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Zusammenfassung

Die gegenseitige Ausrichtung von Geschäft und IT beschreibt den beständigen Wandel
mit dem sich Unternehmen im Zeitalter globalisierter Märkte, sich schnell verändernder
gesetzlicher Vorschriften und technologischer Innovationen konfrontiert sehen. Vor dem
Hintergrund dieses Spannungsfeldes gewinnt das Management der Unternehmensarchitek-
tur (EAM) als Instrument zur gesteuerten Weiterentwicklung des Unternehmens an Be-
deutung. Dabei stellt das EAM Methoden für die Beschreibung, Analyse und Kommunika-
tion des Ist-Zustandes, des erwünschten Soll-Zustandes sowie von Transformationsplänen
der Unternehmensarchitektur bereit. Die Forschung und Praxis hat in der Vergangenheit
eine Vielzahl von Entwurfstheorien, Fallstudien, Standards und praxiserprobten Lösungen
über die Gestaltung einer EAM Funktion veröffentlicht. Die Anwendung dieser Ansätze
ist jedoch mit Herausforderungen, wie der Ausrichtung an sich ändernden Problemstel-
lungen, sowie der Anpassung der Funktion an den Unternehmenskontext, verbunden. Um
von der bereitgestellten Wissensbasis profitieren zu können, stehen Unternehmen vor dem
Dilemma, die Entwurfstheorien zu identifizieren, auszuwählen und zu verbinden, welche zu
ihrem spezifischen Unternehmenskontext sowie ihren Problemstellungen passen.

Die vorliegende Forschungsarbeit stellt eine Entwurfsmethode zur Gestaltung unter-
nehmensspezifischer EAM Funktionen vor, welche die genannten Herausforderungen
adressiert. Anhand eines Aktivitätsmodells unterstützt die Entwurfsmethode Unter-
nehmensarchitekten bei der inkrementellen Ausgestaltung einer problemadäquaten und
unternehmensspezifischen EAM Funktion unter Verwendung einer Methodenbibliothek,
welche praxiserprobte Lösungen in Form von Methodenbausteinen in einem Theoriever-
bund zusammenführt. Unter Ausnutzung der Organisation der Methodenbausteine in
der Methodenbibliothek werden im Rahmen der Entwurfsmethode passende Methoden-
bausteine für ein Unternehmen identifiziert. Hierzu stellt die Entwurfsmethode einen Ka-
talog von Kontextbeschreibungen zur Klassifikation des Unternehmens bereit. Zusätzlich
werden Methodenbausteine anhand eines zweidimensionalen Modells von EAM Problem-
stellungen, welches auf der Unterscheidung von abstrakten Zielen und möglichen Anwen-
dungsgebieten basiert, an die unternehmensspezifischen Problemstellungen angepasst. Mit
Hilfe der von der Entwurfsmethode bereitgestellten Techniken zur Konfiguration, Adap-
tion und Integration werden die Methodenbausteine zu einer umsetzbaren EAM Funktion
zusammengefügt. Eine Methode zur konsistenten Weiterentwicklung der Methodenbiblio-
thek erlaubt die Integration von neuen oder veränderten Problemstellungen, Kontexten
sowie Lösungen und rundet den Beitrag der Arbeit ab.

Der Entwurf und die Entwicklung einer organisationsspezifischen EAM Funktion stellt
einen komplexen und fehleranfälligen Prozess dar, welcher von einer Werkzeugunter-
stützung profitiert. Im Rahmen der Arbeit wird ein prototypischen Werkzeug vorgestellt,
welches den Zugriff auf die Methodenbibliothek erleichtert und den Unternehmensarchitek-
ten bei der Durchführung der Schritte der Entwurfsmethode unterstützt. Eine Evaluierung
der Methodenbibliothek, der darauf aufbauenden Entwurfsmethode und der Entwurfstech-
niken anhand konkreter Praxisfälle schließt die Arbeit ab.
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Abstract

