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Abstract. This paper presents a literature review on enterprise architecture
principles. The results show that there are various gaps in the research litera-
ture: No accepted definition of enterprise architecture principles has emerged
yet. A detailed conceptual framework is still lacking. Business principles, IT
principles and enterprise architecture principles are often mixed up. Research
into generic design principles is still in its infancy. Our review illustrates the
necessity to conduct more research on enterprise architecture principles. We de-
scribe conceptual foundations and provide guidance for further research in this
field.
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1 Introduction

The term architecture is defined as the “fundamental organization of a system embod-
ied in its components, their relationships to each other, and to the environment, and
the principles guiding its design and evolution” [1], [2]. Accordingly, we define en-
terprise architecture as the fundamental organization of an enterprise embodied in its
components, their relationships to each other, and to the environment, and the princi-
ples guiding its design and evolution.

According to the Oxford Dictionary of English a principle — among other explana-
tions — is (1) a fundamental truth or proposition serving as the foundation for belief or
action, (2) a rule or belief governing one’s personal behaviour, (3) a general scientific
theorem or natural law, (4) a fundamental source or basis of something.

In the context of enterprise architecture, however, “a precise definition of the con-
cept of principles as well as the mechanisms and procedures needed to turn them into
an effective regulatory means still lacks” (p. 49) as van Bommel et al. point out [3].
As a matter of fact, when conducting an initial examination of publications on enter-
prise architecture principles we found various interpretations of the concept. Some
authors take individual views leading to inconsistencies in research findings.

Compared to the literature on enterprise architecture in general, the number of publi-
cations on enterprise architecture principles is limited. This is surprising as various
authors [4], [5], [6], [7], [8], [9] reckon architecture principles as pivotal elements of
enterprise architectures. Hoogervorst actually equates architecture with principles.
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He defines architecture “as a consistent set of design principles and standards that guide
design” (p. 215) [10]. Richardson, Jackson, and Dickson call principles “the most stable
element of an architecture” (p. 389) [6]. Aside from that, architecture principles are
central elements of enterprise architecture frameworks such as TOGAF [7].

The aim of this paper is to conceptualize the research area of enterprise architec-
ture principles, to examine prior research, and to identify research options.

The remainder of the paper is organized as follows. Section 2 contains conceptual
foundations of enterprise architecture principles. Section 3 describes results of our
literature review. In section 4 we summarize our findings and provide directions for
further research.

2 Conceptual Foundations

In the following sections we describe conceptual foundations of enterprise architec-
ture principles.

2.1 Architectural Triangle

In the architecture framework proposed by The Open Group [7] architecture “has two
meanings depending upon the context: 1. A formal description of a system, or a de-
tailed plan of the system at component level to guide its implementation [and] 2. The
structure of components, their inter-relationships, and the principles and guidelines
governing their design and evolution over time.” [7] In other words, the term architec-
ture may denote both, the inherent structure of a system and its representation. Hence,
architecture and architectural representation should be distinguished. The architecture
is a conceptual model of the system of interest. The architectural representation is a
more or less formal description of the architecture. Figure 1 illustrates the associations
of a system, its architecture, and architectural representation arranged parallel to the
so-called semiotic triangle [11], [12].

Architecture principles may refer either to the design or to the representation of ar-
chitectures. We label the first as design principles and the latter as representation prin-
ciples. Design principles are fundamental propositions guiding the construction and
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Fig. 1. Architectural Triangle
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evaluation of architectures, e.g. separation of concerns, modularity, or loose coupling.
Representation principles are fundamental propositions for describing and modeling
architectures, as well as for evaluating architectural representations. Examples for
representation principles are understandability, consistency, and completeness.

2.2 Context of Architecture Principles

Principles are means to achieve certain ends. When designing enterprise architectures
principles serve to accomplish business, IT, or architecture goals. Constraints (e.g.
strategic, financial or technological limitations) may restrict the applicability or valid-
ity of architecture principles.

