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Abstract. Key concepts in enterprise architecture include concerns, principles,
models, views and frameworks. While most of these concepts have received ample attention in research, the concept of principles has not been studied much yet.
In this paper, we therefore specifically focus on the role of principles in the field
of enterprise architecture, where we position enterprise architecture as a means
to direct enterprise transformations.
In practice, many different types of architecture principles are used. At the same
time, principles are referred to by different names, including architecture principles, design principles, and IT policies. The primary goal of this paper is, therefore, to arrive at a conceptual framework to more clearly clarify and position these
different types.
The paper starts with a discussion on enterprise architecture as a means to govern
enterprise transformation. This provides a framework to position the different
types of principles, and highlight their roles in enterprise transformations.

1 Introduction
As discussed in [1], key concepts in the field of enterprise architecture include concerns,
principles, models, views and frameworks. Ample research has been conducted on architecture frameworks, architecture modelling languages [2, 3], model analysis [4, 5],
as well as viewpoints and concerns [6, 7, 8]. In this paper we turn our focus to the concept of principles and its role in the field of enterprise architecture. Given that principles
have not received a lot of research attention [9], there is a need to better understand their
essense.
Several approaches to enterprise architecture position principles as an important
ingredient [10, 11, 1, 12, 13], while some even go as far as to position principles as
being the essence of architecture [14]. At the same time, initial case studies [15, 16, 17,
18, 19, 20, 21, 22, 23, 24, 25] indicate there to be a wide variation in the actual use
of principles. The primary aim of this paper is therefore to arrive at a first version of a
conceptual framework which more clearly identifies and positions the different types of
principles.
The framework presented in this paper is the first iteration in a design science [26]
driven research effort in which we aim to more clearly define the concept of architecture
principles, and develop an associated methodology for defining and describing architecture principles. This first iteration, provides a synthesis of existing views on enterprise
architecture and enterprise engineering [27, 1, 14, 13].
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The remainder of this paper is structured as follows. Before we are able to sensibly
explore the different types of principles, and their roles in enterprise transformations,
Section 2 offers a review of our understanding of the fundamental purpose of architecture as a means to direct enterprise transformation. In Section 3, we then provide a
conceptual framework of the different types of principles that can be discerned within
our field.

2 Architecture as a means to govern enterprise transformations
In line with [1], we take the perspective that enterprise architecture should play a pivotal
role in governing the continuous improvement process of an enterprise. In order to
better understand the governing role of enterprise architecture, this section positions
architecture as a means to govern enterprise transformations. As we will see, principles
are the key means to govern the direction of the transformation of an enterprise.
In our view, governing enterprise transformations first and foremost entails the perspective on an enterprise as a purposely designed and implemented artefact. This enables the governing system to govern the enterprise transformation in terms of a clear
goal, its current state, and the desired future states of the enterprise. Doing so, implies a