The mutual alignment of business and IT refers to various challenges that modern enter-
prises are exposed to due to globalized markets, changing legal regulations, and techno-
logical innovations. In response to these challenges enterprises aim at a strategic man-
agement of their enterprise architecture (EA) which provides a holistic model of the key
elements and relationships of an enterprise and connects strategy, business, and IT. EA
management is a strategic management function to describe, analyze, and communicate
the current, planned, as well as the envisioned target state of the EA. Past research has
produced a multitude of case studies and theories to design the EA management function.
At the same time, practitioners have developed voluminous standards and textbooks that
document best practices. However, enterprises have difficulties in applying these theories
and practices and to adapt them to their specific problems and organizational contexts.
Since context and problems change over time, a regular adaptation of the EA management
function is required. As a consequence, it is difficult for an organization to benefit from
the body of knowledge and to select as well as combine theories that match its specific
context and problems.

In this thesis we present a method to develop organization-specific EA management func-
tions closing the above identified gap. The development method builds on a method base,
consisting of interrelated method building blocks (MBB) extracted from practice-proven ap-
proaches. Based on an activity framework of the EA management function the development
method guides an organization in incrementally designing an EA management function by
completing the activities with algorithmically identified fine-grained MBBs suitable for the
given organizational context and the specific problem. The development method builds
on a two-dimensional model of EA management problems distinguishing between the ab-
stract goal and the concern describing the part of the EA to which the goal applies. The
development method employs a catalog of organizational context descriptions relevant for
the design of the EA management function and supplies techniques to ensure operational
implementability. The development method further provides guidelines for adapting EA
management functions in response to changing organizational contexts and problems. In
addition, we supply an administration method to develop and evolve the method base in
a consistent and coherent manner with newfound best practices.

Theory-based design and development of an EA management function is a complex and
error-prone process, for which technical support is considered helpful. In this thesis, we
present a prototypic web-based toolset that supports the enterprise architect in executing
the development method and applying the configuration techniques. The applicability of
the development method, the method base, and the corresponding techniques is evaluated
in case studies from the finance industry and the public sector.
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CHAPTER 1

Introduction and Motivation

Today’s organizations1 are confronted with an ever changing economic, regulatory, and tech-
nical environment that they are forced to continuously adapt to (cf. Wagter et al. [Wa05] and
Ross et al. [RWR06]). Performing the necessary and beneficial adaptations is aggravated by
the intricate and highly interwoven architecture of organizations. Therein, local changes to one
organizational artifact, e.g. a business process or a business application, might have unforeseen
global consequences and potentially detrimental impacts on related artifacts. Based on the
aforementioned impact, organizational change can be distinguished into optimization (incre-
mental change) and transformation (fundamental change) as discussed by Aier et al. [Ai09c].
Whereas support for the former change is typically provided by functional methods of business
administration, e.g. human resources, distribution, or marketing, the latter requires a holistic
approach to support organizational transformation [Wi08a]. A commonly accepted instru-
ment to support and guide such transformations is a strategic management of the enterprise
architecture (EA) which provides a holistic model of the key elements and relationships of an
enterprise and connects strategy, business, and IT. The main goal of EA management is to
enhance the alignment of business and IT [LLO93]. An effectively applied EA management a)
reduces local maintenance costs due to increased standardization [RV08], b) increases respon-
siveness via reduced project duration [RV08, Th09a], c) facilitates risk management through
reduced complexity and an organization-wide view on organizational changes [RWR06, Th09a],
and d) enhances strategic business outcomes by increasing effectiveness of business processes,
applications, etc. through standardization [Bi98].

Research on the topic of EA management dates back to the late eighties, when Zachman
published the first version of his framework for information systems (IS) architecture [Za87].
Since that time the number of publications in the area of EA management has been increasing
steadily (see e.g. the surveys of Langenberg and Wegmann [LW04a] or our survey in [My11]).

