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Abstract. Architecture can be defined as the fundamental organization of a system
and the principles governing its design and evolution (IEEE 2000). While design
representation issues like meta-modeling and notations have been intensely dis-
cussed in Enterprise Architecture (EA), design activity issues are often neglected.
This is surprising because EA principles play an important role in practice. As a
contribution towards a consensus on a clear definition of EA principles, we ana-
lyze state-of-the-art on EA principle definitions. Our literature analysis is based on
the results of Stelzer’s (2009) broad literature review. Based on five selected ap-
proaches, seven common main components of EA principle definitions are identi-
fied: (1) An EA principle is based on business strategy and IT strategy; (2) EA de-
sign principles refer to the construction of an enterprise while requirements refer
to its function; (3) Principles can be attributed to different layers (e.g. business, in-
formation system, technology); (4) An EA principle is described in a principle
statement saying what to improve; (5) For each principle, a rationale is formulated
explaining why the principle is meant to help reaching a pre-defined goal; (6) For
each principle, concrete implications or key actions are described explaining how
to implement the principle; and (7) For every principle, it should be defined how
to determine its fulfillment.

1 Introduction

Architecture is defined as (1) “[t]he fundamental organization of a system embod-
ied in its components, their relationships to each other, and to the environment”,
and as (2) “the principles guiding its design and evolution” (IEEE 2000, p. 9). The
(1) fundamental organization of a system is often represented by models of the as-
is state or the to-be state of a system. For these purposes, meta-models,
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methods, and frameworks have been developed and extensively discussed in
literature (Schelp and Winter 2009; Schonherr 2009). However, (2) activities,
rules, and finally principles guiding an architecture’s design and evolution from
an as-is state into a to-be state are often neglected and thus are hardly covered in
literature. For the field of Enterprise Architecture (EA), Stelzer’s (2009) broad lit-
erature review identifies only six publications on EA design principles.

In practice, many companies’ architecture divisions formulate EA principles
and review the compliance of projects with respect to these principles (cf., for in-
stance, the architecture compliance review method proposed by The Open Group
(2009) in TOGAF 9). For this purpose, documentation and communication of EA
principles is essential. The fundament for such documentation is a clear definition
of the principle’s structure and of its relations to its environment, i.e. the
enterprise.

Our in-depth analysis of different notions of EA principles, from scientific as
well as from practitioner’s literature, reveal, that there is no consensus on a defini-
tion of the term EA principle. The aim of this research is therefore to analyze these
different notions of EA principles and to consolidate them to a common under-
standing. Thus, this paper aims at defining a construct which forms the vocabulary
of a domain (March and Smith 1995).

The paper is structured as follows: Firstly, a case study shows the relevance of
EA principles in practice. Secondly, different notions of EA principles are
analyzed. Thirdly, these notions are discussed and consolidated to a common
understanding. The paper closes with an outlook.

2 Relevance of EA Principles in Practice

In order to show the relevance of EA principles in practice, we analyze a case of
European Transportation Company (ETC)".

2.1 The Case of European Transportation Company (ETC)

The aim of our case study is to understand the relevance of EA principles in prac-
tice. In accordance with Yin (2003, pp. 85-97), it is based on different data
sources: an analysis of internal ETC documents and a focus group workshop with
an ETC representative in order to gather additional information and to ensure the
elimination of misunderstandings.

The EA division of ETC’s information technology (IT) department defines
several architecture design principles. Before such principles were defined, most
architectural decisions had been taken ad-hoc. As a consequence, (1) architecture
decisions of different projects were inconsistent and (2) architecture decisions
were often intensively discussed, took a long time, and bound many resources.

1 .
The company is made anonymous.
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In order to overcome these shortcomings, ETC has defined a set of architecture
principles. These principles are formulated such that they correspond to corporate
strategy decisions. By means of concrete guidelines, the principles are refined.
Both principles and guidelines are intended to guide architectural decisions in
projects (Fig. 1).
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Fig. 1 Definition of EA principles at ETC
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Fig. 2 EA principle establishment process
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Every ETC employee is allowed to propose an architectural principle or a guideline.
An architectural board elaborates theses proposals, declares proposals to be valid prin-
ciples, and revises them, based upon the experience and feedback in projects. If a prin-
ciple does not lead to the desired effects, it is revoked by the architectural board
(Fig. 2).

