow properties. If a reusable integration is used as
opposed to a P2P connection complexity decreases.

Another avenue of exploration mentioned by the experts was creating more flexibility per
indicator. For example, instead of counting the number of applications delivering the same
service, maybe consider the applications performing certain functions or assisting with
certain capabilities. This recommendation will not be taken into account as it can create
inconsistencies due to different levels of observation and subjectivity.

The costs driven by the application landscape complexity, as displayed in Figure 4.9 should
be summed together to offer a monetary value for the cost of complexity. When this sum
is determined or can be estimated, the suggestion to calibrate the ALC score was made by
one of the respondents. The monetary value can be used to adjust the weights and powers
of the three indicators, such that these can represent reality.

Figure 5.9 offers an overview of all the possible changes to the initially proposed formula
for ALC, as shown in equation 4.1.
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FIGURE 5.9: Formula Suggestions

5.4 Method Validation

Going beyond the simple formula validation, the second factor under investigation was the
measurement method. For the research, it is essential to uncover if this method can be
applied during projects to help architects manage complexity and make effective decisions.

The experts agreed that the method can be used by IT architects and that it helps as a
solution option tool for the management of complexity. By utilising the proposed artefact,
application landscape complexity is quantified alongside the delta in the change from an as-
is to a to-be situation. The addition of the definitions and a clear design of what complexity
would mean for each indicator is expected to make the tool easy to use and understand.
Hence, an option choice can be made based on the generated score of complexity.

In projects, options are chosen based on a wide array of elements, such as strategic, func-
tional, or non-functional fit. A list with these choice points has been created after analysing
documented EA solution options during the case study period. The left column in Figure
5.10 depicts these points which are influencing or guiding decisions. As the complexity
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of the application landscape is rarely considered (the model in blue in Figure 5.10 - or
in the middle), the artefact is expected to help the enterprise. Furthermore, for solution
options, costs that influence a choice are mostly run and maintain or high-level project
costs, as seen in the purple dotted square (right column in 5.10). Factoring in the costs of
complexity will bring value and allow the architects to make better-informed choices.

It is expected that the artefact can be applied to various contexts, going beyond project
solution option choices. For example, the experts are seeing it helping at a portfolio level
or a line of business level. In the case of portfolios, the artefact is expected to become
a strategic portfolio analysis tool that can indicate where the highest complexity streams
from. The outcome of the formula is believed to “provide input for a governance process
between portfolio managers, I'T managers and lead architects” (as mentioned by one of the
experts). This would be a first step based on which, the business can start rationalising or
creating a roadmap for the future. Additionally, when working with different clients, the
artefact can also be generalised to indicate the level of complexity associated with their
application landscapes.

For trade-offs, doing the measurement in Excel is considered “a good first step” by the
experts. At the moment, the necessary discipline for automation in tools such as PowerBI 7
or Bizzdesign needs to be improved. Even if other tools exist to help with the management
of complexity, in large organisations, a lot of time will be spent trying to onboard the
employees and change their ways of working. Hence, Excel represents an initial step that
can support the management of ALC until the alignment and discipline are in place to
leverage the existing tools. Under the assumption that this discipline is in place and all
the information is documented in Bizzdesign, it would be preferred to have the ALC scores
as part of this tool. By leveraging an in-design approach, IT architects can have more
flexibility. PowerBI on the other hand needs to be used for an easier integration with the
leadership dashboards.

This means that, for project solution options, Excel is the best option in terms of tooling
for quantifying ALC at the moment (for the case study organisation), whereas Bizzdesign is
the desired one. Expanding beyond projects and evaluating portfolios and their respective
application landscape scores, besides the use of Bizzdesign, PowerBI dashboards can be
created to also indicate to the business what is the status of ALC. Furthermore, the ALC
evaluation can also be embedded in tools such as ServiceNow which are currently used by
the organisation to assist with Strategic Portfolio Management.

To ensure the method is embedded into the company, its practicality must be demon-
strated. This can be done by illustrating how to measure the three indicators and clearly
stating their sources, as advised by an expert. Subsequently, the architect community
should be informed and initiate pilot testing. If refined post-pilot and incorporated into
solution designs, the tool is expected to be an effective means of supporting the manage-
ment complexity.

"PowerBI - Interactive data visualisation software part of the Microsoft suite
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5.5 Final Proposal for Method

By looking at Figure 5.10 and Figure 5.9 a proposal for an improved measurement method
of the application landscape complexity is introduced.

5.5.1 Steps

IT architects should first document project solution options and create designs for the cur-
rent situation and the possible future options. These must at least showcase the application
components and their links with application services and data sets. Then for each to-be
state, various elements such as alignment of the option with requirements, non-functional
fit or the ALC complexity need to be investigated for better decision-making processes.

As the latter is at the heart of this research, the IT architect will be able to generate
this score by using the proposed formula. The initial formula for complexity, as seen in
equation 4.1, can be calibrated in later stages using the suggestions from Figure 5.9.

5.5.2 Automation for Quantifying Application Landscape Complexity
Creating Views
For Project Current and Future States

As multiple participants in the case study desired to have an automatically generated
score for ALC, a possible approach to do this in Bizzdesign is introduced. The GitHub
repository®, mentioned in 4, has been expanded to include the Bizzdesign project (as an
xma file), which is detailed below.

First, upon opening Enterprise Studio (Bizzdesign’s tool for modelling), an IT architect
must create views for the project’s current application landscape and for possible future
states. In Figure 5.11, one view for an as-is and four to-be situations are depicted. These
views are part of a package called “Project Digital Twin” (as the modelled views are based
on the example detailed in Section 5.2).

The required elements in these views are application components, data flows, applica-
tion services realised by application components, and business objects associated with the
application components. Without them, the complexity formula can not be calculated.

The four views, in the example model, are simplified versions of Figures 5.1, 5.2, 5.3 and
5.7. This means that Application A will be depicted alongside the data platform, the digital
twin, the data object and application service, as seen prior (in the figures mentioned above).
However, instead of representing Application B as two components, in the representations
in Bizzdesign, they are grouped into one application component called "Application B".

For Transitions

Next, per project, an options view can be designed. In this view, one plateau represents
the as-is and the others are possible future states. Each plateau must be linked to its
corresponding view. Figure 5.12 illustrates how the as-is plateau is connected with the
as-is view.

8The researcher can be contacted for collaborator rights/access to the private GitHub or fu-
ture ideas for tool development. Alternative link: https://gitfront.io/r/evastoica/nX7kKTGXTAYX/
ALC-Quantification/
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Create Metrics

Next, four types of metrics can be created. The ALC metric is the aggregate metric which
quantifies the application landscape complexity. This is based on metrics for counting the
number of interfaces, counting the data overlaps and counting the functionality overlaps.
By using a metric view, the relationship between the ALC (as a parent) and the other
three indicators (as children) must be created. This is showcased in Figure 5.13. Table 5.2
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FIGURE 5.11: Views for a Project and its Options
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FIGURE 5.12: Linking Plateau with a View

details the terminology mapping from literature to Bizzdesign.
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Table 5.2: Measurement Terminology in Bizzdesign
Concept General Terminology Terminology in Bizzdesign
Complexity Attribute/Latent variable Metric (as a parent or
aggregate)
Driver of Indicator /Observable Metric (as a children)
complexity variable/Measurand /Factor
Quantifying the | Metric Measurement (as a script)
driver

Automatic Scoring of Metrics

Next, it is important to mention that ALC is a summation of the values streaming from
the children and gives weights to each of them. As seen in equation 4.1, and in Figure 5.13,
the weights proposed are 0.2, 0.3. and 0.5. Then, the metrics for quantifying data and
functionality overlaps or the number of interfaces will have a script assigned for automatic
calculation.

The script represents a small piece of code, written in a programming language to automate
tasks. The code used for the scrips of the three indicators can be found in Appendix F. In
Figure 5.14 the metric view is presented, showing how ALC is composed of three children,
each calculated based on a given script.

The current scripts are tailored to the organisation in the case study, but they can easily
be modified according to a certain company’s architectural representations in Bizzdesign.
Moreover, the current scripts address the issues with granularity in modelling (as different
architects might design IT solutions differently). For support on the scripts, the researcher
can be contacted. The initial idea of the scripts was to start small and have a basis that
can be expanded or improved after subsequent tests.

Connect Metrics to Plateau

To gain insights from these metrics, it is important to go back to the plateau view previously
designed. Here, each of the plateaus should be connected with the metric ALC, as seen in
Figure 5.15. Then, the architect needs to create a “Portfolio Landscape View” which can
be named “Project Options”. Then the selected population of the view needs to be the
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plateau view created in the beginning (see the name of the view in Figure 5.12). Next, the
ALC metric must be added to the portfolio view, as depicted in Figure 5.16.
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7y DataOverlaps 2
iy FunctionalityOverlaps 2
. NumberOfinterfaces 4
Opfion 3

FIGURE 5.15: Metrics per Plateau

Once this is done, by opening the portfolio view and by populating and scoring the portfolio,
the score of ALC and its children is calculated, as seen in Figure 5.17. In this option
scorecard, the values are shown for concrete examples, the views of the DT project (Figure
5.1, 5.2, 5.3 and 5.7, where Application B is seen as one component). To go even further, a
dashboard can be created to showcase these scores (see the spider chart example in Figure
5.18) and further recommendations or comments can be added for each individual option.

In the case of this DT project, Options 1 and 3 had the same score, and the decision was
made to choose Option 1. This is due to the approach of transmitting data by creating
a reusable interface for Application B and a connection to the data platform, rather than
creating a singular P2P connection that can only be accessed by Application B and the
DT.