perspective on properly governed enterprise transformation as being a form of engineering. This gives rise to the field of enterprise engineering [28, 14], which is an emerging
discipline that regards the design and implementation of enterprises from an engineering perspective. Two key paradigms underpin this discipline. The first paradigm states
that enterprises are purposefully designed and implemented systems. Consequently,
they can be re-designed and re-implemented if there is a need for change. The second
paradigm of enterprise engineering is that enterprises are primarily social systems, supported by technical systems. This means that the dominant system elements are social
individuals, and that the essence of an enterprise’s operation lies in the entering into and
complying with commitments between these social individuals, while the implementation of this essence involves the design of an orchestrated collaboration between social
beings and technical artefacts.
In line with [29, 1], the governance of an enterprise transformation process is regarded as involving a force-field between enterprise strategy, programme management
and enterprise architecture. When only considering the typical project parameters, one
runs the risk of conducting “local optimisations” at the level of specific projects. For example, when making design decisions which have an impact that transcends a specific
project, projects will still aim for solutions that provide the best cost/benefits tradeoff within the scope of that specific project while not looking at the overall picture.
Such local optimisations are likely to damage the overall quality of the result of the
transformation [1]. Enterprise architecture is concerned with an operationalisation of
the direction in which the enterprise aims to transform itself, in terms core properties
of the enterprise being engineered. This operationalisation allows the different change
projects to be assessed whether they contribute to the realisation of the strategy, while
guarding the properties that transcend specific projects.
In this paper we focus on the position of enterprise architecture in relation to enterprise engineering, and the potential roles of principles within this. From that context it
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is usefull to see architecture as: the normative restriction of design freedom [14], allowing enterprise architecture to exert its governing role towards the enterprise transformation. It stresses an important goal of architecture: to restrict design freedom, which
can also be interpreted as “to reduce design stress”. This does not exclude architecture
as a means for other goals. Indeed [2, 1] classifies architecture viewpoints into designing, deciding, contracting and informing viewpoints. Furthermore, in [1] enterprise
architecture is positioned explicitly as a means for informed governance of enterprise
transformation, requiring indicators and controls to govern enterprise transformations.
The desire to restrict design freedom implies normative instruments with which
such restrictions can be made. We believe architecture principles are key instruments in
this [30], and we are certainly not alone in doing so. Several approaches position principles as an important ingredient [31, 32, 10, 11, 1, 13, 33, 34], while some even go as far
to position principles as being the essence of architecture [14]. Architecture principles
fill the gap between high-level strategic intentions and concrete designs. They ensure
that the enterprise architecture is future directed, and can actually guide design decisions, while preventing analysis paralysis by focussing on the essence. Furthermore,
they document fundamental choices in an accessible form, and ease communication
with all those affected. They are formulated based on drivers such as strategy, goals
and risks. Potential undesired impact on the goals of stakeholders can be reduced by
formulating architecture principles.

