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A Perceived Architecture Description Development Process

INTRODUCTION:Organisations grow beyond solely describing the current state of the architecture to just IT stakeholders.
Although many works exist on architectural description development, many works reason from a purely theoretical
perspective. In this theoretical process, one elicits concerns from a stakeholder about their system of interest. Subsequently,
one frames these concerns in viewpoints and models the viewpoints through a set of views. The sum of all views about a
system is its architecture description. However, empirically observed and reported architectural development processes
using views and viewpoints remains scarce. There is a gap in the literature regarding implementation and empirical
development processes of enterprise architecture descriptions. In this research, we fill this gap with a case study in which
we follow the architectural development cycle of a reference architecture description within the educational sector..

OBJECTIVES: This study has two main objectives. First and foremost is to describe an observed enterprise architecture
description development process and compare this development process to the theory. Secondly, is to add a real-world case
for enterprise architecture development to the literature.

METHODS: This study was an observational detailed single case study with participation by the researcher in the public
sector. This study is further supported by interviews, questionnaires and project’s documents analysis. Furthermore, the
single case study takes place in the Dutch education sector. In order to compare to said theory, first, this theory must be
stated. Consequently, the best practices and theoretical approaches to enterprise architecture description development
are stated. Additional reference points are given by comparing the results to existing empirical studies into enterprise
architecture description development.

RESULTS: The process described is about a knowledge-diverse project team of eighteen people who created a new
enterprise reference architecture description for the Dutch vocational education. The observed development project can
be divided into four phases: the conception phase, the initiation phase, the development phase, and the governance
phase. In the conception phase, they create a project initiation document in which project principles, budget, goals and
organisation is established. After which, a project framework is created in the initiation phase. The development phase
starts with gathering information and the distillation of the information into architectural building blocks. Subsequently,
two development iterations can be distinguished within the development phase: creating main viewpoints and views and
creating stakeholder group-specific viewpoints and views. Main viewpoints and views are created through iterative cycles
of analysis, sketch, description formalisation and acceptance testing. We find that the used development iteration for
creating main viewpoints and views bears a resemblance to the process proposed by the open group in TOGAF and, to a
lesser extent, the development method described by DODAF. Additionally, we find both discrepancies and conformations
of general best practices and additional lessons learned using the case study.

CONCLUSION: An empirical enterprise architecture development process is added to the literature, which bears a
resemblance to TOGAF. This development processes used a project-specific framework based on existing enterprise
frameworks and the industry. Moreover, it shows the benefit of creating an enterprise architecture description in the
public sector by using other public organisations as information sources. Consequently, their own development time is
minimalised.
The process is characterised by freedom for the working groups and management by exception nature and a pragmatic
approach. This pragmatic approach is contrary to many theoretical approaches, which requires intensive documentation
and commitment to formalities. This observed process also suggests the usefulness of a diverse team in terms of knowledge
fields and business or ICT affiliation, bearing in mind the common ground requirement. Additionally, it also shows that an
architectural development description can be achieved with an agile mindset.

CCS Concepts: • Applied computing ! Enterprise architectures; Enterprise architecture frameworks;
Enterprise architecture management ; Business-IT alignment .

Additional Key Words and Phrases: Enterprise Architecture, Architectural Viewpoints and Views, Architecture
Description Development, Empirical Process
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1 Introduction

Architecture is the inherent fundamental organisation of a system o�en described, managed, and
maintained by the process of architecting. Additionally, architecture is used to refer to the discipline
responsible for executing the architecting process [9] [ 32] [ 43]. Organisations increasingly invest in
the maturity of their architecting [60], such that the organisation grows beyond solely describing
the current state of the architecture to just IT stakeholders [57] [ 81]. This investment is made on
the promise, that this would lead to be�er IT-&-business alignment [21] [ 30] [ 87], create a shared
context for corporate decision making [13] [ 50] [ 6], improved performance [43], a possibility to
identify weaknesses [57] [ 17] and a way to optimise resource allocation [57] [ 21]. Other benefits
include improved management of fragmented enterprises, creating a reliable infrastructure [6],
helping change management, and aid strategic planning [57] [ 6] [ 21]. However, a mere five per cent
will see the fruits of their investment, as organisations trip over the many hurdles and challenges
in the architecting process [33]. To help guide them in this process, organisations o�en use the
best practice of selecting an architectural framework, method or standard. [4]