The automation is currently limited to calculating the ALC score. Nonetheless, based on
these outcomes, the delta of complexity can be calculated as a difference between plateau
scores and added to the “Project Options” portfolio landscape view. Furthermore, in the
literature, it was highlighted that for each component part of a view, costs can be depicted
as attributes. Hence, if in the as-is and to-be views have several costs assigned by experts,
the formula can assist in automatically calculating the costs of the landscape.
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5.6

Summary and Takeaways

Chapter 5 describes the outcomes of the validation procedure for the proposed artefact.
These emerged after discussions with experts on topics such as meeting requirements,
application of the measurement method in different contexts or using similar methods
to quantify complexity. The following steps were taken during the validation: start by
showing the measurement model and the ALC formula, demonstrate how the method is
working based on a case from the enterprise, and have a discussion with the experts about
the artefact.

As several key points stood out after the validation procedure, these are enumerated below.

The most important element in the equation of ALC are the weights assigned to
the three factors: the number of interfaces, the data overlaps and the functionality
overlaps. These weights must be adjusted to match an organisation’s architectural
choices.

The formula for ALC should not factor in relative assessments such as good or bad,
adequate or inappropriate complexity. It should be used at an absolute level and
offer a score based on which decisions can be made.

To quantify the cost of complexity, the “hidden costs” should be summed. Further-
more, given the monetary value of the cost of complexity, the ALC score can be
calibrated.

The method is expected to help architects in the management of complexity and in
making effective decisions.

The method proposed can be applied to more than project solutions, for example,
it can be used as a portfolio analysis tool. Presently, using an Excel spreadsheet
to calculate complexity is the adequate approach, however, in the future using the
ALC score as an in-design approach for IT (leveraging Bizzdesign’s capabilities) and
creating dashboards in PowerBI for the business will bring the most benefits.

The measurement method and quantifying ALC can be automated in Bizzdesign.
This research illustrates how to automate the calculation of the ALC score for as-is
and to-be options.
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Chapter 6

Discussion

This chapter combines the knowledge gathered from the literature reviews performed dur-
ing this research (detailed in Chapter 2) with the insights collected from the case study
and the validation of the proposed measurement method (as seen in Chapter 3 and 5).

Each section in this chapter details some essential points that underpin the research and
their implications for both academia and practice. This means that each section focuses
on the key findings of the research, their interpretation and implications. In the end, the
most important takeaways from this chapter are listed.

6.1 Complexity Drivers

The first findings addressed are concerned with the possible elements impacting, influencing
or causing complexity in the application landscape.

6.1.1 Type of Drivers

One of the most important outcomes of the research, for creating a simpler and more
agile I'T landscape in an enterprise, is shifting the focus from just rationalisation towards
understanding where a larger size, diversity and high number of connections comes from at
the application level. Both RQ1 and RQ3 assisted in arriving at this point of discussion.

In both literature and during the case study it became apparent that drivers for complexity
are numerous and can roughly fall under two categories: technical /IT drivers and organ-
isational /business drivers. For a better classification, as seen in Figure 3.9, the business
drivers can be split into internal and external factors.

The figure also indicates which drivers of IT complexity are mentioned more often in
literature. Prior studies in academia, such as [79], have shown the importance and impact
of technical drivers on complexity. These could be, for example, an increase in the amount
of applications or the diversity of the elements part of a landscape.

Perhaps one of the most striking differences in terms of the technical drivers is that, in
practice as opposed to the literature, the number of applications is not considered a direct
indicator of application landscape complexity. This study has discovered that the number
of applications is relative to other indicators, such as the number of interfaces between
applications. This means that having a higher amount of applications may not be an
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issue in an IT landscape. Complexity emerges with intricate integrations between these
applications or with data issues when exchanging and using information.

With the help of the case study, it was identified the business drivers are the “root cause”
that needs fixing. This research demonstrates that drivers such as market maturity, laws
and regulations, company culture and politics are not given sufficient attention in the
literature, however, they are deemed important in practice. These need to be considered
when managing complexity as they can impact the growth of ALC.

Thus, with the simpler driver division in mind (business and IT), changing IT to fix
complexity, or addressing the technical drivers of complexity, is perceived as a simpler
endeavour as opposed to adjusting the business processes. However, this only helps in
managing short-term complexity. To have a simpler overarching I'T landscape, it is critical
to solve the root causes coming from the business drivers of complexity.

This is expected to support the creation of an I'T landscape which will allow agility, effective
changes and easier navigation of a dynamic environment. As mentioned by experts during
the case study, a 70-30 split should be in place, where 70% of the attention is given, for
example, to making a change to business processes and strategies, or to creating handrails
and guidelines that need to be followed. The remaining 30% should go towards reducing
the number of applications, adjusting the level of customisations or using better integration
patterns.

6.1.2 Lack of Documentation

In this study, another finding that should be discussed is the impact of documentation
on application landscape complexity. In Figure 3.5, the researcher also included the lack
of documentation as a potential indicator of complexity. This was seen as the absence
of documentation about the application landscape, such as missing information about a
system. In the literature, the link between complexity and documentation is not specifically
mentioned. Hence, when answering RQ3, with the help of the case study, more clarity on
the link and relationship between documentation and application landscape complexity
has been created.

During the survey, the outcomes showed that lack of documentation was ranked as one of
the least important indicators for application landscape complexity. During the interviews,
this was further investigated. It became apparent that lack of documentation is perceived
as an enabler rather than a direct driver of complexity. This means that it only allows the
complexity of the application landscape to stay “hidden” or difficult to understand.

This result shows that issues with documentation, such as the lack of it, are elements
that influence how an architect perceives and comprehends the application landscape.
Other problems such as how much the documentation covers (e.g., information about
the current application landscape such as specifications of I'T components which can be
gathered from platforms/EA representations in the company), its quality or its age (e.g.,
the latest update) are also important and make the management of complexity an easier
or harder task for architects.

6.2 Formula for ALC

Next, the discussion on the proposed formula for quantifying ALC is introduced.
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6.2.1 Indicator’s Definition

An interesting outcome is related to the level of subjectivity and personal interpretation
of what the complexity of the application landscape means. To achieve a common un-
derstanding, at a company level, and make more informed decisions based on ALC, an
enterprise must create clear definitions of complexity indicators. These need to be shared,
adopted, and used in the whole organisation. This point is touched upon in both the
literature and the case study.

As observed during the case study (see the complexity capability maturity model in Figure
3.4), individuals refer to various elements when explaining what application landscape
complexity stands for. For some, this only means a high number of applications in their
area of work, whilst for others complexity goes beyond the size of the landscape and is also
related to interconnections between applications, percentage of customisations etc. With
clear definitions of complexity and its indicators, an organisation can start improving their
complexity management capabilities.

A useful tool that can help is the complexity capability maturity model described in the
literature [3]. Based on this model, an organisation can move step by step to increase its
capabilities in managing application landscape complexity.

Furthermore, once individuals have an aligned view of what each indicator of ALC means,
measuring these becomes an easier task. On the basis of such definitions, a better overview
of what should be in place when modelling architectures can also be created. These points
are supported by the discussions held during the case study. These illustrated the fact
that more discipline is needed for EA modelling, as architects have the freedom to depict
a landscape according to their views.

For example, quantifying the application functionality overlap, without a clear definition,
can mean for some architects, counting the number of applications serving the same busi-
ness function, whilst for others it can mean the count of the delivered services or maybe
even the realisation of capabilities. Hence, a definition sheds light on what exactly needs to
be quantified and what must be included in designs (e.g., depict services, use capabilities
etc.).

6.2.2 Indicator’s Weight

Once having a set of definitions for indicators of application landscape complexity, organ-
isations can start quantifying each of them. The prevalent literature and the case study
show that the application functionality overlap, data overlaps and the number of interfaces
are some of the most important indicators of complexity. From the literature, as shown
by Schneider et al. [82], it also became evident that numerous organisations have are
collecting data to quantify these three indicators. Considering the indicator importance,
the proposal for the formula of ALC can be generalised, and it is expected to help various
enterprises.

Nonetheless, one aspect of the formula that must be adapted is the weight given per
indicator. For example, in large companies such as Netflix or Uber, which decided to
implement microservices [160],[161], having a higher number of interfaces should not weigh
the most. Having a higher number of interfaces is not considered more complex. In this
case the applications delivering the same services must weigh more.

Based on the company’s choices for its I'T architecture, the weights can be adjusted for
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various use cases. These cases can be designed considering how the business operates the
IT or how the teams within an enterprise are structured. For example, a use case can be
created by looking at the type of patterns used in the company, and the architectural style
decisions present in an enterprise (e.g., use of data mesh architecture or microservices).
Moreover, the choice in terms of using domain-driven design® or traditional approaches to
enterprise modelling can be analysed [162].

For the architectural style, the weights must be adapted as explained previously, in the
microservice example. Also, in the case of choosing a data mesh as a data management
approach or using common data models in an organisation, a higher number of interfaces
will not weigh as much in the ALC formula, whereas the significance of data or function-
ality overlaps will carry a greater score. For integrations, different weights can be given
considering elements such as application coupling, integration simplicity, technology, data
format, timeliness or synchronicity as mentioned in [141]. The organisation at which the
case study was conducted also had an integration guideline book in which handrails were
provided on how to enable an appropriate collaboration of applications.

6.2.3 Solution Options

During the case study, the proposed method for quantifying application landscape com-
plexity has been perceived as a support for solution options analysis. This method can
help with the guidance of IT architects towards effective decisions. In both the literature
and the case study, complexity is difficult to quantify and manage. Thus, with the help of
the formula which can generate a score per solution, an architect can understand the level

of ALC.