1The terms organization and enterprise are used synonymously in the remainder of the thesis as generic terms
covering enterprises, public organizations, companies, etc.
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1. Introduction and Motivation

Driven by the demand from practice, a multitude of approaches to EA management has
been developed by practitioners (cf. [La05, Ni06c, Ke07, Sc08a, Ha10]), researchers (cf. [Sc01,
Fr02, We03, WF06, Ai09c]), tool vendors (cf. [ME02, Ma08]), public institutions (cf. [NA07,
De09a]), and standardization bodies (cf. [Th09a]). These approaches usually distinguish the
following activities of the EA management function: documenting current states, developing
planned and target states of the EA, communicating and enforcing EA plans and principles,
and analyzing and evaluating architectural states. Although most approaches agree on the
aforementioned activities, they greatly differ regarding the scope, reach, and focus of the
proposed methods and models. While some approaches are limited in scope and, for instance,
restrict the ‘width’ of the EA management function to the design of the IT architecture only
(cf. Keller [Ke07]), others take a more holistic perspective supplementarily taking strategic
and business aspects into account [FS05]. Similarly, the chosen focus of the proposed methods
differs: Typically a focus on languages and visualizations for EA descriptions (cf. [La05])
and a focus on methods and procedures for developing architectures (cf. [Th09a]) can be
distinguished.

The missing common conception in the area is also reflected by the existing plurality of defini-
tions for EA or EA management. In 2008 Schönherr [Sc08b] conducted an extensive analysis
of 126 publications in the context of EA management concerning the used definitions for EA.
While some publications used the term EA in a ‘descriptive’ way, referring only to the man-
agement subject, i.e., the architecture of the organization (cf. Johnson and Ekstedt in [JE07]),
others also used the term in a ‘normative’ way, without distinguishing between the manage-
ment subject and the management process (cf. Bernus et al. in [BNS03]). We stick to the
former understanding of the term, presuming that architecture is an inherent property of each
organization. This understanding is backed by Rechtin’s statement that “every system and or-
ganization has an architecture” [Re99, page 175] no matter, if this architecture is documented
or not. Correspondingly, we define EA in accordance with the ISO Standard 42010 [In07,
page 3] as

Definition: Enterprise architecture (EA)

EA is the fundamental conception of the organization in its environment, embodied
in its elements, their relationships to each other and to its environment, and the
principles guiding its design and evolution.

The EA encompasses elements and their relationships to each other. Thereby, the question
whether an element or relationship should be considered a part of the EA can according to
Aier et al. [Ai08b] be answered by the criteria of width, depth, and pragmatism. Figure 1.1
shows a high-level structure of the EA. The layers mirror the overall make-up of the organi-
zation ranging from business & organization layer via the application & information

layer to the infrastructure & data layer. The cross-cutting aspects, visions & goals,
strategies & projects, and principles & standards, represent elements which are not
part of, but exert influence on any of the elements organized in the layers [Ma08]. Additional
abstractions are incorporated in Figure 1.1. These abstractions encapsulate functionalities
of the underlying layer or cross-cutting aspects, i.e., business capabilities, business ser-
vices, infrastructure services, for the different layers and questions & key performance

indicators (KPIs) for the cross-cutting aspect.
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Figure 1.1.: High-level structure of the EA

Besides the different elements grouped in the layers, the relationships between the elements
are important. These relationships reflect the alignment between business and IT and between
organizational and IS aspects. According to Hevner et al. business IT alignment is “central to
the IS discipline” [He04, page 78]. The interplay between business and IT is especially impor-
tant as IT is seen as an enabler for business and organizational aspects. Therefore, Orlikowski
and Barley encourage researchers to take organization studies into account during their re-
search in IT and vice versa [OB01]. In 2008 Schönherr identified an interesting misconception
during his literature analysis [Sc08b]: 60 percent (72 out of 126 publications) concerning the
topic EA management address only one layer with most approaches dealing with organiza-
tional aspects, lacking the holistic perspective which would be expected in the context of EA
management. The plurality regarding the scope of existing EA management approaches can
be ascribed to the diversity in that area. Therefore, researchers call for developing a common
terminology for EA management [Sc08b, SW09].