Many di�erent architectural frameworks and methods exist, such as TOGAF [66], DYA [16], GEA
[82], NATO�AFv4 [10] and doDAF [59], to name a few. Today, most organisations use a mix of
several architectural frameworks and methods [26]. To clarify an architectural framework is a
structure, conventions and best practices for architecting [51]. Moreover, a framework delivers
an initial setup for architectural descriptions established within a specific business domain or
stakeholder community [26]. On the other hand, one defines architectural methods as 'a structured
collection of techniques & process steps for creating and maintaining architecture products and
processes [49]. While each framework is di�erent overall, most share the same core, wherein one
recognises stakeholders, systems of interest, viewpoints and views [32] [ 58]. Stakeholders are
persons who have an interest in a system, making it a system of interest. Concerns are made up of
the stakeholders' interests. These concerns can be requirements, goals, assumptions, expectations
or key performance indicators. Furthermore, the viewpoint frames the concerns in the architectural
description. The viewpoints govern one or more views, which form the architectural description
with architecture description elements, relations and pa�erns [32].

In the same way to frameworks, most iterative methods are not the same but share a common
denominator. In this common denominator, one begins with the definition of the problem statement,
the identification of the stakeholders and their concerns, the identification of possible solutions,
the identification & creation of viewpoints, followed by the development of the views and models,
acceptance testing and the implementation of governance & architecture change management
[10].

Although there are shared aspects in the various frameworks and methods, the implementation
and the connection between these aspects di�er. In the scientific field, the same applies, although
many works use the term view or viewpoint, the used working definition di�ers from one work to
the other. A possible explanation is that enterprise architecture is a young field that mostly builds
upon best practices, rather than a complete scientific underpinning [77]. As a result, there are
several issues in science related to enterprise architecture, such as the aforementioned language
confusion and the lack of empirical research topics [81] [21] [74] [85].
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Literature works on frameworks, methods, and the adoption of enterprise architecture (EA) are
plentiful; however, there is an empirical gap in literature where an EA development process is
observed and reported [21] [ 81]. Moreover, literature analysis suggests that most EA research
focuses on the modelling, while EA processes are underrepresented. There are five architecture
processes to be distinguished, the enabling processes, the governance process, the management
process, the evaluation process and the description process [10]. In the la�er, the architectural
description is developed amongst other activities. The practical application of the architectural
development process is seldom reported in the scientific literature [7] [21] [74] [85].

To form a be�er view of the architecture description development process, the question is raised:
�How is EA developed in practice? �. However, there is reason to believe that the public sector's
enterprise architecture processes are substantially di�erent from the private sector and should
be researched separately [21]. The public sector institutions know li�le to no competition, strife
towards the same goal (the be�erment of its citizens) and share knowledge across public institutions
freely and willingly for the sake of this goal [53]. This cooperation and knowledge sharing influences
the EA processes. This free sharing of knowledge is seldom found in a highly competitive field,
where knowledge is o�en a competitive advantage [20]. Furthermore, public sector institutions are
di�erently structured than their private sector counterparts [17]. As a result, the research question
becomes:

�How is EA developed in practice in the public sector? �

This paper investigates the problem statement in the Dutch educational sector by conducting a
case study with participation and relates the found empirical process to the theory. The education
sector is a domain within the public sector, which shares the same properties as stated earlier.
First, it actively shares information on enterprise architecture through public publication. Secondly,
it shares a collective goal, namely educating the people. Lastly, the organisation is di�erently
structured, having more external relations, such as the school inspection, the government, the
ministry of education & culture, and other educational institutions.

This research helps fill the gap between theory and practice and the underrepresentation of EA
development processes in scientific literature by participating in a real�world case. By doing so,
theoretical works can improve their practicality; others can use the lessons learned to improve
their own EA development process; and a new case is introduced, which can be used in future
works.

(1) How are the stakeholders identified?
(2) How does one elicit the concerns from the identified stakeholders?
(3) How are the viewpoints used?
(4) How are the views created?