The score is expected to guide architects when deciding on what changes to implement
in the application landscape. However, this score is not the only decision factor. As
illustrated in Figure 5.10, several other choice points influence a decision. These can range
from functional or non-functional fit to risks.

Hence, the proposed artefact can become a part of a “Pokemon Card” (as mentioned by one
of the experts during the validation of the artefact). Pokemon cards contain information
about a creature type, ability or any further characteristics [163]. As such, the respondent
envisioned a similar card containing all the information of a to-be option.

In this card, ALC is a quantitative factor guiding future choices in projects. Other qualita-
tive elements, such as strategic or functional fit are elements in this card. Each option can
have such a “Pokemon Card” based on which the IT architect can choose a to-be direction
for a simpler and smarter I'T landscape. Figure 6.1 has been designed as an example of
how such a card can look like. Based on the combination of the results of qualitative and
quantitative factors in a “Pokemon Card”, the architect can make an informed decision
towards the future.

6.2.4 Automation

During the case study, when answering RQ 5, it became apparent that the management
and quantification of complexity is an easier endeavour for organisations which have archi-
tects following certain guidelines. These types of guidelines assist in aligning the views of

9Domain-drive design - Approach for building complex architectures around business concerns, which
got more attention because of its adoption by microservices style
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the organisation on the application landscape as much as possible (e.g., how to integrate
applications, what needs to be in place when modelling a change of the IT etc.).

Subjectivity plays an important role in how the I'T architecture is represented throughout
the organisation, as architects can make choices freely. This can lead to departments
using different IT solutions that support a certain business process. By comparing various
parts of large organisations, without using certain architectural guidelines, discrepancies in
application landscapes can be observed. For example, some parts of the organisation can
use middleware, manage their data in an adequate manner etc., whilst others can create
tightly coupled solutions by having applications deployed on the same server and using
code modifications to create P2P connections. This can be illustrated by considering the
integration guideline book of the company at which the case study was conducted. It is
expected that the architects will leverage this integration book when designing solutions.
However, it can be the case that these types of guidelines are not used if the employees in
a large company are not accustomed to or are not aware of them, amongst other factors.

To exemplify the importance of guidelines further, the case of automatically generating a
score for the ALC, as discussed in 5.5.2 can be broken down. First, without handrails,
this automation procedure can not exist. If the architects only model a target state and
do not consider several options, there will be no added benefit of calculating complexity.
The method proposed in this thesis should be part of a solution option tool for effective
decisions. Moreover, if the solutions do not include certain elements such as application
components, application services, data flows to depict interfaces, or data objects (in the
case of the company at which the case study was conducted), the automatically generated
value of ALC will be inconsistent when used in several parts of the organisation. This
means automation can be in place if a set of required elements are present in an as-is or
to-be architectures.

Hence, to automate the procedure for calculating ALC, handrails and documentation are
necessary, such that architects will know what is expected of them and how they can reach
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a better decision-making process. These guidelines ensure that expected benefits, in the
case of this research support for the management of complexity, can be achieved in an
enterprise.

6.3 Impacts of Complexity

Next, the impacts of application landscape complexity on the enterprise are discussed.

6.3.1 “Hidden Costs” of Complexity

Moving to the economic pillar of an organisation, when discussing about an I'T landscape
and its complexity, the majority associates it with a higher total cost of ownership. An
emphasis is put on how a complex landscape leads to more run and maintain costs or project
costs. In the literature the same costs, for example, component, licenses, integration, and
migration, were the most highlighted ones.

However, during the research, several other costs driven by a complex application land-
scape (as a part of the IT landscape) were identified. If the landscape is complex and a
change must be made, the time spent in making decisions might be longer due to trying
to understand where to start. Moreover, certain opportunities can be missed as a complex
landscape might not permit being agile.

Therefore, architects and managers need to acknowledge these “hidden costs”, linked with
the intricacies of change processes, which can range from costs of prolonged decisions to
costs of rework, as seen in Figure 4.9 and in Table 4.4. As they are harder to quantify as
opposed to the project or run and maintain costs, more discipline is required to generate
a monetary value for the cost of complexity.

6.3.2 Management of Complexity

The overarching result of the thesis should serve as a first step towards a better management
of complexity and a more effective decision-making process for a simpler I'T. At the moment,
the formula gives an absolute value to application landscape complexity, but this should
also be interpreted.

Complexity, as mentioned throughout the thesis, can be seen as both a positive and a
negative element in an organisation. During the case study, it was observed that the
architects should balance opportunities and requirements alongside dogma and pragmatism
to create an adequate level of complexity. In literature, this is named “requisite complexity”

[66], [18].

To reach this point in which somebody can categorise complexity as “good or bad” based
on the outcome of the formula, multiple cases need to be analysed and connections with
the performed changes must be created. For example, if the ALC score is applied to several
project options and the architects explain what changes they made per each option, a better
understanding is created regarding the meaning of a low or high score of complexity.
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6.4

Summary and Key Takeaways

Chapter 6 discusses several results of the research and their implications prior to reaching
the conclusions. The list below summarises this chapter and illustrates the essence of the
discussion points.

Performing tasks such as rationalising the IT landscape (e.g., reducing the number
of applications) is expected to influence the overall complexity for a short time. For
the management of complexity, it is important to address the business drivers, as
those are the ones that, when acknowledged and understood, can create a simpler,
more agile I'T landscape.

The number of applications may not be a direct indicator of complexity. This is
relative to aspects such as the interconnections between applications.

Issues with documentation such as the absence of it, its inadequate quality, insuffi-
cient coverage or infrequent updates are hiding how complex an application landscape
is. This leads to a more difficult process of managing complexity.

To quantify ALC, a clear definition of what it means and how it can be broken down
into smaller indicators is needed. Based on these indicators, an architect knows what
needs to be measured and, thus what is necessary to model in a landscape.

The weights indicated in the initial formula for ALC need to be adjusted based on
different use cases which can be observed at an organisation level. These use cases
are concerned with the decisions taken by a company to structure their I'T landscape
(e.g., decomposition patterns — use of microservices etc.).

The ALC score can be part of a solution “Pokemon card”, alongside elements such
as strategic or functional fit. Based on this card assigned to a future state (e.g.,
a view depicting the to-be of the application landscape), the architects can make
better-informed decisions.

To automate ALC, guidelines and handrails need to be in place and must be used to
indicate how to model solution options in a tool such as Bizzdesign. These guidelines
make sure that everything is modelled similarly and that quantification of ALC can
be performed based on existing models.

There are several costs that should be acknowledged when calculating the costs of
complexity. These range from the cost of missed opportunities to the costs of rework
or the costs of prolonged decision processes.

The calculated value of ALC should be interpreted (not seen as an absolute value)
only after multiple tests. During these, it should be identified what types of changes
in a landscape are associated with a higher or lower ALC score.
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Chapter 7

Conclusion

The last chapter of the thesis concludes the research by providing the lessons learned by
answering to the RQs, in section 7.1. Upon providing the answers, the contributions to
both research and practice are highlighted in Section 7.2. The remainder of this chapter
details the limitations of the study and the future avenues of exploration 7.3 and 7.4.

7.1 Lessons Learned

This thesis has set out to design a method for quantifying application landscape complexity
and understanding its cost implications. This should be applied in a practical setting and
assist I'T architects in making effective decisions for keeping the landscape agile for future
changes. Due to the dynamics and growth of I'T developments, enterprises must have the
ability to quickly adapt to changes. Research shows that managing the complexity of an
IT landscape is a difficult endeavour for organisations and that there is a lack of tools that
support this.

Therefore, the thesis aimed at responding to the following overarching research question:
“How can a practical measurement method be designed to quantify the enterprise archi-
tecture complexity and its cost implications?”. Several sub-research questions have been
formulated to help capture all the needed information for crafting a comprehensive answer
to the main RQ.

7.1.1 Complexity Metrics and Costs

The first sub-research question “Which complezity metrics can be used to measure change
i an IT landscape?” explored existing indicators of complexity. Next, the second sub-RQ
investigated “What types of costs are associated with the IT landscape?”.

These first two questions have been addressed in Chapter 2. Starting with complexity
drivers and metrics (sub-RQ 1), in literature, IT complexity is seen through a myriad of
lenses. As no study offers a comprehensive overview of elements that drive this type of
complexity or how it can be quantified, several works have been combined to answer the
question. It became apparent that potential drivers for IT landscape complexity are, for
example, size, diversity, and heterogeneity. For metrics of complexity, aspects such as
counting elements or entropy have been identified.

The second sub-RQ explored the types of costs associated with the IT landscapes. When
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working with IT landscapes, the costs that are accounted for are the “most obvious ones”,
primarily falling under run and maintain category. It is rarely the case that costs connected
to change processes or complexity are acknowledged or are guiding decisions. Moreover,
costs are determined independently of complexity and the assumption is that if the number
of links or interactions in an I'T landscape increases there will be a growth observed in costs.
Another unanticipated discovery when performing the literature review for sub-RQ 2, was
that there is a lack of techniques that cover quantitative cost analysis in architectural
models.

7.1.2 Measuring ALC

The third sub-RQ “What are suitable complexity metrics that can be used in measuring the
delta of the change in the application landscape?” assessed possible combinations of metrics
for application landscape complexity. It was uncovered, during the case study (Chapter
3) that there are three metrics, which are considered adequate for displaying the level of
complexity of an application landscape.

These are counting the number of applications which have functionality overlaps (how many
applications are realising the same service), quantifying the applications’ data overlaps
(e.g., by counting how many applications are there per a data set/entity/object) and
lastly, evaluating the total number of interfaces. By aggregating the metrics of these three
indicators (application functionality overlap, data overlap and interfaces), an ALC score
for a design can be generated. Afterwards, the difficulty in the move from an as-is to a
particular to-be is calculated by subtracting the complexity of the initial state from the
one of the future state.