Since principles are usually abstract, high-level propositions they need to be speci-
fied in order to guide the development or evaluation of a system. This is often realized
by providing rules or guidelines for the development of architectures and evaluation
criteria for quality assessment. Schekkerman defines a rule as “a prescription on how
something has to be done” (p. 34) [5]. Guidelines are less rigorous. They provide
guidance for behavior but do not call for strict obedience. Evaluation criteria are qual-
ity characteristics for the assessment of architectural designs or representations.
Figure 2 shows the context of architecture principles.
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Fig. 2. Context of Architecture Principles

Rules, guidelines, and criteria for designing or evaluating architectures should be
derived from architecture principles, which in turn should be derived from relevant
goals [13].

2.3 Network of Principles

Architecture principles are usually embedded in a network of associated principles,
for example, business and IT principles as well as principles that refer to elements of
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Fig. 3. Network of Principles

enterprise architectures such as organization, application, software architecture, data,
or infrastructure principles. Figure 3 exemplifies a network of principles.

2.4 Level of Universality of Architecture Principles

Architecture principles in related arenas, such as software engineering or organiza-
tional design, are generic propositions that are largely independent from mission,
strategy, objectives, constraints, or conditions of a particular enterprise, organizational
unit, or project. Examples for software architecture principles are separation of con-
cerns, modularity, loose coupling, and tight cohesion [14].

Principles described in the literature on enterprise architecture are often enterprise-
specific, i.e. tailored to the needs of the enterprise. For example: “Star Enterprise IT
areas will need to collaborate to provide the best service in application development
and support, and to eliminate artificial internal competition” (p. 389) [6].

3 Literature Review

3.1 Method

We used a structured approach recommended by Webster and Watson [15] to identify
relevant publications for the review. As a first step, we examined IS journals and IS
conference proceedings using the EBSCO database and the Web of Science. We con-
ducted electronic searches in titles and abstracts on the following keywords: “enter-
prise architecture” and “principle” or “design” or “rule” or “guideline”.

In a second step, we extended our search to IS journals and conference proceedings
that were not covered by our original search. These searches identified a total of 42
articles. After analyzing each article’s abstract, keywords, or the full article when
necessary, we excluded 27 articles that did not appear to be concerned with or rele-
vant to enterprise architecture principles. This process provided 15 articles for in-
depth review.
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In a third step we reviewed the citations in the articles identified in the previous
steps to determine prior articles on enterprise architecture principles. A further set of
four articles from journals and conference proceedings other than those formally
searched was collected and a subset of 19 articles was read in full and coded.

We did not include articles on architecture principles from related research areas
such as software engineering or organizational design and engineering. We limited
our review to articles focusing on enterprise architecture principles. We also did not
include articles discussing principles for designing or evaluating enterprise architec-
ture frameworks or principles for service oriented architectures [16], [17]. We ex-
cluded all publications that only mentioned the terms architecture principles, design
rules, or guidelines without elaborating on these concepts. Out of the 19 coded arti-
cles, eleven include passages of interest. They are compiled in the analysis.

3.2 Overview of the Literature

Compared to the considerable amount of publications on enterprise architecture in
general, the number of articles presenting research findings on enterprise architecture
principles is rather low. This is surprising because architecture principles are consid-
ered to be essential elements of architectures [1], [2], [7]. We identified no more than
eleven publications that analyze enterprise architecture principles [3], [4], [6], [8], [9],
[10], [13], [18], [19], [20], and [21]. Only four of these articles [3], [6], [9], and [13]
have their main emphasis on principles. The other seven articles discuss principles
among other topics.

Prevalent methodologies used are case studies [4], [6], [21], [13] and conceptual
descriptions [3], [8], [9], [10], [19], and [20]. One article [18] uses mathematical rep-
resentation. We did not find any survey that explores development, use, or evaluation
of architecture principles in multiple enterprises.

3.3 Definitions of Enterprise Architecture Principles

No accepted definition of the term enterprise architecture principles has emerged yet.
Table 1 presents definitions of architecture principles covered by our review. Authors
of articles [4], [18], [20], and [21] do not define the term.

It is remarkable that the term architecture principle is defined in six articles only.
One article [10] equates a collection of design principles with enterprise architecture.
It is also interesting that only one definition [6] emphasizes that principles may guide
design and evaluation of architectures. The other definitions focus on the design pur-
pose of principles.