3 A conceptual framework for architecture principles
As argued before, we take the perspective that architecture principles are a cornerstone
of enterprise architecture. The goal of this section, is to provide a conceptual framework
for architecture principles. As mentioned before, the framework presented in this paper
is the first iteration in a design science [26] driven research effort in which we endeavour
to more clearly define the concept of architecture principles, and develop an associated
methodology for defining and describing architecture principles. The first iteration as
presented in this paper, provides a synthesis of existing views on enterprise architecture
and enterprise engineering [27, 1, 14, 13].
3.1 History
The term principle is said to originate from the Latin word of principium [35], which
means “origin”, “beginning” or “first cause”. Vitruvius, an architect in ancient Rome,
used principles to explain what is true and indisputable, and should apply to everyone.
Vitruvius considered principles as the elements, the laws of nature that produce specific
results. For instance, he observed how certain principles of the human body, such as
symmetry and proportion, ensure “perfection”. The human body was a great source of
inspiration to him. He even believed that the principles of the human body should also
be applied in the design of gardens and buildings because it would always lead to a
perfect result: an ultimate combination of beauty, robustness and usability.
When using principles in the sense of beginning, they generally provide insight
into the causes of certain effects. These causes can be laws of nature, beliefs or rules

4

H.A. (Erik) Proper and D. (Danny) Greefhorst

of conduct. Laws of nature simply are, and influence the things we do. Examples of
such principles are the law of gravity and the Pauli exclusion principle. The latter is a
quantum mechanical principle formulated by Wolfgang Pauli in 1925. It states that no
two identical fermions may occupy the same quantum state simultaneously. Another
example, more directly relevant to enterprise engineering, is the principle of requisite
variety from general systems theory, which states that a regulating system should match
the variety of the system that should be regulated [36].
Beliefs are typically founded in moral values. Examples of such principles are Martin Luther King’s principles of nonviolence, that were to guide the civil rights movement. In an enterprise engineering context, examples of such principles would be: No
wrong doors (suggesting that clients should be helped at whichever office/desk they
approach the enterprise) and The customer is always right.
Rules of conduct are explicitly defined to influence behaviour, and are typically
based on facts and beliefs. General examples include the Ten Commandments from the
Bible, e.g. “You shall not murder” and “You shall not commit adultery”. In our enterprise engineering context, examples would be: Clients can access the entire portfolio
of services offered by any part of the government by way of all channels through which
government services are offered and Before delivering goods and services to external
parties, we must hold receipt of the associated payment.
The remainder of this section will show various dimensions in which principles
can be positioned. We distinguish scientific principles from normative principles, positioning architecture principles as normative principles. We divide normative principles
into credos and norms, in which the latter form is needed in order to provide enough
restriction of design freedom. We show how principles relate to requirements and instructions. Finally, we position architecture as a form of essential design, focusing on
the fundamental and essential aspects [37].
3.2 Scientific principles versus normative principles
The American Engineers’ Council for Professional Development [38] states that engineering concerns “the creative application of scientific principles to design or develop
structures, machines, apparatus, or manufacturing processes, or works utilising them
. . . ”. Principles are used in a wide range of engineering disciplines such as industrial engineering, chemical engineering, civil engineering, electrical engineering and systems
engineering. They can be seen as a form of design knowledge that should be shared, in
order to increase the quality of designs. In line with [38], we will refer to these principles as scientific principles.
Scientific principles are likely to be cross-disciplinary in the sense that they will be
applicable in various design disciplines. Lidwell [39] provides a list of 100 “universal
principles of design”, consisting of laws, guidelines, human biases, and general design
considerations. The principles can be used as a resource to increase cross-disciplinary
knowledge and understanding of design, promote brainstorming and idea generation
for design problems, form a checklist of design principles, and to check the quality of
design processes and products. Examples of principles described by Lidwell that fall
into the category of scientific principles are the “exposure effect” and “performance
load”. The first principle states that “repeated exposure to stimuli for which people
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have neutral feelings will increase the likeability of the stimuli”. The latter states “the
greater the effort to accomplish a task, the less likely the task will be accomplished
successfully”.
Principles have always played an important role in civil engineering, a professional
engineering discipline that deals with the design, construction and maintenance of
the physical and naturally built environment, including works such as bridges, roads,
canals, dams and buildings. Principles from general systems theory, such as the earlier
mentioned law of requisite variety [36], are examples of scientific principles that are
applicable in an enterprise engineering context.