The diversity in the context of EA research is further investigated by Schelp and Win-
ter [SW09]. Based on the work of Becker et al. [Be03] and the work of Hevner et al. [He04],
they develop an analysis framework and discuss the contributions of seven major academic
groups in the field of EA management. Schelp and Winter present two main constituents of
an EA management approach—a meta-model or language, which is used to describe the EA,
and a procedure model or method, which specifies how the EA is managed, i.e., documented,
maintained, and planned. As a result of the survey, Schelp and Winter conclude that most of
the research groups constitute local language communities with a self-developed language and
method [SW09]. The appearance of isolated solutions can be ascribed to the organization-
specificity of the EA management function. On the one hand the goals that an organization
pursues with an EA management function differ widely (cf. [Bu06, ARW08b, Bu08b]) and on
the other hand the organizational context in which the EA management function has to be
integrated must be reflected by the used approach. To provide standardization for the field,
a method to design EA management functions needs to be developed that enables customiza-
tion of the management function based on the specific problems and organizational context
settings of an organization. The development method for such organization-specific EA
management functions must on the one hand correspond to practitioners’ demands to be ap-
plicable in their specific situations and on the other hand reflect the demands from academia
to lever the standards regarding both the quality of the language community and the quality
of the design research in the field. The following section further discusses the identified “busi-
ness need” [He04, page 79], details the problem statement, and poses the research questions
addressed by this thesis.
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1.1. Problem statement and research questions

The mutual alignment of business and IT, which is central to the IS discipline [He04, page 78],
goes beyond a mere provider role of the IT in which IT resorts to solely fulfilling business
requirements. In contrast, IT should take an enabler role, proactively seeking to increase
flexibility and adaptability to foster the agility of the overall organization. This two-fold
role of IT well illustrates the core of business IT alignment, which could have also been
described conversely from a business perspective. In consequence, mutual alignment is a
goal best approached from both perspectives, a business and an IT perspective, and is hence
not the focus of the management functions for business or IT management alone [OB01].
This calls for a management function with an embracing management subject spanning
both business- and IT-related concepts, but most preferably also accounting for cross-cutting
aspects, such as strategies and projects (see above the definition of EA). The latter is especially
necessary as a managed evolution of the organization inevitably connects to the strategies as
drivers of organizational change and the projects as its vehicles [MWF08]. According to that
understanding, we provide a preliminary definition of EA management to support an intuitive
understanding of the term, which will be further discussed and refined in Section 4.3.

Preliminary definition: EA management

EA management is a continuous management function seeking to improve the align-
ment of business and IT and to guide the managed evolution of an organization.
Based on a holistic perspective on the organization the EA management function
is concerned with the management, i.e., the documentation, analysis, planning, and
enactment, of the EA.

The above definition emphasizes the fact that EA management is a continuous effort. If in-
formation about the EA, for instance, is only gathered once and not maintained for following
projects, the expenditures and investments will not amortize [Ai09a]. Typical challenges for
enterprises in the development of an EA management function are a) designing a compre-
hensive and not fragmented management function, b) the integration of the EA management
function with other enterprise-level management functions, like project portfolio management,
demand management, or strategies and goals management, and c) the adaptation of the EA
management function to the organizational context [RV08]. The development of a suitable
EA management function addressing the aforementioned challenges and the establishment as
well as integration thereof in the organizational context is a difficult task. An organization
willing to introduce such management function can choose between

∙ a greenfield approach, in which the EA management function is developed from
scratch,

∙ a customization of existing approaches, like The Zachmann Framework [Za09],
The Open Group Architecture Framework (TOGAF) [Th09a], or approaches developed
by practitioners as well as researchers (cf. [Wa05, RWR06, Sc08a]), and

∙ an integration approach, which supports reusing existing best practices from different
sources (cf. [Bu07d, KW07, Er10]).
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The advantages and disadvantages of these approaches as discussed by Aier et al. [Ai08a],
Buckl et al. [Bu07d, Bu08c], and Ernst [Er10] are summarized in the following.

While the greenfield approach comprises the advantage of developing an EA management
function, which reflects the specific needs of an organization, it does not consider related ini-
tiatives already existing inside or outside the organization. Lacking an actual starting point
for EA management, organizations using a greenfield approach tend to collect requirements
from all potential EA stakeholders resulting in an all-embracing, giant EA management in-
formation model, which precludes a low cost-benefit ratio of the initiative. Furthermore, own
methods for performing EA management, i.e., for collecting and maintaining information, for
developing target states of the EA, or for communicating and enacting architectural principles
have to be developed such that each greenfield approach is ‘reinventing the wheel’ over and
over again.