The exploratory research investigates architectural description development in a real�world se�ing
by reporting on the process undertaken in an architecture development project. First, a theoretical
framework is created to define concepts, commonly used methodologies & frameworks, and what
has already been found in relevant empirical research. Subsequently, a case study is introduced,
described, and its process is reported. The findings are then compared to existing literature, followed
up by a conclusion and discussion.
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2 Theoretical framework

In this section, we explain the theoretical ground of this research. Recall that several frameworks,
methods, and standards describe and aid the EA development cycle. Either by assisting in modelling
the EA or the EA development process. In this research, only a few are named, TOGAF [66], NATO�
AFv4 [10], doDAF [59] and ISO 42010�42030 [2]. Note that the ISO standards are not mentioned
separately, since NATO�AFv4 has adopted the ISO standards. First, some concepts are defined
about architecting.

2.1 ENTERPRISE ARCHITECTURE AND ARCHITECTURAL DESCRIPTIONS

Enterprise architecture is the enterprise's long�term vision, structure, methods, activities or
motivations revolving around the enterprise architectural descriptions, such as its governance,
maintenance and development [73] [ 81]. An architectural description (AD) is the description of
architecture in the past, present or future employing one or more models within a set of views.
Each model consists out of two or more architectural description elements, which have relations
and correspondence which each other [32]. Hilliard, states that � "̀ is a model of( if " can be
used to answer questions about( .� Additionally, a model kind describes the conventions for a type
of modelling.

One of the benefits of enterprise architecture includes its scale since it describes the entire enter-
prise. As a result, the EA functions as a shared reference and perspective, improving communication
and decision making between di�erent parties within the enterprise. Furthermore, EA is a starting
point for architecting specific enterprise portions, reducing individual projects' starting costs when
working under architecture [13].

Note that the ontology and taxonomy within the discipline of architecture have no final consensus
and many di�erent definitions exist for the various concepts within architecture [81]. For example,
Lankhorst [49] uses the following definition for EA: 'a coherent whole of principles, methods, and
models that are used in the design and realisation of an enterprise's Organisational structure,
business processes, information systems, and infrastructure', while Armour [43] distinguishes
between EA, as the architectural description with a vision, and enterprise architecting, as the
methods, processes, tools and structures needed to design and realise EA. Moreover, armour notices
that EA architecting should begin by stating clear definitions used within the enterprise to prevent
language confusion [13]. In this research, most definitions regarding ontology and taxonomy are
lent from ISO�42010[2].

STAKEHOLDERS, CONCERNS AND VIEWPOINTSStakeholders are groups, individuals or an or-
ganisation, with an interest in a specific system [32]. Note that a system can be many things such
as processes, organisations, information systems, data or infrastructure. A stakeholder's interest
in a system is defined by a non-empty set of concerns, where one or more stakeholders may
share the same concern. These stakeholders' concerns will influence the architectural descriptions
throughout its life cycle, and such a concern can take di�erent forms. It could be but is not limited
to, a system requirement, a user story, a goal or an expectation. How these concerns are framed,
communicated, and related to other descriptions, is defined in the viewpoint. The view, on the
other hand, is the set of models of a single viewpoint. Note that stakeholders are diverse. Therefore,
the same set of concerns may be answered with a diverse group of views. We refer to this as
architectural interchange [29] [55].
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VIEWS AND VIEWPOINTSA viewpoint is a product establishing conventions for construction, use
and interpretation of views to frame specific concerns. [32] [ 26] Moreover, the definition states
that a viewpoint defines a model kind, frames concerns and their corresponding stakeholders, the
information sources used and how the view should be interpreted. Note that some extend the
viewpoint by actively documenting the correspondence and correspondence rules [31]. A viewpoint
thus prescribes a view of a system of interest. A view, on the other hand, is the implementation of
the viewpoint. It expresses the architecture of a system through architectural models. The plural
is chosen deliberately, as one view is a set of one or more models pertaining to one and only
one viewpoint [26], contrary to some existing works on the discipline of enterprise architecture,
which state that a view comprises a single model [41]. The language with which the enterprise
description is modelled is called an architecture description language (ADL). Furthermore, an ADL
can be a formal language, such as Archimate3.0 or UML, or an enterprise's informal language [49].