Architecture principles are commonly seen as normative principles. TOGAF [13]
states that “principles are general rules and guidelines, intended to be enduring and
seldom amended, that inform and support the way in which an enterprise sets about fulfilling its mission”. The use of principles in the context of enterprise architecture can be
traced back to a multi-year deep dive research project led by Michael Hammer, Thomas
H. Davenport, and James Champy, called the Partnership for Research in Information
Systems Management (or PRISM) [40], which was sponsored by about sixty of the
largest global companies (DEC, IBM, Xerox, Texaco, Swissair, Johnson and Johnson,
Pacific Bell, AT&T, et cetera). It is a principles based architecture framework, also involving core terminology of, what was at that stage, a novel paradigm. In this context,
principles were defined as “simple, direct statements of an organisation’s basic beliefs
about how the company wants to use IT in the long term”. Note that in this definition, the
operative word is wants. It refers to the fact that fundamentally, such principles are used
to express a normative desire. Even more, it also expresses how these principles will
aim to bridge the communication gap between top management and technical experts.
The PRISM model, being from 1986, is among the first published enterprise architecture framework, and as such actually precedes the Zachman framework [41] (published
one year later). PRISM’s concept of principles as well as how they guide the definition
and evolution of architectures was its most salient and widely accepted contribution.
The PRISM model has strongly influenced other enterprise architecture standards,
methods and frameworks. The earliest publications referring to the concept of principle, in an enterprise architecture context, can indeed be traced back to the PRISM
project [31, 32]. Furhermore, the HP Global Method for IT Strategy and Architecture [34, 42], which is based on work at Digital Equipment Corporation starting in 1984,
was almost completely based on the PRISM model and the concept of principles. Many
years later, the PRISM report [40] also influenced the IEEE definition of architecture,
as many of the IEEE 1471 [27] committee members (Digital included) were employed
by the original sponsors of this early work. The concept of architecture principle as it
is defined in TOGAF [13] today, is also inspired by the PRISM model.
Normative principles do not exist in isolation. They are based on all sorts of other
artefacts, such as the strategy, issues, the existing environment and external developments. On the other hand, they also influence all sorts of other artefacts, such as guidelines, requirements, designs and implementations. One can regard the normative principles as bridging between strategy and operations; they are primarily an alignment
instrument. They are formulated based on knowledge, experience and opinions of all
sorts of people in the organisations; senior management, as well as the people that do
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the actual work. This mixture of people is also the target audience of normative principles. In that sense, the definitions of normative principles also provides a common
vocabulary for the organisation.
3.3 Credos versus norms
In practice we see normative principles at various levels of precision. In [24] we have
made the distinction between architecture principles and guidelines, where guidelines
are more specific than architecture principles. NORA [43] distinguishes between fundamental principles and derived principles, where fundamental principles are the basis for
derived principles. The level of precision influences the ability to assess the compliance
of a design or architecture to the principle. When considering the role of principles
bridging between strategy, via architecture to design, this is quite natural. At first, a
principle will be formulated rather informally and refined later on in order to use it as
a means to restrict design freedom. The definition of the word principle in the dictionary [35] suggests multiple forms of principles:
– 1a: a comprehensive and fundamental law, doctrine, or assumption b (1): a rule or
code of conduct (2): habitual devotion to right principles <a man of principle> c:
the laws or facts of nature underlying the working of an artificial device,
– 2: a primary source: origin,
– 3a: an underlying faculty or endowment <such principles of human nature as greed
and curiosity> b: an ingredient (as a chemical) that exhibits or imparts a characteristic quality,
– 4: Christian Science: a divine principle: god.
In terms of the general definition, scientific principles refers to the interpretation of
principles as laws or facts of nature underlying the working of an artificial device, normative principles refers to principles in the sense of a a comprehensive and fundamental
law, doctrine, or assumption or a rule of conduct that guide changes in the enterprises
by influencing/directing the design of these changes.
At the start of their life-cycle, normative principles are just statements that express
the enterprise’s fundamental belief of how things ought to be. At this stage, their exact
formulation is less relevant. This is in line with intentions behind TOGAF [13] and the
Zachman [41] framework, where the architecture process starts with the creation of an
architecture vision. In this phase, architecture is very future-oriented and mostly a creative process. The principles can be used as a means to express a vision, which is mostly
based on personal beliefs of the stakeholders involved in the envisioning. They can be
seen as normative principles in their initial stage. They are not yet specific enough to
actually use them as a norm. In other words; assessing compliance of architectures and
designs to these principles is not feasible. They are primarily used as a source of inspiration. Examples of principles in this phase, taken from practical cases, are:
–
–
–
–