Furthermore, some definitions focus on selected layers of enterprise architectures.
They do not seem to consider all layers of enterprise architectures. Some definitions
focus on IT (“simple, direct statements of how an enterprise wants to use IT” [8];
“rules and guidelines for the use and deployment of all IT resources and assets” [13]),
others on business (“rules and guidelines ... that inform and support the way in which
an organization sets about fulfilling its mission” [3] and [9]). Only two definitions [6]
and [19] comprise enterprise architecture in its entirety.
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Table 1. Definitions of Enterprise Architecture Principles

References

Definitions

(3]

referring to

[7]

“Principles are general rules and guidelines, intended to be enduring
and seldom amended, that inform and support the way in which an
organization sets about fulfilling its mission.” (p. 49)

(6]

“Principles are an organization‘s basic philosophies that guide the
development of the architecture. ... Principles provide guidelines
and rationales for the constant examination and re-evaluation of
technology plans.” (p. 389)

(8]

“... simple, direct statements of how an enterprise wants to use IT.
These statements establish a context for architecture design decisions
by translating business criteria into language and specifications that
technology managers can understand and use. Architecture principles
put boundaries around decisions about system architecture.” (p. 38)

[9]

referring to

[7]

“Principles are general rules and guidelines, intended to be enduring
and seldom amended, that inform and support the way in which an
organization sets about fulfilling its mission.” (p. 1139)

[10] (no explicit definition); “collectively the design principles are
identified as enterprise architecture” (p. 217)

[13] “Architectural principles define the underlying general rules and
guidelines for the use and deployment of all IT resources and assets
across the enterprise ...” (p. 2)

[19] “Architecting principles are rules to use when elaborating enterprise

architectures.” (p. 1214)

3.4 Context of Architecture Principles

The context of architecture principles as outlined in section 2.2 is often structured in
rationales and implications [6], [8] or in goals and rules [9], [13], [20], [21]. A ration-
ale gives an explanation for the principle. It states underlying reasons, in most cases
by explaining the principle’s contribution to achieving architectural or business goals.
Implications describe potential consequences for those in charge of developing,
evaluating or deploying the architecture or elements of the architecture [6]. Accord-
ingly, Hoogervorst claims: “All principles should have a three-fold context: the ra-
tionale of the principle, (2) the implications, and (3) key actions necessary for making
the principle operational” (p. 229) [10]. Richardson, Jackson, and Dickson propose
the following structure for describing enterprise architecture principles: (1) principle
statement, (2) rationale, and (3) implications [6].

Constraints are neglected by nine articles included in our review. This is astonish-
ing because constraints may help researchers and practitioners to correctly assess the
principle’s scope and validity. Van Bommel et al. [9] suggest using constraints when
formalizing architecture principles. Chen and Lillehagen [19] point out that architec-
ture principles should be embedded in goals and objectives, constraints, conditions,
and challenges.

Similar to the situation in service design [16] there is no empirical validation of
successful architecture principles. We did not find any publication that explores the
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relationship between deploying architecture principles and attaining architecture
goals. Lessons learned when deploying enterprise architecture principles [6], [8], [13],
[21] provide anecdotal evidence at best. Tested knowledge on which architecture
principles facilitate the achievement of specific architecture goals would be highly
beneficial for the enterprise architecture community.

3.5 Network of Principles

Interdependencies of enterprise architecture principles and other principles, e.g. IT
principles or business principles, are not mentioned in ten of the articles included in
our review [3], [4], [6], [8], [9], [10], [18], [19], [20], and [21].

Lindstrom [13] points out, that architectural principles should be derived from
business principles which in turn should be derived from business strategy. IT gov-
ernance and IT strategy principles should be derived from architectural principles.
However, the distinction of architecture principles and other principles remains am-
biguous. Lindstrom [13] cites the following architectural principles of Vattenfall, a
major European energy provider: “IS/IT Strategy development shall be an integral
part of business strategy development.” “Control of development and implementation
of IS/IT projects must comply with a corporate common project management model.”
Most of the so-called enterprise architecture principles reported in her article resemble
IT principles. Lindstrom does neither distinguish IT principles from enterprise archi-
tecture principles nor does she explain criteria of how to tell between IT and architec-
ture principles. The same is true for principles compiled by Richardson, Jackson, and
Dickson [6].