The company involved in the case study showed interest in quantifying complexity with
the use of this formula, recognising its potential for broader applications beyond projects.

7.1.3 Costs of Complexity

The fourth sub-RQ, examined the costs driven by application landscape complexity “What
costs can be factored in a formula when application landscape complexity hinders the agility
to adapt to a change?”. During the case study (Chapter 3), it became apparent that due to
the complexity associated with the application landscape an array of “hidden costs” should
be acknowledged by architects. When making choices, besides looking at the total cost
of ownership, several costs such as the one of missed opportunities, prolonged decisions
or rework must be factored in. The proposal is to use the hidden costs in a sum which
indicates the cost of complexity.

7.1.4 Practical Use of Arterfact

The last sub-RQ explored “To what extent can complexity metrics be used in analysing the
enterprise architecture in the context of a large enterprise?”. The findings, formed during
the validation process in Chapter 5, indicate that the metrics can be used effectively only if
a company has comprehensive documentation and relevant data on the complexity drivers
and indicators.

Furthermore, IT architects must adhere to guidelines when designing IT landscapes. By
looking at the scope of the research, the data needed for the three indicators should already
be visible in an organisation. If not, the employees in the organisation must first establish

107



a common understanding of application landscape complexity. Once defined, the method
to quantify complexity can be integrated into the current ways of working.

Guideline creation is a recommendation for companies dealing with complex IT landscape.
One should start by defining what complexity means, as shown in the thesis: ALC means
the number of interfaces and the applications with data and functionality overlaps. Next,
the guidelines for applying the method should be documented. In the case of this research,
the steps proposed in Section 5.5.2, detail how solution options should be designed in a
modelling language and tool to allow ALC quantification. Following this, the method
should be tested for smaller scopes such that its benefits can be shown. Once the defini-
tion, the documentation are adequate and results are visible for smaller scopes within the
company, promoting the measurement methodology to ensure is use is next. This way, all
architects will know the required design steps, necessary elements, and the benefits of ALC
quantification.

7.1.5 ALC Measurement Method

With this array of answers, the response to the main RQ lies in the design of the artefact
proposed in the thesis. The measurement method introduced in this study quantifies
a section of enterprise architecture complexity by looking at the application layer. The
current way to quantify ALC in a practical setting is to consider designs of solution options
in projects. Per the current state and the different future options, a complexity score is
calculated by architects using the formula and approach proposed in the thesis. Given the
complexity score, one can also investigate what is the monetary value of complexity if the
“hidden costs” driven by complexity are documented.

Hence, when designing a measurement method for complexity that can be applied in a
practical setting it is important to scope the landscape down, clearly define drivers, indi-
cators and metrics of complexity, embed the approach into the current ways of working in
a company and improve the approach incrementally.

Serving as a starting point, the artefact can be enhanced or developed further by prac-
titioners. More tests and expert interviews must be conducted before the large-scale im-
plementation of the method. In organisations or business areas having a certain level of
enterprise architecture discipline, architects or managers can begin using the proposed
artefact in various cases to evaluate its outcomes.

7.2 Contributions

By creating such a comprehensive list of answers, the thesis contributes with valuable
insights to both academia and practice and is expected to be a foundation for future
works. These contributions are detailed in the subsequent sections.

7.2.1 Literature Study and Conceptual Model

In the beginning, the mixed method literature review pieced together various dispersed
streams of knowledge on the topic of IT landscape complexity. As numerous perspectives
exist on what the I'T landscape means, this thesis contributes with a conceptual model, as
seen in Figure 1.2. By creating such a model, the views are linked together and the first
steps towards an alignment of perspectives on IT landscapes is achieved.
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7.2.2 Models of Drivers and Metrics of Complexity
General

Furthermore, by performing both a literature review and a case study, an enhanced
overview of complexity drivers and indicators was developed, as seen in Figure 3.9. This
brings additional insights to light as the business drivers which influence complexity and
their importance are not thoroughly emphasised in the literature. The thesis uncovered
that addressing business-related issues is crucial for the long-term agility of the I'T land-
scape. The landscape is expected to remain simple and agile for a longer period if the
root causes streaming from the business side are solved, as opposed to only reducing the
number of application components or improving integration patterns.

ArchiMate

The research also contributes with an ArchiMate model for illustrating I'T landscape com-
plexity drivers and metrics. This can be seen in Figure 4.1.

7.2.3 List of Costs of Complexity

Additionally, insights into various I'T landscape costs were synthesised. From the literature,
the approaches and connotations of “the cost of complexity” are illustrated. Furthermore,
a proposal is made of the elements described as “hidden costs” that are expected to emerge
due to a complex application landscape. Table 4.4 offers an overview of costs emerging
due to a complex IT landscape, which need to be more actively accounted for/monitored
in large organisations.

7.2.4 ALC Structural Model

The research also provides the first measurement model, as seen in Figure 4.2, combining
indicators of application landscape complexity, detailing the influences among factors and
complexity. The model identifies application functionality overlaps, data overlaps and the
number of interfaces as relevant and sufficient indicators to quantify application landscape
complexity.

7.2.5 Architectural Patterns

Based on these three indicators, the research also illustrates three patterns for showing
what a complex versus simple representation is. These can be found in Figure 4.3, 4.4,
4.5. Furthermore, an additional 4th view comparing a simple versus a complex applica-
tion landscape component is proposed for differentiating the integration styles used by a
company, as seen in Figure 5.8.

7.2.6 Measurement Model and Formula

Based on this ALC structural model, a method (which can be implemented manually or
automatically) for selecting options by quantifying complexity is proposed. Organisations
can reuse this method and adjust it to fit their enterprise architecture landscapes.

The thesis also contributes to the existing body of knowledge by introducing the formula
to quantify ALC as a part of the measurement method. Two approaches are proposed by
the thesis to apply the method in a practical setting. The first is the use of Excel, whereas
the second is the method applied in an EA modelling tool (Bizzdesign). A comprehensive
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step-by-step guide of how to use Bizzdeign for quantifying ALC is introduced in the thesis,
as seen in Chapter 5.5.2.

For the enterprise architecture practice, this research thus offers a method that can assist
architects in quantifying ALC and in choosing future options. As complexity is a rather
invisible aspect in an organisation and hardly any complexity management tools exist,
architects or managers can use the artefact proposed to make complexity tangible.

7.2.7 Discussion Points

Lastly, the discussion points mentioned in Chapter 6 illustrate several key results of the
thesis and their implications. By having the interpretation of the results, a deeper un-
derstanding of the topics investigated throughout the thesis is achieved. Furthermore, it
showcases how the existing literature intertwines with the case study outcomes, adding
depth to the research.

7.3 Limitations

The limitations of this research need to be addressed, hence this section discusses several
areas which could have been improved.

7.3.1 Qualitative Study

The first limitation is surfacing from the choice of conducting the thesis as a qualitative
study. The mixed-method literature review and the case study are done through the prism
of only one researcher, due to the nature of the thesis. Having this singular, subjective,
perspective on gathered results can be said to include a level of bias or maybe omit in-
sights. To ameliorate these concerns, both the literature reviews and the case studies were
performed according to rigorous guidelines that are expected to help with the reduction of
bias and to create study applicability.

7.3.2 Participants

Another limitation experienced is concerned with the number and type of participants
involved in the survey, interviews and the validation procedure. 32 respondents actively
engaged in the case study. However, they were all working at the same company, which
might pose a challenge in capturing diverse perspectives on the topic of application land-
scape complexity. To try and address this limitation, a choice of talking with experts with
various backgrounds, active years and roles in the company was made. Nonetheless, the
artefact proposed could have been enhanced by reaching out to people working in other
sectors to ensure the completeness of the model and to have a stronger claim that the three
indicators for application landscape complexity are sufficient.

7.3.3 Indicators’ Links

Related to the artefact proposed, the measurement model currently depicts the most rel-
evant relationships between indicators of complexity based on the outcomes of the case
study. As mentioned earlier, this is done by only one researcher and validated with a
smaller group of people, hence it can be the case that certain relationships are missing.
During the case study, it became apparent that all the indicators are intertwined to a
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certain extent, but for simplicity and practicality, only the most discussed relationships
are depicted. Hence, the model is expected to be in close proximity with reality.

7.3.4 Given Examples

Streaming from the testing of the proposed formula and the tool, another limitation is con-
cerned with the number of projects and examples that were provided for analysis purposes.
Only one example was explained in more detail by an architect and the relevant details
were filled in the Excel tool. At the company at which the case study was conducted, EA
modelling languages were not commonly used for creating solution options. The project
option shared had to be transposed in ArchiMate by the researcher. As EA designs and
models are more simplified than reality, it would have been important to look at other
documented cases and apply the method for quantifying complexity.

7.3.5 Validation

Lastly, validation inputs came from an expert group (the advisory board) and only some of
the interviewees. Due to the limited time frame of the thesis, the method validation could
not have been discussed one-on-one with all the interviewees. To address this concern, a
presentation, illustrating the relevant findings of the thesis, was sent to all the participants
in the study. Upon receiving the presentation, they were asked to respond to a few ques-
tions. Thus, validating the method with a larger pool of experts might have enriched the
data and created a more comprehensive understanding of the subject matter.

7.4 Future Avenues of Exploration

As there is abundant room for future progress in managing enterprise architecture com-
plexity, based on the thesis findings, their broader ramifications and interesting avenues of
exploration need to be presented. These represent collections of sparked ideas during the
literature review and the case study.