To avoid typical pitfalls during a start from scratch, existing approaches can be reused and
customized to the specific needs of an organization. However, to decide which framework
should be used, expert knowledge about the different approaches is required. In addition,
the adaptation and customization of frameworks bears the risks of “destabilization of existing
terminologies”, “missing stakeholder acceptance”, “misusing of concepts and methods”, and
“too detailed models” [Ai08a, page 559]. While the last risk is closely related to the challenges
of the greenfield approach, the other risks typically arise during customization. Misuse of
concepts occurs, if the intended application scenarios of the concepts are not fully understood
or if they do not directly correspond to the demands of the organization. Similarly, a forced
terminology with an external origin typically suffers from acceptance problems, especially, if an
organization-specific terminology is already in use. Furthermore, EA management frameworks
like Zachman or TOGAF are usually either too abstract and, therefore, not implementable or
too extensive to be used in practice. Although the importance of adaptation to organization-
specific needs and contexts is mentioned in most approaches, no guidelines or methods on how
to perform this task are given.

To overcome the shortcomings of typical EA management frameworks, integration approaches
leverage best practice knowledge from different sources. By combining building blocks ex-
tracted from prevalent sources, e.g. EA management frameworks, scientific literature, or best
practices from industry, they support flexibility and allow incremental extension of the result-
ing EA management function. Based on the demands of the associated organization building
blocks representing method and/or language fragments for EA management are selected and
integrated into an organization-specific EA management function, which can be further ex-
tended and adapted by the integration of additional building blocks. However, information
on the integration of building blocks is scarce in literature as prevalent approaches are typi-
cally not designed to be used in combination. Experience and knowledge on how to integrate
building blocks from different sources is usually only available as ‘tacit knowledge’ of EA
management experts thus leading to a costly and time-consuming integration process, if no
experts are available. An example of an integration approach to EA management, which espe-
cially addresses integration with other approaches is the enterprise architecture management
pattern catalog (EAMPC) published by sebis2. The EAMPC is a collection of best practice
building blocks, so-called patterns, dedicated to the area of EA management. Accounting for

2sebis is the abbreviation for the Chair for software engineering for business information systems (sebis) of
the Technische Universität München (wwwmatthes.in.tum.de).
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the aspect of integration, we illustrate how to complement TOGAF with EA management
patterns in [Bu09c]. While the collection of patterns in the EAMPC delineates best-practice
knowledge, the EAMPC does not provide an overall picture of the EA management function,
leaving organizations willing to introduce such a management function alone in answering
questions like ‘When is my organization-specific EA management function complete?’ ‘How
can I ensure that my integration is correct?’ or ‘How does my organizational context affect
the integration?’. In addition, the integration of patterns, or building blocks in general from
different sources yields the risk of terminological inconsistencies. Terminological issues can
thus be expected due to the different origins of the building blocks and due to terminological
disruptions between the terminology established in the corresponding organization and the
terminologies as employed in the building blocks.

Summarizing the above considerations, establishing an EAmanagement function often requires
consulting. This may be caused by the all-embracing nature of EA management incorporating
multiple areas in an organization, e.g. business functions and IT artifacts. The above discus-
sion on the different approaches to develop organization-specific EA management functions
nevertheless reveals the following characteristics influencing and framing the design problem
addressed in this thesis:

∙ An EA management function must be suitable to address the organization-specific EA
management problems by providing appropriate methods.

∙ An EA management function must account for the specific context of the associated
organization, i.e must ensure organizational implementability.

∙ An EA management function must be configurable, adaptable, and incrementally ex-
tendable to correspond to the maturity of the associated organization.

∙ An EA management function should ground in best-practice approaches and re-use well-
established solutions.

In consequence, an EA management function should be tailored to the specific organization to
be both effective and efficient, i.e., to deliver the expected objectives at low overall investments.
This is even more important as an overly extensive management function can hamper and delay
necessary adaptations of the architecture, and reduce the overall flexibility of the organization.
From this observation, the research objective of this thesis can be derived.