3.6 Level of Universality of Architecture Principles

In our review we found articles that examine generic principles and other articles that
report about enterprise specific principles. In a second step we analyzed which level
of universality is addressed by the articles focusing on design principles and on repre-
sentation principles respectively. Table 2 shows the level of universality and the na-
ture of the architecture principles discussed in the articles included in our review.

Table 2. Level of Universality and Nature of Architecture Principles

design principles representation principles

generic [19], [21] [31, [4], [9], [18], [20]

enterprise-specific | [6], [8], [10], [13]

The majority of the articles focus either on enterprise-specific design principles or
on generic representation principles. Only two articles elaborate on generic design
principles. No article describes enterprise-specific representation principles.

We were astonished about the fact that only two article describe generic design
principles for enterprise architectures. We had expected that two decades of research
on enterprise architectures would have yielded more knowledge on design principles
that are independent of the specific circumstances of a particular enterprise.
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4 Summary and Research Directions

The results of our review show that there are various gaps in the research literature:
No accepted definition of enterprise architecture principles has emerged yet. Design
and representation principles often are not explicitly distinguished. A detailed concep-
tual framework that could serve as a basis for conducting quantitative research is still
lacking. Business principles, IT principles and enterprise architecture principles are
often mixed up. Research into generic design principles is still in its infancy.

Our literature review illustrates the necessity to conduct more in-depth research on
enterprise architecture principles. We suggest the following options for future
research:

1. Identifying an appropriate definition of enterprise architecture principles. An ac-
ceptable definition should cover all layers of enterprise architecture and should not
be restricted to particular layers. It should also account for the three major purposes
of architecture principles: design, description, and evaluation of systems. We pro-
pose the following definition: Enterprise architecture principles are fundamental
propositions that guide the description, construction, and evaluation of enterprise
architectures. Enterprise architecture principles fall into two classes: Design prin-
ciples guide the construction and evaluation of architectures. Representation prin-
ciples guide the description and modeling of architectures, as well as the evaluation
of architectural representations.

2. Obviously it is difficult to clearly distinguish enterprise architecture principles
from IT principles or business principles. We do not know whether and how com-
panies distinguish these categories of principles. More research is needed to answer
the question whether this distinction is helpful and how it can be achieved.

3. Exploring the issues of enterprise architecture principles from more theoretical
perspectives. Adjacent research areas may provide helpful insights to answer this
question. Research into software engineering and software architecture has yielded
considerable findings on architecture principles [14], [22]. Organizational design
and engineering explore principles of how to design and to describe enterprises
[23], [24]. Research on service oriented architectures has produced valuable
knowledge on architecture principles [16], [17]. Systems architecting [25] may also
provide helpful insights of how to design architecture principles.

4. Investigating generic enterprise architecture design principles. Findings on generic
design principles are meager in the field of enterprise architecture. Adjacent re-
search areas, such as software architecture or organizational design and engineer-
ing, have produced valuable knowledge on generic design principles. It would be
highly interesting to explore whether there are generic design principles that are
applicable to all layers of enterprise architectures. In a second step, scholars could
address the question under which circumstances specific principles may contribute
to the achievement of particular enterprise architecture goals.

5. Extending the basis of case studies. There are only few publications that describe
practical experience with enterprise architecture principles. Since this research
field has not yet been explored in detail and theoretical foundations are meager we
need more explorative research. More case studies might help to shed light on key
issues and success factors when formulating and deploying architecture principles.
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Conducting quantitative research. When a detailed conceptual framework for ex-
ploring enterprise architecture principles is elaborated quantitative research should
be conducted. Surveys covering multiple enterprises in various industries could
help to assess whether enterprise architecture principles converge to a coherent set
of generic principles or whether these principles need to be tailored to the specific
needs of the particular enterprise.
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