7.4.1 Ontologies

Starting with future research, for the management of complexity having a clear understand-
ing of this term’s meaning is essential. Hence, ontologies can define a common language and
align views on an organisation’s IT landscape complexity. These are a means to provide a
complete and consistent set of terms that define a problem domain, illustrating their rela-
tionships and properties [164], [165|. Furthermore, with the help of ontologies, knowledge
representation will facilitate improved governance and decision-making processes, alongside
collaboration and scalability [165].

Ontologies can enhance the semantic expressiveness of the IT landscape components con-
ceptual model introduced in Chapter 1. By analysing application layer components in this
model, an ontology for ALC including indicators and metrics can be explored. This can
be extended using Figures 3.9 and 3.10 as starting points for an overarching I'T landscape
complexity ontology. The work of Azevedo et al. [166] proposing an ontology for Archi-
Mate can support this. The ALC ontology will be a domain-specific ontology part of the
top-level ontology of IT landscape complexity [167], which can also include the type of
costs associated with a complex IT landscape.
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7.4.2 Measurement Model

It would also be interesting to validate the relationships between the indicators of com-
plexity from the measurement model. Leveraging this type of validation could make it
easier to select the appropriate indicators for calculating ALC and showcase if any missing
relationships are not part of the model. Furthermore, each indicator should be individu-
ally considered and its relationship with complexity should be detailed. For example, how
would one of the indicators influence the growth of complexity, is it in a linear, exponential,
quadratic etc. manner?

7.4.3 Complexity’s “Hidden Costs”

Another important issue for future research is identifying how the proposed “hidden costs”
of complexity can be measured. It would be interesting to explore how from a given ALC
score, a monetary value of the cost of complexity can emerge. There is no formula that can
translate a complexity score into a monetary value. Something along these lines would be
valuable for enterprises as it can show how complex a state is and what are the implications
on costs. Having such an approach will give an organisation a better sense of direction and
will showcase what a high or low complexity score means as a monetary value.

7.4.4 Business Complexity

To develop a full understanding of I'T landscape complexity, which spans beyond the appli-
cation landscape, the mechanisms behind business drivers (e.g., business processes, struc-
tures etc.) need to be untangled as they are primarily influencing this type of complexity.
For a long-term impact, more agility and less costs, tackling and improving the root causes
streaming from organisational factors can reduce the IT complexity. A further study on
the connection between ALC and business complexity is needed to confirm these claims.

7.4.5 Calibration of Weights

Looking at the artefact proposed, further investigation is desired to determine adequate
weights for each of the three indicators: the application functionality and data overlaps
and the number of interfaces. Based on discussions with other companies, use cases for
calibrating the weights should be created. Having a holistic view of how several organisa-
tions are structured, how they are conducting their operations or what architectural styles
they are using for their IT landscapes can help a researcher in crafting these use cases. To
enhance the selection of appropriate weights, academic insights can also be collected based
on discussions with domain experts.

7.4.6 Real-life Applications

Given the method proposed, this must be applied in real-life contexts. To apply the
method, a company must define the meaning of ALC complexity, create guidelines for
modelling representations and show its results in real-life situations (as described in 7.1.4).

According to DSRM’s design cycle [67], this real-life testing represents an important step.
The applicability of the artefact in several real-life cases creates a better understanding
of how to form a judgement regarding the ALC score or what elements are commonly
associated with a higher or a lower score. By employing this real-life setting, it can also
be ascertained whether a change in the complexity of a project impacts the portfolio or
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organisation in a particular manner. By adding this observation layer to the simple score
of ALC, businesses can also start using the method for mastering complexity.

7.4.7 Scope Expanison

Another direction for future work is the expansion of the methods’ scope to a portfolio level.
The current artefact was designed as a project solution options tool, which assists architects
in making decisions and managing complexity. In the future, the formula proposed for
quantifying complexity can be adjusted such that it can be applied to portfolios. If one
portfolio is assigned a complexity score, comparing and contrasting best practices should
be possible. Architects can learn from each other when a portfolio in a similar line of
business has a lower complexity score.

If several other companies can be contacted, the possibility of using the ACL score as a
benchmark should be mentioned as an expansion point. If the weights of the indicators
are aligned in all the enterprises, such a benchmark can promote a discussion on how each
application landscape is designed, what it is comprised of, and what some best practices
that could be employed by all the other enterprises in similar contexts are (e.g., understand
why a ALC score is lower and what can be done about it).

7.4.8 Artificial Intelligence

Lastly, a promising future direction is integrating artificial intelligence (AI) with ALC
scores for solution option choices. If one EA design is assigned an ALC score, Al can
suggest ways to reduce complexity, given a training set of past cases associating scores
with detailed change descriptions. This requires a lot of discipline and information. Al
can aid architects during modelling processes. Similar to computer-aided design, the Al
can proactively suggest how to reduce complexity, explain why designing an element in
a particular manner might not be adequate and propose suggestions. For example, the
AT can mention “You have done a good job in designing this solution, but here are some
thoughts on how you might want to improve to reduce complexity, allow agility for the
change process and reduce costs”. Even more, Al might suggest a to-be option from a
current as-is state, given a certain list of requirements.
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Appendices

Appendix A - IT Landscape Components in ArchiMate

In this appendix, the description of the IT landscape according to the prior work of the
researcher is introduced. Figure A.1 is proposed by the researcher. According to the
model, an IT landscape refers to the overarching structure, combination and configuration
of applications (which can use several IT objects) and their relationships to support the
business processes for delivering value to the customer.
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The model is comprised of three layers, similar to the core model of ArchiMate [1]. These
are the business processes, applications and services, and the infrastructure layer.

The IT landscape is composed of a myriad of applications that support the business oper-
ations of an enterprise. The business has to complete certain processes, created based on
information or data entities, that need to be supported by IT. Hence, from the business
requirements, applications are selected and used by an organisation. These realise services
that assist the business in delivering value to customers.

The applications can be combined and configured in various ways, and each of them has
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certain characteristics. According to Matook [168], there are seven different characteristics
of an application: integration, connectivity, complexity, state, adaptation, self-adaptation,
and synchronicity. Furthermore, each application has a status or a lifecycle phase, as
mentioned by Bruckmann et al. [30]. For example, an application can be in one of the
following phases “proposed, test, productive, standard, and retired” [30].

Next, applications can have a type. For example, Laan [11] distinguished three types
of applications: client (e.g., web browsers, word processors), office (e.g., email servers,
collaboration tools), and business-specific (custom-built or highly customised applications,
e.g., Enterprise Resource Planning). These applications can also belong to a category.

Moreover, the applications in an IT landscape fulfil certain functional or non-functional
requirements [28]. The functional dimension is concerned with the high-level structure of
architecture, thus, the applications, their specifications, interfaces or interaction sequences,
protocols, data exchange formats and restrictions [28|. The non-functional dimension must
investigate performance (e.g., response time, throughput), dependability (e.g., reliability,
availability, security, and robustness) and general aspects (such as desirable future). This
dimension is composed of requirements which were also perceived as important by Laan
[11], as previously discussed.

The model illustrates that applications are using “IT objects” (as defined by Bruckmann),
such as software (e.g., operating systems, databases, compilers, en-/decryption software),
hardware (e.g., servers, workstations, storage devices) and technology. The last IT object,
technology, is seen as “software architecture patterns” or “application protocols, digital
preservation formats, programming languages” [30]. Matook [168] also supports the view
that the “I'T artifact” is based on technology, software, and hardware. These three elements
are integrated, and they help with the execution of information-processing tasks with a
specific usage purpose
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Appendix B - Literature Review Protocol

In this appendix, information on the choices and actions undertaken during the literature
reviews can be found. The details on why a certain type of literature review was performed
to answer a particular question are introduced. Moreover, an in-depth delineation of the
stages which guided the systematic literature review is discussed.

B.1 Knowledge Questions Break-down

Table B.1 illustrates how and why the sub-RQs were investigated in a particular manner.
The sub-questions are the ones that created the holistic understanding on which the answer
to the main question could be formed.

B.2 SLR Stages

To better explain the process behind the systematic literature review, this section entails
the five SLR stages proposed by Webster and Watson [72].

Define

The first step of the literature review relates to clearly defining aspects such as the scope
of the review or the data sources that will be used.

The scope of the review is obtaining answers to sub-RQs 1b and 2a. By having these
well-defined research questions, through an SLR, they can progressively become answer-
able. The goal for sub-RQ 1b is to provide a background that can allow an appropriate
positioning of future research activities, whereas sub-R(Q 2a helps with identifying under-
investigated areas of research.

For the outlet and the database selection, four academic repositories were used to perform
the search. These are Scopus, IEEE Xplore, ISI Web of Science and ACM Digital Library.

Another important element in the “Define” phase is determining inclusion and exclusion
criteria, as well as possible restrictions or limitations. Table B.2 depicts the choices for each
of the two sub-RQs. These criteria aid with increasing the fit of the results and uncovering
valuable insights.

Inc

For the inclusion criteria, the papers must be selected based on their relevance and the
number of citations (peer-reviewed status). The language of the text must be English,
as this is the primary language of the report. For both the research questions, the title,
abstract and keywords of the paper must include various terms that are part of the text of
the question. This is in place for a better alignment of the search result with the domain
of interest. Moreover, as the document is concerned with the topic of IT complexity and
EA is a means to manage it, the whole domain of Information Systems (IS), containing
sub-domains as EA, must guide the inclusion of articles.