It did not take long before one had the idea of interchangeable viewpoints, or rather object�
orientated viewpoints, such as Kruchten4 ¸ 1. That is modular viewpoints, viewpoints which can
be used independently of its context. Imagine an information system landscape as in a typical
organisation A, how many information systems has A in common with the next organisation
B? There are quite a few common systems in practice, which have the same purpose and the
same type of users. Therefore, one could also have a set of interchangeable, reusable viewpoints.
These modular viewpoints, one could use across industry domains. On the other hand, more
industry�specific viewpoints could be added to a modular viewpoint library for use within that
particular domain. Hilliard comments, that one would then expect organisations to create a formal
syntax and language to describe modular viewpoints and share them as a best practice. [26]

In the previous standard (IEEE1447), the architectural description deals with known stakeholders
and concerns on the inherent architecture of a system of interest. Whereas, the architectural frame-
work would work on the assumption that stakeholders are unknown, and by extension, concerns
and viewpoints. In the new standard (IEEE/ISO42010), which replaces IEEE1447, viewpoints are the
main component. However, this is not something genuinely new since the architectural framework
developer would already implicitly do this. When developing an architectural framework, the devel-
oper thinks about people, or rather stakeholders, who want to achieve and understand something
about a given system and tries to codify the substantial elements into the framework [26]. Rather
than keeping this knowledge intangible, one should make it explicit, such that it actively adds to
the architectural knowledge captured within an organisation. Even more valuable is when such
knowledge could be open source, shared as a best practice as stated in the previous paragraph, this
possible because these are modular viewpoints. The modular viewpoints can transcend a single
organisation to an industry domain, or even cross�domain [31].

Additionally, some viewpoint domains occur in most frameworks and literature, which work inde-
pendently of the manufacturer. Some refer to these domains as classes or vantage points [13] [ 43].
Although the individual names o�en di�er, due to lack of consensus within the field, the contents
of these viewpoints do not. However, due to the abstract nature of known frameworks, concerns
and stakeholders are not mentioned. For the sake of simplicity, we refer to these viewpoints as
main or primary viewpoints. The following main viewpoints can be distinguished and are imaged
in figure 1:
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Fig. 1. Primary viewpoints visualised

� Strategy: gives insight into the why question, as it states the Organisation's strategic direction
and vision, constrained to the impact on architecture. This domain influences all other
domains. Moreover, think of objectives, goals, strategies, requirements, constraints and
rationales. Note some further divide this strategy domain, with a separate motivation
domain containing the needs, concerns, stakeholders and explanations. Some frameworks
also acknowledge the existence of a separate capability viewpoint.

� Business: a functional view on the use of the process, their logical dependencies & pa�erns.
This domain answers how the enterprises set out to fulfil the why question in the strategy
domain.

� Application: a functional view of the use of information systems and automation. This
domains answers how the business is supported

� Information: which information system/data is needed to operate, what is shared, and its
relation to the functional views.

� Infrastructure: how are the information and application domains supported. The hardware
and technical infrastructure support this.

� People/ Work: who is responsible for what. It describes which actors are responsible for
which behaviour or structure, such as processes, capabilities, data objects, applications, or
networks. Furthermore, it allocates organisational components to the locations & actors;
how they operate & communicate and divide behaviour or structure into workable segments.
The organisational structure supports this viewpoint.

The primary focus of these viewpoint domains and EA, in general, is to present an integrated
picture of the business, work, functionality and IT through a set of views serving as a baseline for
the as�is and to�be architecture descriptions. These viewpoints provide principles, documentation
and reference models to guide future architectural developments, as well. Furthermore, using the
idea from Ryoo & Saiedian [76], one can use primary viewpoints to classify and extent viewpoints,
through the use of hierarchical relations, an example is given in figure 2.
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Application
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Fig. 2. Example of hierarchy relations with primary viewpoint application to classify and extent viewpoints.

CORRESPONDENCE AND CORRESPONDENCE RULESEach model's traceability and consistency
within one view are ensured by correspondence on architectural description's elements. In com-
parison, correspondence rules ensure the traceability and consistency of views [26] [ 32]. Other
literary works refer to this as architecture integration [9].

A set of the correspondence consists out of pa�erns, standards and rules, which relate two or more
individual architecture description elements to each other within a view. [26] [ 32] An example is a
meta�model or that a business function should relate only to business processes, such that no
business function has any direct relation to an application service. While the correspondence is
within views, correspondence rules transcend the view plane and exist in the plain of viewpoints.
They describe how AD�elements should relate across all or most architectural descriptions, which
has the side e�ect of specifying relations between viewpoints at the same time [26] [32].

Good consistency between viewpoints, views and architecture descriptions elements is necessary
to make enterprise architecture useable. For example, mapping the application functionalities
directly to which processes are supported by that functionality, is necessary to create a notion of
impact. For example, when a particular application is migrated [13].