Research objective: Develop a method for designing and re-designing
organization-specific EA management functions based on best-practice knowl-
edge documented in current EA management approaches.

Research in the area of EA management is typically conducted in close cooperation between
researchers and practitioners. While this on the one hand ensures relevance of the achieved
research results and fosters validation, the research agenda is typically influenced by the
partnering organization’s pace and goals, and may hence be obliged to deliver research results
early, which impedes the development of comprehensive theoretical underpinnings. This poses
a special challenge to the researcher who has to employ a research method, which on the one
hand is appropriate for the situation at hand and on the other hand ensures rigor of the
achieved results. In line with Aier et al. [Ai09c] and van der Raadt and van Fliet [RV08], we
opt for understanding an EA management function as a design artifact. Developing a method
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for designing organization-specific EA management functions can therefore be understood as
developing design theories. The development of an appropriate (research) method accounting
for the aspects of rigor and relevance leads to our first research question.

Research question 1: How does a method for building and linking design theories
in close interaction with an organization (willing to apply theses theories) look like?

In line with the idea of competing theories as proposed by Pries-Heje and Baskerville
in [PHB08], it seems sensible that a research method taking into account the specificities
of the research topic can be developed that builds on the existing knowledge base of preva-
lent EA management approaches. Thereby, especially the integration approach seems to be
promising as it supports re-usability of existing best practices and thus enables consideration
of the organizational constraints in which a solution can be applied. Existing integration ap-
proaches however lack an overall picture of the EA management function as well as guidance
and methods on the configuration and integration of solutions from different sources. Based on
the integration idea and patterns as modular reusable best practices, the concept of building
blocks seems to be promising to support on the one hand a uniform structure for describing
the solutions and on the other hand flexibility to match the situation at hand by building on
the basic principles of integration and customization. Existing best practices have thus to be
identified, formalized, and made available in a reusable and uniform manner, i.e., as building
blocks. Preparing the design and development of the building blocks, we revisit existing ap-
proaches to develop EA management functions and explore the incorporated understanding
of the associated management activities, thus answering the second research question of this
thesis.

Research question 2: Which approaches describe which activities constituting
the EA management function; which organization-specific configuration techniques
are supplied by prevalent approaches?

Backed by existing work on EA management functions, e.g. by Hafner and Winter [HW08]
and van der Raadt and van Vliet [RV08], it seems sensible to discuss the typical activities
of the EA management function separately. In addition, the interrelations and dependencies
between the activities should be detailed to facilitate their integration into a holistic function.
In Chapter 3 the state-of-the-art is analyzed using a systematic framework. Thereby, the
similarities and differences of existing approaches are revisited using different perspectives,
i.e., a model-centric, a design science, a management, a knowledge management, and a sys-
temic perspective. As a result, a framework of activities and possible configuration aspects is
presented. Complementing the theoretic discussion, a critical reflection of existing approaches
from the different perspectives is performed. Under the assumption that reusable method
building blocks and configuration points can be derived from a literature analysis, the third
research question arises.

Research question 3: Which requirements does the EA management domain
entail with respect to the configuration and integration of method building blocks
for the development of an EA management function?

Under the premise that commonly accepted typical activities of the EA management function
can be identified, a general method to develop organization-specific EA management functions
by integrating and configuring existing best practices has to be devised. The development
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method builds on an organized library of method building blocks, called method base.
Method building blocks from the method base are selected, configured, and integrated by the
users of the development method to design organization-specific EA management functions.
Prevalent best practices have to be organized and translated into a uniform structure. A
documentation method for business processes and a similar documentation method for appli-
cations, for instance, are abstracted to one method building block for documenting EA-related
information. Moreover, a modeling language suitable for describing method building blocks
has to be developed, which provides sufficient expressive power and formality to allow configu-
ration, adaptation, and consistency checking of an integrated EA management function. The
need to identify the relevant constructs (syntax and semantics) of a method building block as
well as a graphical representation (notation) results in the subsequent research question.

Research question 4: How does a conceptual model and a respective graphical
notation representing the foundation for the method base that supports configu-
ration, adaptation, and integration of method building blocks look like?