All principles are available in the company’s intranet and all projects are obliged to
respect them when taking an architecture decision. Projects at ETC are based upon the
waterfall model and are structured in six phases. After each phase, projects must pass a
quality gate. In each of these quality gates, the quality gate committee evaluates
whether the principles and guidelines are respected.

2.2 Case Study Analysis

The case of ETC reveals two main processes in which EA principles play an im-
portant role: The establishment and revocation of principles (P 1) and the
application of principles in projects (P 2).

In P 1, EA principles are proposed, elaborated, declared, revised, and revoked
(Fig. 2). At ETC, this process mainly aims at avoiding inconsistencies (cf. also
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Zachman 1987; Sowa and Zachman 1992; Hoogervorst 2004; Ross et al. 2006;
The Open Group 2009) and reducing unnecessary discussions on architecture de-
cisions in projects. Other goals can be to improve integration, to enable change,
and to provide agility (Hoogervorst 2004, pp. 216-217). Architecture principles
are part of IT governance and should be linked to corporate strategy (Weill and
Ross 2004, pp. 25-55; Broadbent and Kitzis 2005). In the process described above,
principles are not only declared, but also improved and revoked. In order to decide
on the effectiveness of a principle, its success should be measured. Moreover, a
link to IT strategy and business strategy is essential.

In P 2, EA principles are applied in projects. For this process, two use cases can
be differentiated: In the first use case (P 2.1), principles are used in projects in or-
der to harmonize and accelerate architectural decision processes. To this end,
principles should be formulated clearly: they should be mutually consistent and
coherent, verifiable, unambiguous, and traceable to areas of concern deemed rele-
vant for the enterprise (Lindstrom 2006; Hoogervorst 2009, p. 144)*. In the second
use case (P 2.2), a project’s compliance to EA principles is reviewed. In such re-
views, the fulfillment of architecture principles is to be determined. To this end,
principles should be defined such that the projects’ compliance can be easily
determined or can ideally be objectively measured.

Table 1 Processes

Nr. Process/Use Case Stakeholder(s)

P1 Establishment and revo- CIO, CEO: principles are meant to sustainably support IT and
cation of EA principles corporate strategy

P2.1 Support projects project manager, project team

P22 Review projects EA department

3 Analysis of the Use of “EA Principle” in Scientific Literature

After having shown the importance of EA principles, we analyze scientific litera-
ture in order to develop a consolidated understanding of what an EA principle is.
This section is structured as follows: Firstly, we describe the methodical founda-
tion of our literature analysis. Thereafter, we analyze six approaches with respect
to their understanding of EA principles. In the forth section of this paper, we
finally consolidate the approaches into a definition of “EA principle”.

* Lindstrom (2006) adapts guidelines for software requirement specifications (IEEE 1998) to EA.
These guidelines are divided into guidelines referring to syntax and guidelines referring to
semantics. We only mentioned Lindstrom’s guidelines for syntax. Moreover, we left out the
syntactical guideline “modifiability” as we attribute it to process P 1.
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3.1 Method

We aim at analyzing the use of EA principles. The selection of the papers
analyzed is based on Stelzer’s (2009) rigorous literature review.’ In result, Stelzer
identifies eleven articles on EA principles. He (2009, p. 23) differentiates EA
design principles from EA representation principles. EA design principles refer to
the design of EA while EA representation principles refer to its representation.
Lindstrom (2006, p. 4) makes a similar distinction by differentiating between syn-
tactical (i.e. representation) and semantic (i.e. design) principles. Examples for
representation (or syntactical) principles are understandability, consistency, and

Table 2 EA design principles according to Stelzer (2009, tables 1 and 2)

Ref. Year Method  Principle definition

(Richardson 1990 case study “Principles are an organization’s basic philosophies that guide

et al. 1990) the development of the architecture. ... Principles provide guide-
lines and rationales for the constant examination and re-
evaluation of technology plans.” (p. 389)