This has a direct impact on the exclusion criteria. The articles which are part of domains
outside IS will be disregarded. For example, the domain of business management does
not address IT architectural complexity but instead discusses business intricacies. On
top of that, specifically for sub-RQ 1b, the origins of complexity should apply to the
IT landscape (considering the connection between business — application — technology
landscapes), hence, investigating government techniques or management practices, finding
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complexity causes in supply chains or complexity emerging during software design will be
excluded. These types of exclusions are done as the possible results narrow the perspective
of the research and limit the findings to singular events, instead of observing the holistic
view and intricacies of an enterprise.

Lastly, keywords or search terms were defined. The terms helped guide the search and set
the basis for possible search queries. They are the ones encompassed in the formulation
of the RQ or their synonyms and variations. For RQ 1b, Table B.3 illustrates the main
keywords which form the core of RQ 1b. Table B.4 showcases the main keywords used for
RQ 2a.

Search

The search phase is concerned with performing the search on the above-mentioned repos-
itories (Scopus, IEEE Xplore, IST Web of Science and ACM Digital Library). Based on
the keywords, different queries were initially created and through episodic searches, they
were altered such that sufficient and relevant outcomes could emerge. Wolfswinkel et al.
mention that for the sake of transparency, it is important that the search terms, queries,
and sources are documented |73]. Thus, the search queries applied for each of the scientific
repositories, for sub-RQ 1b are visible in Table B.5. Table B.6 offers an overview of the
queries for sub-RQ 2a.
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TABLE B.2: Inclusion and Exclusion Criteria

Research
Question

Based on relevance
Inclusion Lz.mguage - English
Title, abstract and keywords — Include the term com-
RQ 1b . . .
plexity or its derivates
Thematic relevance — Fall under research areas con-
cerned with information systems, enterprise architec-
ture or computer science
Articles from medicine, social sciences, business man-
Exclusion agement, mathematics natural sciences, education
Articles discussing IT projects, government, manage-
ment, supply chain, industry-specific concerns or soft-
ware design
Based on relevance
RQ 2a Inclusion Language — English
Title, abstract and keywords — Include the terms re-
lated to models and costs applications
. Articles falling outside of the information system do-
Exclusion main

TABLE B.3: RQ 1b Keywords

Complexity ‘ Drivers

‘ Domain of Interest

Complex*

Driver*
Factor*
Cause*

IT
IT architecture
IT landscape

Root Cause* | Application™ architecture

Origin* Application® landscape
Source* Enterprise architecture
Influence* Information system™ architecture

TABLE B.4: RQ 2a Keywords

Model-based

‘ Cost ‘ Domain of Interest

Model-based

Model

Model-supported

Cost* Enterprise Architecture
Cost-analys* ArchiMate
Cost-estimation | Application™ architecture
Econom*
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Select

In the "Select" phase, from the number of articles discovered, Wolfswinkel et al. mention
that the reviewer must filter out the doubles, refine samples based on the abstract and title,
then consider the full text, and lastly perform forward and backward citation searches |73].
For RQ 1b, 10 papers were reviewed, given that they fell under the scope of the research.
Initially, the queries returned 173, 64, 89 and 91 results for Scopus, IEEE Xplore, ACM
Digital Library, and ISI Web of Science. Moving to RQ 2a, 7 papers were selected from
37, 18, 82 and 167 results (Scopus, IEEE Xplore, ACM Digital Library, and ISI Web of
Science). By filtering out the doubles, analysing the titles and abstracts of the results, as
well as consulting the full text, the final selection of academic work has been made.

To ensure that the search results are as comprehensive as possible, a snowballing technique
has been used [169], which is in line with performing a forward and backward citation,
suggested by Wolfswinkle et al. [73]. By looking at the references used by the authors, as
well as where the paper is being cited, additional papers with new points of view can be
analysed. For question 1b, only one new insight could be gathered in terms of complexity
drivers as many of the papers were referencing each other. However, a lot of the authors
were touching upon factors which could be classified as architectural debt, thus 6 additional
papers on this topic were investigated as possible drivers for complexity.

The results and the citations of the 17 papers (complexity origins:11 and architectural
debt:6) pointed to insights for sub-RQ 1b, discussing metrics which could be useful in the
calculation of complexity. For RQ 2a, by applying the snowball technique, 4 additional
papers were inspected as they were closely linked with the question. An overview of the
numbers described above is visible in Figure B.1 and B.2 below, in line with the PRISMA
methodology [74].

Identification of studies via databases Identification of studies via other methods.
Reconds identified from®:
Databases (n=417) Records removed befors
= Beopus (173) SCreEning. Reconds identified from:
- |EEE Xpiare (B4) 8| Dupleate recands remavied Citaban searching (n = T)
- ACM Digital Library (80} (= 18)
= 151'Web of Scienca (37)

!

Reconds screensd Riconds exchuded
e 358) | e3s9)

)

Reports sought for netrieval Reports not retrieved Reports sought for retneval Reports not retrieved
g (n = 80) =18} {n=T7) n=0)
i : I
Reports assessed for eligibdity Reporis exchuded. Reports assessed foe ebgibil
{n = 28} —_— lmmma&“mﬂmé';;: " ne=T) ehgibility .
n= Reports exchuded
Concemed with management (n=0)
prachces. (n=4)
Studies included in review
(n=10}
Reports. of incluted studies
£ =17}

FIGURE B.1: PRISMA - Complexity Metrics (RQ 1b)
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[ Identification of studies via databases } [ Identification of studies via other methods }

c Records identified from*:
S Databases (n= 304) Records removed before
§ - Scopus (37) screening: Records identified from:
&= - |EEE Xplore (18) »> Duplicate records removed Citation searching (n = 4)
£ - ACM Digital Library (82) (n=13)
3 - 1SIWeb of Science (167)
\
o v
Records screened »| Records excluded
(n=291) (n=271)
v A4
Reports sought for retrieval | Reports not retrieved Reports sought for retrieval Reports not retrieved
g (n=20) l (n=3) n=4 "l (n=0)
3 : !
Reports assessed for eligibility »| Reports excluded: Reports assessed for eligibility »l
(n=17) Not applicable to information (n=4)
system domain or enterprise Reports excluded
architecture (n = 10) (n=0)
-
— A
3 Studies included in review
-] (n=7)
E Reports of included studies
5 (n=11)
_—
Ficure B.2: PRISMA - Costs (RQ 2a)
Analyse

Moving to the analysis phase of the five-stage method [73], the authors explain that from
the pool of selected papers, a random one will be chosen as a starting point and concepts
that seem relevant must be highlighted throughout the paper. All the academic articles
up for review will undergo this process once. The reviewer will thus perform open-coding
(to discover hidden aspects from a bird’s eye perspective of the study), axial coding (to
find relationships between different categories discovered) and finally selective coding (to
integrate and refine different categories).

Furthermore, the authors describe how important is to create a concept matrix for re-
viewing literature. Thus, instead of categorising the article itself, find and categorise key
concepts. Table B.7 and B.8 showcase the basic concept matrix for the concepts uncovered
for sub-RQ 1b, whereas Table B.9 illustrates the topics discovered for question 2a.
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Present

The last step of the literature review is concerned with presenting not only the findings of
the corpus of papers but also the relationships between concepts and insights. Section 2.3
encompasses the answers for sub-RQ 1 and 2. Moreover, at the end of each section analysing
the literature, a conclusion synthesising the findings is included. In this synthesis, graphical
representations/illustrations/tables are provided such that the reader can be made aware
of discovered connections. Having this step is also considered important by Wolfswinkel et
al., as they state that “visualizations can help reach a broader audience”|73].
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Appendix C - Complexity Metrics Overview

C.1 Documented Complexity Metrics

Figure C.1 illustrates the findings of Tacob et al. [20]. The 42 metrics for complexity and
their classification according to the framework of Schneider is presented |2].

C.2 Extension for Documented Metrics

To extend the work of Iacob et al. [20] with recent literature developments, Table C.1 has

been created.

Table C.1: Proposed Metrics for Complexity

Metric

Explaination

Operationalisation Ref.

Entropy

For measuring the
heterogeneity of components
and relationships.

pi is the relative frequency of
a certain flavour i; e.g., the
number of instances for
operating system i.

Use entropy on certain parts
of EA; EA is a graph with
nodes and the relationships
between components are
edges.

EM=31_, piln (p;) j47]. [170)

Complexity
(e.g,
Coupled
Domain
Complex-

ity)

Complexity C is rooted in the
number N and the
heterogeneity H of
components T and relations
R. Calculate the number of
interfaces of applications
assigned to a functional
domain (D) and the
heterogeneity of the
functional domains. Domains
are coupled based on the
information flows of
applications which are part of
a domain.

Cy = (N, Hy), €T, R [82]

Continued on next page
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Table C.1: Proposed Metrics for Complexity (Continued)

Metric Explaination Operationalisation Ref.

Multiple criteria V=[B1, By, A1, Ag, Ty, To] [157],
Fuzzy decision-making tool for to-be L = [L1, Lg, Ls] [171]
AHP scenarios. Check density of W =

components from each layer —
business, application,
technology. Give weights
(weight vector calculated
based on expert’s ratings) to
both the layers and the
individual components.
Choose the minimum density
architecture.

(Wi, Wa, Wi Wy, W5, W ]
B =DB;x Wi+ Bs * Wy
A:Al* W21+ AQ * W22
T=Tyx Wi+ To * Wsa

C:Ll*B+L2 *A—I—Lg * T

The manner and degree of
Coupling  interdependence between
Metric software modules. i is the
level of highest coupling type
and n is the number of
dependencies between two
components.

C=it+n/n+1 [172]

A method for uncovering new

Design facts about applications and
Structure  architectures based on
Matrix —  relationships. Based on a
Visibility  design structure matrix

and calculate how many
Propaga-  applications depend directly
tion or indirectly on one

application (A) — Visibility
Fan In, and how many A
depends on — Visibility Fan
Out.