We should follow citizen logic.
Work anywhere; anytime.
Reuse as much as possible.
Applications should be decoupled.
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Principles in this phase can best be referred to as being a credo. The dictionary [35],
defines credo as: “a set of fundamental beliefs; also: a guiding principle”. This is very
close to the definition of principle by Beijer [34]: “A fundamental approach, belief,
or means for achieving a goal...”. In terms of the dictionary definition of principle,
we consider this to correspond to its interpretation as a comprehensive and fundamental law, doctrine, or assumption. As such, credos are things an enterprise consciously
chooses to adopt. They represent the fundamental beliefs or assumptions underpinning
further architectural decisions. This allows enterprises to provide a first elaboration of
an enterprise’s strategy towards the desired design of the enterprise.
When enterprises want to use normative principles as a way to actually limit design
freedom, the principles need to be more specific. This is when the exact formulation
of the principle becomes important. They need to be formulated in such a way that
compliance to them can be assessed. This starts with a reformulation of the principle
statement, but extends to other properties. The full specification will a.o. need to contain
definitions of terminology used, as well as a definition of how to assess the compliance
of a design to the principle. The examples given previously could be reformulated as
follows to make them more specific:
– The status of customer requests is readily available inside and outside the organization.
– All workers are able to work in a time, location and enterprise independent way.
– Before buying new application services, it must be clear that such services cannot be
rented, and before building such application services ourselves, it must be clear that
they can not be purchased.
– Communication between application services will take place via an enterprise-wide
application service bus.
Once normative principles have been (re)formulated specific enough to use them
to restrict design freedom, we can refer to them as a norm. The dictionary [35], defines a norm as: a principle of right action binding upon the members of a group and
serving to guide, control, or regulate proper and acceptable behaviour. In terms of the
dictionary definition of principle, we consider this to correspond to its interpretation as
rule of conduct. Norms can also be regarded as a tactic by which a credo can be enforced. To indeed enable the normative effect of norms, they are required to be specific,
measurable, attainable and relevant.
When considering TOGAF’s [13, Section 3.17] definition of principle:
A qualitative statement of intent that should be met by the architecture. Has at
least a supporting rationale and a measure of importance.
and more specifically the purpose it attributes to such principles [13, Section 36.2.4]:
Principles are general rules and guidelines, intended to be enduring and seldom amended, that inform and support the way in which an enterprise sets
about fulfilling its mission.
we take the stance that TOGAF requires/presumes architecture principle to be in the
form of norms.
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3.4 Principles versus requirements and instructions
Normative principles limit design freedom. They are, however, not the only statements
which limit design freedom. Requirements also limit design freedom. However, requirements state what (functional or constructional) properties a (class of) system(s)
should have, and why the stakeholders want the (class of) systems to have these properties (also see [34]). Normative principles provide policies on how the design of the
(class of) system(s) will ensure that the actual implemented system(s) will meet the
requirements. Requirements are the basis for solutions, expressing their required characteristics. Fisher [9] states that architecture principles refer to the construction of an
enterprise while requirements refer to its function.
Generally, enterprise architectures are not only specified in terms of normative principles, but also in terms of more instructive statements, such as models and detailed descriptions on how to apply these in a specific situation. We will refer to these statements
as instructions, since they tell designers specifically what to do and what not to do. Instructions will refer to the concepts used in the actual construction of the enterprise,
such as: value exchanges, transactions, services, contracts, processes, components, objects, building blocks, et cetera. Enterprises typically use languages such as UML [44],
BPMN [45], TOGAF’s [13] content framework, ArchiMate [3], or the language suggested by the DEMO method [28], to more explicitly express their architectures in
terms of concrete modelling concepts. Instructions, provide a more operational and
tangible refinement of the normative principles. Due to their tangible nature, in terms
of actual concepts used in the construction of the enterprise, architecture models enable
enterprises to study/analyse the effects of different options for the future, as well as
analyse problems in the current situation [2]. Just as normative principles, instructions
are required to be specific, measurable, attainable and relevant
Collectively we will refer to normative principles and instructions as directives to
express the fact that they both direct the design of the enterprise (albeit at different
levels of specificity) and both involve a choice by the enterprise to direct their transformation. The dictionary [35] defines directive as: serving or intended to guide, govern,
or influence, while the OMG’s business motivation model [46] also uses the notion of
directive as the most general form of guidance/regulation. In terms of the NAF definition of architecture [14], these two flavours of directive collectively cover its role as a
normative restriction of design freedom.
Figure 1 provides (in the style of Object Role Modelling [47]) a domain model positioning credos, norms, normative principles, instructions, requirements and scientific
principles. In the ORM diagram, the encircled cross is used to signify the fact that credos, norms, scientific principles, instructions and requirements are mutually exclusive.
The general notion of proposition is used as a further generalisation of scientific principles, requirements and directives. Each proposition must have a quality and a definition
(signified by the black dot in the diagram), while they have at most one definition (signified by the short bar on the fact type).
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has / of
Definition
(description)