(Armour et 1999 conceptual “... simple, direct statements of how an enterprise wants to use

al. 1999) IT. These statements establish a context for architecture design
decisions by translating business criteria into language and speci-
fications that technology managers can understand and use. Ar-
chitecture principles put boundaries around decisions about sys-
tem architecture.” (p. 38)

(Hoogervorst2004 conceptual “collectively the design principles are identified as enterprise ar-

2004) chitecture” (p. 217)

(Chenand 2004 conceptual “Architecting principles are rules to use when elaborating enter-
Lillehagen prise architectures.” (p. 1214)

2004)

(Wilkinson 2006 case study no explicit definition

2006)

(Lindstrom 2006 case study ‘“Architectural principles define the underlying general rules and
2006) guidelines for the use and deployment of all IT resources and as-

sets across the enterprise ...” (p. 2)

? Stelzer (2009) selects relevant literature by applying Weber and Watson’s (2002) guidelines:
Firstly, IS journals and conference proceedings are analyzed using the search term: “enterprise
architecture” AND (“principle” OR “design” OR “rule” OR “guideline”) Secondly, Stelzer
extends his research to further sources and ensures that all top 20 IS journals and the top IS
conferences (e.g., ICIS, AMCIS, ECIS, HICCS, and Wirtschaftsinformatik) are included. In to-
tal, 42 relevant articles are identified. Thirdly, each of these articles is analyzed in detail. Based
upon this analysis, 27 articles are excluded. Fourthly, the citations of the remaining 15 articles
are analyzed; this way, four further articles are added. Fifthly, these 19 articles are analyzed in
detail. Articles from related research areas such as software engineering, organizational design,
and engineering are excluded. Principles for designing or evaluating architecture frameworks
and principles for service oriented architectures are excluded, too.
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“unambiguousity” (Lindstrom 2006; Stelzer 2009). As EA representation
principles are out of the focus of this publication, we exclude all papers that solely
refer to EA representation principles. The characteristics of the six remaining
articles that we analyze are summarized in Table 2.

3.2 Richardson et al. (1990)

Richardson et al. (1990) document EA principles which they have extracted from
a case study taken at Star Enterprise. The principles are attributed to different lay-
ers: organization, applications, data, and infrastructure. For each principle, Star
Enterprise documents (1) the principle itself, (2) a rationale explaining how the
principal is assumed to work, and (3) concrete implications. The structure of their
principle documentation is shown in Fig. 3.

Rationale —explains—+»| Principle [=refines— Implication

Fig. 3 Meta-model of EA principles according to Richardson et al. (1990)

3.3 Armour et al. (1999)

Armour et al. (1999) take a “big picture look at enterprise architectures” from a
practitioner’s perspective and mainly develop an EA framework.

For this framework, they propose five views: (1) a business view, (2) a work
view, (3) a function view, (4) an information view, and (5) an infrastructure view.
The framework “begins with a business vision—including the IT vision—which
determines IT goals and objectives. Together, the business and IT visions drive the
business view and architecture principles. [...] To provide the structure and guide-
lines for EITA* development, most frameworks will include a set of architectural
principles, architectural views, a technical reference model, and a standards pro-
file” (Armour et al. 1999, p. 37). Standards and technical reference model are
meant to “make sure everyone has a common understanding of function and term”
(Armour et al. 1999, figure 1). The meta-model of the principle definition by
Armour et al. is shown in Fig. 4.

 “EITA” is an abbreviation for “enterprise information technology architecture”.
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Fig. 4 Meta-model of EA principle according to Armour et al. (1999

3.4 Hoogervorst (2004)

Hoogervorst (2004, 2009) understands architecture solely as a prescriptive concept
comprising “a set of design principles and standards that guide design”
(Hoogervorst 2004, p. 215). In accordance with Dietz (2007, p. XII), Hoogervorst
argues that architecture normatively restricts design freedom. For Hoogervorst
(2004, 2009) and Dietz (2007), EA is hence limited to the second part of the archi-
tecture definition by IEEE Std. 1471-2000 (IEEE 2000), i.e. principles governing
the architecture’s design and evolution; they explicitly exclude its first part, i.e.
representations of “the fundamental organization of a system”. Hoogervorst’s
understanding of EA principles is shown in Fig. 5.