Propagation [172]
Cost=>"N  VFI; /N?> =
3L, VO,

N2

Verticles, edges, and V= e-n+2p [172],
(Enterprise) connected components. [173],
Cyclo- [174]
matic
Complex-
ity

As explained in 2.3.1 S C M=F311 4 p31 [97]
Structural
Complex-
ity Metric

Continued on next page
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Table C.1: Proposed Metrics for Complexity (Continued)

Metric Explaination Operationalisation Ref.
As explained in 2.3.1 DDC i, ‘ ' [66]

EA i+1(t)=>_7_4 fj(tgffj, where n €

Degree of N

Dynamic

Complex-

ity
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Metric Objectivel |Structurall |Quantitative |Ordered/
subjective |dynamic fqualitative |disordered

# relations Objective Structural |Quantitative |Ordered

# alements Objective Structural  |Quantitative |Ordered

# cardinal elamants Objactive Structural |Quantitative |Ordered

# cardinal relations Objective Structural |Quantitative |Ordered

Cyclomatic comphaxity Objective Structural |Quantitative |Ordered

Elerment entropy Objective Structural |CQuantitative |Disordered

Relkation entropy Objective Structural  |Quantitative |Disordered

Conformity Objoctive Structural ﬁw ' |Disordered

Interface Complexity Multiplier | Objective m;’" E&fﬂ“' :?mr::;:dr;u

Redundancy Objective | Structural gﬁﬂ":ﬂ“ ' |Disordered

# OS5 & middleware Objactive Structural |Quantitative | Ordered

Functions/system Objactive Structural |Quantitative |Ordered

# patterns Objective Structural |Quantitative |Ordered

Application age Ohbjective Structural |Quantitative |Ordered

# hardware platforms Objective Structural |Quantitative |Ordered

Betweennass centrality Objective Structural |Quantitative |Disordered

Quantified expert opinion Subjective |Structural |Quantitative |Ordered

Pattarn coverage Objective Structural  |Quantitative |Ordered

Elaments/type Objective  |Structural | Quantitative | Orderad

Relations/ebkement Objective Structural |Quantitative |Ordered

Processesielemant Objective Structural |Quantitative |Ordered

Elermenis/process Objective Structural |Quantitative |Ordered

| Service-time Actual Objective Structural  |Quantitative |Ordered

Domains/application Objective Structural |Quantitative |Ordered

Software categories/app Objective  |Structural |Quantitative |Ordered

SLOC Objective Structural |Quantitative |Ordered

Halstead difficulty Objective Structural |Quantitative |Ordered

# functions Objective Structural  |Quantitative |Ordered

Appsiuser Objective Structural |Quantitative |Ordered

Customization Objective Structural |Quantitative |Ordered

# instances Objective Structural  |Quantitative |Ordered

# software platforms Objective Structural |Quantitative |Ordered

Application type Objective  |Structural  |Qualitative | Ordered

# software frameworks Objective Structural |Quantitative |Ordered

# new applications Objective Structural |Quantitative |Ordered

|# retired applications Objective Structural |Quantitative |Ordered

[# physical servers Objective Structural |Quantitative |Ordered

|# virtual servers Objective Structural |Quantitative |Ordered

Visibility Fan-In Objective Structural |Quantitative |Ordered

Visibility Fan-out Objective  |Structural  |Quantitative |Ordered

Requiremantsfapp Objective Structural |Quantitative |Ordered

Pmpagatlan cost Objective Structural |Quantitative |Disordered

FicUure C.1: Complexity Metrics List
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Appendix D - Survey and Interview Questions

D.1 Survey
Title Understanding the IT Application Landscape Complexity

Context For my master’s thesis, I aim to create a method and measurement for quantifying
Application Landscape complexity in large enterprises. Moreover, it is examined how
complexity affects change processes. The main purpose of this survey is to get your input
on the drivers and significance of complexity.

Section 1 — Demographic Information

All the collected information will be treated as confidential and handled with the utmost
care. The name will only be used to discuss the answers further in the case of an interview.

1. What is your name? — This response will only be used for the identification of the
answer

2. What is your position in the company?

o IT manager

o Lead Architect

o Solution Architect
o Data Architect

o Other ...

Section 2 — Introduction to Complexity
3. Do you consider the IT Application Landscape of your company as being complex?

o Yes
o No

4. (If Yes) What are the elements in the Application Landscape that drive complexity?
5. (If No) What are the elements that make the Application Landscape simple?

6. What challenges arise due to the complexity of an Application Landscape? — You can
select multiple options and you are also encouraged to name a few more via the "Other"
prompt.

o Costly to manage and operate the I'T landscape
o Less flexibility to future changes

o Difficulties when including innovations

o Other ...

7. Can complexity of an Application Landscape bring any benefits? If so, which are those?

Section 3 — Maturity of IT Landscape Complexity Management
8. Do you think that Application Landscape complexity is under control in your company?

o Yes
o No
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9. Do you know initiatives or projects that are trying to simplify the Application Landscape
in your company? - You can select multiple options and you are also encouraged to name
a few more via the "Other" prompt.

o Initiative 1
o Initiative 2
o Initiative 3
o Initiative 4
o Other ...

10. Is there a clear, standard definition used in the company for complexity factors which
influence the Application Landscape?

o Yes
o No

11. Do you think a clear, standard definition is needed? Why?

12. On which level would you position your company when it comes to capabilities for
IT landscape complexity management? - The figure below depicts a complexity capability
maturity model. Level 0 is linked with a low level of maturity, and level 6 means the
highest possibility for complexity management according to the literature. Please read it
carefully and position your company on the stage that you consider appropriate.

o Level 0
o Level 1
o Level 2
o Level 3
o Level 4
o Level 5
o Level 6
Harmonised- the company optimised their
internal complexity according to external
6 complexity and can dynamically adapt and
adjust
5 Managed - strategies to adapt or to master
the complexity drivers are in place
4 Analysed — complexity patterns are
generated via a certain approach
Quantitative — metrics/KPlIs etc. are in
3 place to quantify the complexity drivers
Qualitative — qualitative methods for evaluating
2 existing complexity drivers are in place
(e.g., direct observations, documents etc.)
1 Defined — the company has defined
complexity drivers
0 Initial — the company had not yet defined any

complexity drivers for the IT landscape
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13. What existing information sources in your company can be used to gather quantitative
details about complexity drivers? — Please name systems, document types or people/roles
that can deliver this information

14. Are there any tools or methods that you know of which can be used to analyse and
quantify the complexity of an Application Landscape?

15. (If yes) Please name the tool(s) or method(s).

Section 4 — Complexity Factors and Costs

16. What makes an IT landscape complex at an application/data level? - Please rank the
items below how you see fit, by either drag and dropping or by using the arrows on the
right hand side of the item.

o Number of components

o Integrations/Interfaces/Information flows between applications

o Customised applications

o Integration styles (e.g., bespoke, point-to-point solutions)

o Variety of constructing element of component (e.g., programming languages or dif-
ferent technologies)

o Overlap between data of applications

o Overlap between application functionality

o Lack of documentation

17. Are there other factors (besides the ones described above) that you consider essential,
which can influence the Application Landscape complexity?

18. Which types of costs can be linked with the above-mentioned factors, when considering
a change to the landscape (e.g., project)?

Section 5 — Final Remarks

19. Do you think a simpler IT landscape can allow more agility in the adoption of future
changes?

o Yes
o No

20. Can you describe the reasoning behind this choice?
21. Would a method for quantifying the Application Landscape complexity be valuable?

o Yes
o No
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D.2 Complexity Drivers and Metrics

Informed Consent

Oral consent

— According to the Ethics Committee

- Participate voluntarily, Right to withdraw at any time
- No risks associated with the study

- Record the meeting

Introduction

The interview aims to gather additional information on the topic of IT application land-
scape complexity and to understand what requirements would be needed for the creation
of a method to quantify complexity.

Facts about the interviewee

1. Have an introduction if it will be the first time meeting the interviewee (current role in
company etc.)

Ways of Working

2. What are your daily tasks/routine?

3. Where does architecture (EA) play a role in your job?

Complexity

4. What does the complexity of an Application Landscape architecture mean to you?

5. Are you being hindered by complexity when performing any of your tasks? And if so
which tasks/where do you see the effect of complexity?

6. Based on the outcome of the survey/ranking - look at extremes/similarities/differences
etc.

a. Why do you consider that the level of complexity maturity capabilities was so
dispersed? — show the chart and the levels; why did you score it like this; would you adjust
your score?

b. Ask about the placement of factors in the ranking — Why did you order the factors
in the survey ranking like this?

c. There was a trend showing that integrations, number of components and cus-
tomised applications are the top complexity factors. Do you agree with this statement?

d. “Lack of documentation” was ranked the lowest, however, some people choose
it as their first preference (it also appears to be lower for employees in higher positions).
Why do you think that is the case?

e. What does customisation of an application mean to you?

f. Ask interviewee specific questions - .... ; Here the link between costs and complexity
can also be discussed
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7. How would you measure the factors: number of apps, the number of interfaces and the
customisation based on the data currently available in your company?

Formula for quantifying complexity

8. From the key complexity factors we have discussed, what combination do you think could
accurately indicate complexity? /how many would be sufficient to indicate complexity

9. How do you think these factors influence each other?
10. How do you think they influence the growth of complexity?

11. How would you use a formula for complexity? (calculate the complexity for one
viewpoint, calculate the differences between an as-is and a to-be models etc.)