has / of
Proposition
(name)

Quality
(name)
{ specific, measurable, attainable,
relevant, time-bound }

Scientific
principle

Directive

Requirement

underpins /
is underpinned by

Normative
principle

Credo

Instruction
operationalised by /
operatonalises

Norm
enforced by /
enforces

A Credo must have Qualities: { attainable, relevant, time-bound }
A Norm must have Qualities: { specific, measurable, attainable, relevant, time-bound }
A Instruction must have Qualities: { specific, measurable, attainable, relevant, time-bound }
A Scientific principle must have Qualities: { specific, measurable }
A Requirement must have Qualities: { specific, measurable, attainable, relevant, time-bound }

Fig. 1. Core terminology
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3.5 Architecture principles versus design principles
Regarding an architecture as a normative restriction of design freedom, raises the question what the difference is between architecture and design. More operationally, What
should be included in an architecture, and thus restrict the freedom of ensuing design
activities, and what should indeed be left to designers? As suggested by the IEEE [27]
and TOGAF [13] definitions of architecture, the architecture level should focus on fundamental aspects. An enterprise architecture should provide an elaboration of an enterprise’s strategy, while focussing on the core concerns of the stakeholders. As such, an
architecture is typically positioned at a level concerned with a class of systems. A design focuses on the remaining requirements and design decisions pertaining to a specific
system being developed, which will typically have a limited impact on the key concerns
of the stakeholders.
Fehskens [37] states that architecture should explicitly address alignment, relating
the role of architecture to the mission. He redefines architecture as “those properties of
a thing and its environment that are necessary and sufficient for it to be fit for purpose
for its mission”. In his view, architecture should focus on what is essential, on “the stuff
that matters”. This equates to those properties that are necessary and essential. This
is also what distinguishes architecture from design. A different architecture implies a
different mission, whilst different designs may address the same mission.
Rivera [42] acknowledges that architecture is about the essense. He adds that generally speaking, design work seeks to find optimal solutions to wellunderstood problems. It’s more science than art, algorithmic in nature, and deals mostly with a system’s
measurable attributes. Architecting deals primarily with nonmeasurable attributes using
nonquantitative tools and guidelines based on practical lessons learned. In his view, the
architecture uses a heuristic approach. Whereas design and engineering work is primarily deductive in nature, architecture work is primarily inductive.
The distinction between design and architecture, also allows us to distinguish between architecture and design versions of normative principles, instructions and requirements respectively:
– Architecture principles are normative principles that are included in the architecture
of a class of systems.
– Architecture instructions are instructions that are included in the architecture of a
class of systems.
– Architecture requirements are requirements that pertain to the architecture of a class
of systems.
– Design principles are normative principles included in the design of a specific system.
– Design instructions are instructions that are included in the design of a specific system.
– Design requirements are requirements that pertain to the design of a specific systems.
The role of these concepts is made even more explicit in Figure 2. In this diagram,
concepts from Figure 1 are shown in their architecture and design variants, and guided
by scientific principles. The diagram illustrates the flow from strategy via requirements
that should already be addressed at the level of the architecture, the actual architecture,
the requirements to be met by the design of the system, the design of the system, to the
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implementation of the system implementation. The scientific principles can be applied
during the entire engineering process to motivate design decisions. Note that principles
are much less common in designs than in architectures. Rivera [42] even states that “One
of the key differences between the content of descriptions generated from architecture
work and that generated from design work is in their use of principles”.
scientific principles

architecture
principles
strategy

architecture
requirements

architecture
instructions

architecture

design
instructions

design
principles
design
requirements

design

implementation

Fig. 2. From strategy to implementation

As an illustration of the flow from strategy to implementation, we use a fictitious insurance company. Their strategy is to become the provider of the cheapest insurances in
the country. To this end they have formulated the objective to cut costs with 20% within
two years, which can be considered an architectural requirement. Based on this requirement they have defined an architecture principle which states that “business processes
are standardized and automated”. Although they could not find any scientific principles
to support this, they had good experiences with process standardization in other organizations. The architecture principle is translated to specific architectural instructions on
the claims handling process. These instructions standardize the process by defining the
specific activities which must be present in all claims handling processes. A new claims
handling system is designed to support the standardized claims handling process. A
design requirement for this system is that it integrates with the recently developed customer portal. The lead designer strongly believes that business rules should be defined
and implemented separately from other application functionality in this claims handling
system and therefore defines the design principle that “business rules are defined in a
business rules engine”. He also provides more specific design instructions on how to actually define these business rules, by prescribing the specific constructs in the business
rules engine that should be used. These design instructions are used by the developers
that use the rules engine to implement the system.
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4 Conclusion
In this paper we have explored the concept of principle in relation to enterprise transformations, leading to a conceptual framework more clearly defining principle and associated terminology.
The presented framework is the first iteration in a design science [26] driven research effort in which we aim to more clearly define the concept of architecture principles, and develop an associated methodology for defining and describing architecture
principles. We have produced a domain model of the concepts involved, taking into
account established definitions as well as practical experiences. While the proposed
framework is a synthesis of existing theoretical perspectives as well as empirical insights, in line with the design science approach, the necessary next step is to validate
this framework in terms of additional practical cases and experiments. With the current
conceptual framework in place, we can indeed endeavour to do so.
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