Also in accordance with Dietz (2006, 2007), Hoogervorst (2004, 2009) differ-
entiates between a functional view and a constructional view on an enterprise.
Whilst the functional view (teleological view, black box view) deals with the pur-
pose or goal of a system, the constructional view (ontological view, white box
view) is about how the system’s functions are brought to life (Dietz 2006). For
Hoogervorst (2004), design principles refer to the constructional view. In contrast,
requirements refer to the functional view on a system (Hoogervorst 2009,
pp. 137-138).

> The double-arrows ,,€<~>* are meant to indicate an interdependency between the two
entities concerned.
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Fig. S Meta-model of EA principle according to Hoogervorst (2004, 2009)

Hoogervorst (2004) differentiates between four types of architecture: (1) business
architecture, (2) organizational architecture, (3) information architecture, and (4)
technology architecture. For each type, he proposes an architecture framework
highlighting the main areas of the respective architecture type.® Each of these ar-
chitecture types contains “a logically consistent and coherent set of principles and
standards that guide” (Hoogervorst 2004, pp. 218, 222, 226)

e “how a particular field of (commercial) endeavor will be exploited and ex-
plored” (Hoogervorst 2004, p. 218) (business architecture),

e “how the purposeful activities are to be organized” (Hoogervorst 2004, p. 222)
(organization architecture), and

e “how information is to be managed” (Hoogervorst 2004, p. 226) (information
architecture).

Besides the principle statement, Hoogervorst (2009) claims for documenting its
rationale(s), its implication(s) and its key action(s). “The rationale says why the
principle is defined. The implication states how relevant system stake holders are

® For instance, the business architecture comprises principles concerning the enterprise’s
mission, its strategy, its market, its competitors, its product services, its key resources, its
operating method(s), its economic and revenue model, its customers, its stakeholders, and
its environment (Hoogervorst 2004, figure 3).
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affected by the principle. The definition of key actions for effectuating the
architecture follows from the fact that not all architecture principles can be ap-
plied immediately, but can only be used under certain conditions. The key actions
ensure these conditions, such that the architecture principles can be followed”
(Hoogervorst 2009, p. 140).

3.5 Chen and Lillehagen (2004)

Chen and Lillehagen (2004) review literature and reveal the different authors’ un-
derstanding of architecture and architecture principles in particular. Their litera-
ture review is mostly based upon practitioner sources like homepages of consul-
tancy companies. Chen and Lillehagen differentiate between ,generic* EA
principles, i.e. principles that ,apply to all enterprises” (Chen and Lillehagen
2004, p. 1214), and specific principles “reflecting a level of consensus among the
various elements of a particular enterprise, and form[ing] the basis for making fu-
ture decisions” (Chen and Lillehagen 2004, p. 1214). They point out that EA prin-
ciples are meant to facilitate architecture decisions.

Chen and Lillehagen (2004) do not explicate a clear definition of components
of EA principle. We therefore cannot construct a meta-model from this particular
source.

3.6 Wilkinson (2006)

Wilkinson has been Chief Technology Officer at Hewlett Packard (HP) and re-
ports on his experiences at HP. For him, it is important for enterprises (1) to un-
derstand what and how IT is being used and to get control of existing IT assets
(stability), (2) to leverage best practice and automation of aspects of IT processes
(efficiency), and (3) to align IT governance and business strategy such that IT can
rapidly react on business changes (agility). According to Wilkinson (2006), archi-
tecture principles and IT governance are a means for realizing an adaptive enter-
prise. In an ideal world, IT governance and IT strategy are connected to corporate
strategy. Different frameworks such as ITIL, ITSM, or COBIT help implementing
IT governance.

He names two main areas for implementing an adaptive enterprise: IT organiza-
tion and technology. IT organization (1) should focus on innovation in order to
support business and (2) should be optimized in order to save costs. A project
management office can help realizing these goals by assuring the conformity of
projects to corporate strategy. On the technology layer, an adaptive infrastructure
should be aimed at.

Fig. 6 Meta-model of EA principle according to Wilkinson (2006)
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Wilkinson describes some EA principles at HP although he does not explicitly
call them “principle”: modularity, simplification, integration, and standardization.
He does not explicate a definition of what a principle is and what it is composed
of. Nevertheless, we tried to reconstruct Wilkinson’s notion of EA principle in the
meta-model shown in Fig. 6.