Method for applying the formula
12. How would you apply such a formula in your current way of working?

a. During the survey you mentioned A,B,C ... as possible tools or methods for
quantifying complexity. How do you envision them to quantify the factor that we have
just discussed?

b. What do you think about a script that can be used in Bizzdesign to quantify
complexity?

i. If the interviewee has experience with scripting ask how should the process
of running the script look like : e.g., go to Enterprise Studio — run the script — select a
certain viewpoint etc.

ii. If the interviewee does not have experience with scripting, briefly introduce
them to the concept

13. Show a scripting demo and ask if they have anything useful to add or to have based
on it.

14. Would you require step-by-step/documentation on how to use such a method?

15. Follow-up interview when needed ...

D.3 Costs

Informed Consent

Oral consent

— According to the Ethics Committee

- Participate voluntarily, Right to withdraw at any time
- No risks associated with the study

- Record the meeting

Introduction

When talking about IT, complexity and costs, most of the costs associated with an IT
landscape fall under the run and maintain costs. But what is the link between Applica-
tion Landscape complexity and costs during change processes? The cost of complexity is
believed to be proportional to the number of links and interactions of components.
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This interview aims to uncover different types of costs that can be connected with the
identified drivers of complexity.

Facts about the interviewee

1. Have an introduction if it will be the first time meeting the interviewee (current role in
the company, daily tasks, where does EA play a role in their operations etc.)

Company Specific

2. What does complexity of an Application Landscape architecture mean to you? / Does
it hinder any of your tasks?

Complexity

3. There was a trend in the survey answers showing that integrations, number of compo-
nents and customised applications are the top complexity factors. Do you agree with this
statement?

4. How would you measure these factors?

5. What combination indicates complexity for you?

6. How do the factors influence each other?

7. How do they influence the growth of complexity?

Costs

8. Is there a link between cost and complexity, from your perspective?
9. Are you familiar with cost taxonomies used in your company?

10. What are costs that are usually measured when undergoing a change in the Application
Landscape?

11. Which costs can influence the decision-making process when selecting alternatives in
a project? (e.g.; choose between different to-be scenarios)

12. Do you know which costs are estimated vs. which costs are known?

a. How are these costs estimated?
b. What do you consult when wanting to know more about costs?

13. During the survey, you indicated ... as costs - add more based on the answer (e.g.,
Why? How would you calculate the cost? From where do you get the data?)

14. The top three drivers of complexity mentioned in the survey are (I) the number of inte-
grations/interfaces etc., (II) the number of components and (III) customised applications.
Which costs do you expect to emerge during a change process for each?
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Appendix E - Integration Style, Options and Middleware

In this appendix, the connection between the two disjoint integration styles mentioned
during the case study, point-to-point (P2P) and reusable, is connected with the work of
Hohpe and Wolf [141] on application integration options and middleware.

Two disjoint integration styles were identified during the case study. These are P2P and
reusable integrations. P2P reflects the use of an interface specifically designed for the
connection of only two applications, whereas a reusable integration focuses on an interface
being consumed by multiple applications.

There are four types of application integration options:

1. File transfer - Each application produces files of shared data for the others to consume
and each consumes what others have produced.

2. Shared database - The applications store what data they want to share in a common
database.

3. Remote procedure calls (RPC) - Some of an application’s procedures are exposed
such that they can be invoked remotely. Other applications invoke those to run
behaviour and exchange data.

4. Messaging - Each application connects to a messaging system to exchange data and
invoke behaviour using messages.

Then, middleware is defined as the common standard communication mechanisms between
applications [141].

Starting with the file transfer, if done in a P2P manner, this means that one applica-
tion produces files specific to only another application. The latter consumes these files.
However, to be done in a reusable style, this means that the files of shared data can be
consumed by multiple applications.

Next, a shared database can mostly be associated with reusable integrations, as it repre-
sents a central place in which various applications store data and gather information. The
database is standardised and managed via middleware, such that a common data layer is
in place (e.g., middleware provides a consistent interface for all the applications). In the
case of a P2P integration, the database access of an application is specifically tailored for
another application.

With RPCs, in a P2P scenario, the mechanism is designed for a direct connection between
two applications. For example, Application B calls specific functions in A. These functions
are tailored to Application B’s needs. If a change is made in Application A, then B must
also change. In the context of a reusable integration, the RPC can be exposed through
middleware which allows other applications to access the functions provided by Application
A. For this particular example, Application A can evolve without impacting the consuming
applications, as the middleware will handle the changes.

Lastly, message queuing can also be seen through both a P2P and a reusable integration
lens. In a P2P scenario, the messages are set up for communication between two appli-
cations only. If changes emerge with the format or the configurations of the queue, both
applications need to be updated accordingly. For reusability, however, the messages are
managed via a message broker and multiple applications can access it. As in the case of
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middleware for RPCs, here having the message broker allows one application to change
independently of the others.

Based on the descriptions above, the following key takeaways need to be highlighted:

e P2P integrations - create tightly coupled systems in which one change in an appli-
cation affects the other; specific file transfer and message queues or direct database
queries or RPC calls between two applications are examples of these P2P integrations.

e Reusable integrations - as opposed to P2P these support a loosely coupled architec-
ture and standardisation via middleware or message brokers; standardised file trans-
fers, RPC calls, common databases and a central message broker can be considered
as part of the reusable integration category.
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Appendix F - Scripts in ArchiMate

F.1 Counting Number of Interfaces

viewOfPlateau="";
objectReferenceToView="";
number0fFlows=0;

forall "IMPlateau" p in modelpackage{
viewOfPlateau = p.attr("interlink").toString() .split(",")[2];

/*Checks if Plateau is assigned to a view and remembers the view */
forall "MM_Object" mm in modelpackage {
check=" "+mm.toString();
if (check==viewOfPlateau){
objectReferenceToView = mm;
b
X

/*In the view associated with a Plateau calculate the amount of flowsx*/
number0fFlows=0;
forall elem in objectReferenceToView {

if (elem.type().toString()=="Flow relation")
numberO0fFlows = number0OfFlows + 1;

result = Structure();
result.add("object", p);
result.add("value", numberOfFlows) ;
output result;
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F.2 Counting Application Functionality Overlaps

viewOfPlateau="";
objectReferenceToView="";

numberOfFunctionalityOverlaps=0;
forall "IMPlateau" p in modelpackage{
viewOfPlateau = p.attr("interlink").toString() .split(",")[2];

/*Checks if Plateau is assigned to a view and remembers the view */
forall "MM_Object" mm in modelpackage {
check=" "+mm.toString();
if (check==viewOfPlateau){
objectReferenceToView = mm;
X
}

/*In the view associated with a Plateau calculate how many apps realize
services*/
indexFunctionality = Index ();
forall "ApplicationService" aS in model {

/*Check if the service in the model is part of the view

If it is then perform a certain action

*/

forall elem in objectReferenceToView {

if (elem.type().toString()== "Application service"
&& aS.toString()== elem.toString()){
/*Count how many applications are realising a
servicex/

realisedByApplications = aS.objectsWithRole( "is
realised by", "ApplicationComponent");

/*Loop through all the applications which are
associated to a data object and see which ones
are present in a viewx/

n=1;

counter=0;

while(n<=realisedByApplications.size()){

/*Check if that application is part of
that view and count*/
forall acInView in objectReferenceToView {
if (acInView.type() .toString()=="Application
component" &&
acInView.toString()==
realisedByApplications[n].toString()){
counter=counter+1;
}
}

n=n+1;
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if (counter>1){
/*I1f a service is realised by multiple applications,

mark the ones doing the same thing.
Use index to make sure that the app is counted only
oncex*/
forall elem in realisedByApplications {
indexFunctionality.add(elem, 1);

}

}
}

/*Get the number of the index size*/

numberOfFunctionalityOverlaps = indexFunctionality.size();

result = Structure();

result.add("object", p);
result.add("value" ,numberOfFunctionalityOverlaps) ;

output result;
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F.3 Counting Data Overlaps

viewOfPlateau="";
objectReferenceToView="";

number0fDatalverlaps=0;
forall "IMPlateau" p in modelpackage{
viewOfPlateau = p.attr("interlink").toString() .split(",")[2];

/*Checks if Plateau is assigned to a view and remembers the view */
forall "MM_Object" mm in modelpackage {
check=" "+mm.toString();
if (check==viewOfPlateau){
objectReferenceToView = mm;
X
}

/*In the view associated with a Plateau calculate how many apps are using the
same business object.x*/
indexData = Index ();
forall "ApplicationDataObject" d0 in model {

/*Check if the object in the model is part of the view. If it is
then perform a certain action
*/
forall elem in objectReferenceToView {
if (elem.type().toString()== "Data object"
&& d0.toString()== elem.toString()) {
/*Count how many applications are associated with a
business objact*/

associatedWithApplications = d0.objectsWithRole(
"associated with", "ApplicationComponent");

/*Loop through all the applications which are
associated to a data object and see which ones
are present in a view*/

n=1;

counter=0;

while(n<=associatedWithApplications.size()){

/*Check if that application is part of
that view and count*/
forall acInView in objectReferenceToView{
if (acInView.type () .toString()=="Application
component" &&
acInView.toString()==
associatedWithApplications[n].toString()){
counter=counter+1;
}
}

n=n+1;
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}

if (counter>1){
/*If a business object is used by multiple
applications, mark the ones doing the same thing.
Use index to make sure that the app is counted only
oncex*/
forall elem in associatedWithApplications {
indexData.add(elem, 1);
¥

}
}
/*Get the number of the index sizex*/
numberOfDataOverlaps = indexData.size();

result = Structure();
result.add("object", p);
result.add("value" ,numberOfDataOverlaps) ;
output result;
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