ARCHITECTURAL DECISIONS AND RATIONALESArchitectural decisions are defined in this paper
as decisions, assumptions, constraints and other elements that have significantly impacted the
creation and design of an architectural description. The architectural decision can be decomposed
in the actual decision, pertaining to a specific set of concerns, and a decision rationale, giving
reasons why it has been made. These decisions a�ect how an architectural description is made, and
o�en these decisions are not well documented [31]. As a result, this knowledge merely resides in
the minds of the architects. Kruchten et al. [48] refer to these decisions as architectural knowledge
since they will determine the architectural description's design and visualisation. Documenting
this intangible knowledge yields significant benefits. First, there is no need to reverse engineer
architectural descriptions, the so�called architecture�recovering process, to uncover why the archi-
tectural descriptions are as they are today. Secondly, the architectural descriptions' maintenance
over time is more straightforward, as discussions need to be waged only once, and there is no need
to reverse engineer the descriptions. The documentation of architectural knowledge also benefits
the detection of wrong decisions or to teach other architects. Furthermore, explicit knowledge can
be reused in new projects, can help architectural conformance and can be used to communicate
more clearly. Finally, it also opens the possibility of peer reviewing and makes sure that new
architects know why architectural descriptions are designed as they are, even when the old guard
of architects have le�. [48] [32] [31]
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ARCHITECTURAL KNOWLEDGEThe capture of architectural knowledge through codification,
such as viewpoints, has its implications. First is the increased costs, capturing means codifying,
which costs time and resources. However, this is a short�term investment, as to the long�term
costs are saved [40]. By having architectural knowledge well documented and easily accessible
[15], one creates opportunities such as evaluation, durability, automation and increased under-
standing. Regarding evaluation, by having architectural knowledge explicit, one can evaluate made
decisions, use rationales, and correspond to architectural descriptions to uncover risks or identify
sub�optimal choices. Consequently, one can take adherent action [56].

Moreover, durability and increased understanding reduce costs, since one uses modular viewpoints,
which means that viewpoints are reusable [26] [ 48]. Consequently, the cost of creating a viewpoint
is not repeated, at best small incremental improvements are made.

A stated earlier one could also start automating architecture. Automation examples include auto-
matically generated documentation [56] or automated analysis tests in tandem with the architec-
tural description. Think of analysis on syntax errors, quantitative (performance) tests, functional
(static/dynamic) analysis, risk analysis, portfolio analysis or a capability analysis [49]. Do note that
automation relies on the assumption that the codified technique relies on a well�defined syntax.

Furthermore, the architectural process is sped up since modules are plug and play. Secondly, the
increased understanding means new employees, and by extension, new architects, know which
decisions were made, why they were made and which consequences they have had. Consequently,
one does not need to reinvent the wheel when an architect leaves the organisation. It would reduce
maintenance costs of architectural descriptions as well; for example, one does not need to reverse
engineer to uncover why a particular design decision was made. Do note that some have argued
that this type of working is incompatible with the agile mindset. However, there have been a
lightweight knowledge mechanism proposed, which are claimed to be compatible [15] [51].

Fig. 3. NATO�AF visualisation of architectural motivation.[10]
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ARCHITECTURAL PRINCIPLES AND MOTIVATIONSThe principles are direct statements giving
context to the organisation by defining constraints [13] [ 12]. Another way of saying this is that
principles are structured ideas that define the organisational context and guide the enterprise to
fulfil its mission. TOGAF distinguishes two kinds of principles, enterprise principles, which provide
a basis for decision making, and architecture principles, which are principles related to architecting
and architectural products [69]. Every principle has implications for the organisation. Hence, it is
common to describe some implications for each stated principle since this gives a be�er idea of
how principles a�ect the business [13].

Where principles actively guide the architectural process, motivation data are the underlying
reasons for starting with architecting. These reasons shape the architecting process's initialisation,
orientation, and products and are o�en strongly correlated to stakeholders' concerns [10]. Examples
are a cooperate strategy, external drivers, policies, engineering processes or business developments.
Moreover, figure 3, omi�ed from the NATO�AF, gives a graphical representation of motivational
data.

As a summary, in figure 4, the relation between the ontology as used in this paper is represented.

Fig. 4. Ontology
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