3.7 Lindstrom (2006)

Lindstrom (2006) reviews literature on EA principles. “Principles respresents
[sic!] a shared understanding on what needs to happen if the organization is to
successfully excecute the strategies” (Lindstrom 2006, p. 2). For Lindstrém, archi-
tectural principles are important for the transition of today’s architecture to the de-
sired goal architecture. This transition is driven by business strategy and business
principles. Architectural principles are a tool for supporting this transition process.
Therein, “architectural principles can justify architecture activities by showing the
rationale for the investment” (Lindstrom 2006, p. 2).

Referring to Broadbent and Kitzis (2005), Lindstrom (2006) states that IT strat-
egy is based on IT governance, that IT governance is based on architectural prin-
ciples, that architectural principles are based on business principles, and that busi-
ness principles are based on business strategy. Business strategy “tells us how an
organization is going to compete in a chosen market” (Lindstrom 2006, p. 2).

She mainly describes an architectural review of EA principles at Vattenfall in a
case study. For this purpose, she defines syntactical and semantic ‘“characteristics
of good principles.” As syntactical quality criteria, she names consistency, verifi-
ability, unambiguousity, and modifiability; as semantic quality criteria she names
stability, verifiability, modifiability, correctness, and completeness.

Table 3 Components of EA principle according to Lindstrom (2006)

Name Definition Example
Statement What to improve IT system’s fit to business
Motivation Why this is important Increase the effectiveness in the busi-

ness organization

Implication =~ What must be done and when, and who is Investigate the influence on the busi-

responsible ness processes. The project manager is
responsible.
Measure How the fulfillment of the principles is  Time to perform a business process
measured.

Moreover, she recommends a syntax for architectural principles which is sum-
marized in Table 3. In Fig. 7, her notion of EA principle is shown as a
meta-model.
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Fig. 7 Meta-model of EA principle according to Lindstrom (2006)

4 Summary, Discussion, and Outlook

Based upon Stelzer’s (2009) literature review results, we have analyzed the defini-
tion of EA principle in six publications. Apart from Chen andb Lillehagen (2004),
all analyzed articles allow for reconstructing their EA definition in a meta-model.
The analysis shows that some notions of EA principles are shared by many
authors:

An EA principle is based on business strategy and IT strategy (Armour et al.
1999; Lindstrom 2006; Wilkinson 2006). Some (e.g., Wilkinson 2006) say that
it is part of the IT governance, which is also based on IT strategy.

EA design principles refer to the construction of an enterprise while require-
ments refer to its function (Hoogervorst 2004; Dietz 2007; Hoogervorst 2009).
Principles can be attributed to different layers (Armour et al. 1999; Hooger-
vorst 2004, 2009) (for layers of EA cf. also Winter and Fischer (2007)). Most
authors differentiate between business layers (e.g., strategy, organization), in-
formation systems layers (e.g. applications), and technical layers (e.g. data,
software, information technology infrastructure).

An EA principle is described in a principle statement saying what to improve
(Richardson et al. 1990; Armour et al. 1999; Hoogervorst 2004; Wilkinson
2006; Hoogervorst 2009).

For each principle, a rationale is formulated explaining why the principle is
meant to help reaching a predefined goal (Richardson et al. 1990; Armour et al.
1999; Hoogervorst 2004; Wilkinson 2006; Hoogervorst 2009).

For each principle, concrete implications or key actions are described explain-
ing how to implement the principle (Richardson et al. 1990; Armour et al.
1999; Hoogervorst 2004; Wilkinson 2006; Hoogervorst 2009).

Measurement is a key issue of EA principles. For every principle, it should be
defined how to determine its fulfillment (Wilkinson 2006).
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Our case study has shown the importance of EA principles in practice. In the case
study, we have identified two processes in which EA principles play an important
role: The process of finding, establishing, and revoking EA principles and the
process using EA principles in practice.

In further research, we aim at comparing existing definitions of EA principle
with the requirements we define in the case study. Using a design research proc-
ess, we aim at reconstructing the EA principle definition which fulfils these re-
quirements and is therefore useful for practice.
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