Based on the assumption that a respective conceptual model for describing method build-
ing blocks can be derived the application and administration of the building blocks requires
further investigation. To guide the users in the development of an organization-specific EA
management function, the development method defines steps, guidelines as well as tech-
niques to apply the method base, i.e., select, configure, and integrate appropriate method
building blocks based on the organization-specific problems and organizational contexts. Due
to the increasing importance of the EA management topic in practice and the changing goals
of EA management endeavors, the method base needs to account for newfound and reshaped
EA management problems, new organizational contexts, and novel best practices. Therefore,
the administration method provides guidelines and techniques to maintain and evolve the
method base. Thereby, both methods have to prevent the users from making configuration er-
rors resulting in inconsistencies. To support the latter, models, languages, and tools typically
prove to be helpful. This leads us to the fifth research question of the thesis.

Research question 5: What methods and techniques can be used to facilitate
the application and administration of the method base and how does a respective
tool support look like?

In addressing the fifth research question, the theoretic discussions on concepts, techniques,
and methods, are complemented by a practical toolset. The toolset does not represent an
EA management tool such as the tools discussed and analyzed by us in [Ma08] but can be
referred to as EA management configurator. The configurator presented in Chapter 6 is
intended to support the development method and the administration of the method base by
operationalizing the theoretic artifacts in such a way that they can beneficially be employed
in developing organization-specific EA management functions.

1.2. Contributions of this thesis

The objective of this thesis is to contribute to the knowledge base regarding the develop-
ment and establishment of organization-specific EA management functions. Therefore, a
building block-based development method (building blocks for EA management solu-
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tions—BEAMS) is proposed. The development method provides guidance to design and
adapt coherent and consistent organization-specific EA management functions based on a
method base that interlinks practice-proven method descriptions from different origins. The
development method ensures consistency and provides analysis techniques to investigate or-
ganizational implementability of the resulting method description. The main contributions of
the thesis are

∙ a modeling language that lays the basis for describing methods in the context of EA
management and corresponding building blocks,

∙ a method base, i.e., an organized collection of method building blocks, that can be
used to develop an organization-specific EA management function,

∙ an administration method for creating and maintaining the organized collection, e.g.
for adding new method building blocks,

∙ a building block-based development method guiding the use of rules and tech-
niques during the design and re-design of an organization-specific EA management func-
tion, and

∙ a prototypic toolset, which employs the modeling language and implements tech-
niques for supporting the users during the steps of the development method to design
an organization-specific EA management function.

Enabling a unified description of method building blocks the modeling language specifies
the syntax, semantics, and notation for describing method building blocks. The syntax de-
fines concepts as triggers, tasks, participants, consequences, or forces to describe methods
related to EA management activities. Furthermore, the syntax provides concepts to specify
pre-conditions and post-conditions for method building blocks such that relations to other
building blocks and rules for their integration into a coherent management function can be
defined. Representing the basis for configuration during the development method the vari-
able concept is introduced. A variable represents a ‘placeholder’ that must be configured
in the development method to reflect the specific requirements of the associated organization.
The modeling language further provides a glossary describing the semantics of the introduced
concepts. Complementing the triple of constituents of a modeling language, we provide a no-
tation or concrete syntax for representing the concepts of the modeling language graphically
that is based on the business process model and notation (see Section 5.1.2).

The method base is an organized collection that brings together best practice design pre-
scriptions for EA management functions gathered from existing de-facto standards, scientific
literature, and practitioners experience. The design prescriptions from different sources are
documented as method building blocks using the syntax, semantics, and notation provided by
the modeling language and linked in the method base. The method base establishes means
to select the method building blocks best suited for a specific organization. The method base
is organized according to the main activities of an EA management function—develop & de-
scribe, communicate & enact, analyze & evaluate to provide dedicated integration points of
the method building blocks and to facilitate their selection (see Section 4.3).

The administration method describes steps to be taken and techniques to be employed
in creating and maintaining the organized collection of method building blocks. The main
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steps relate to the integration of newfound or changed elements, e.g. method building blocks,
organizational contexts etc. During integration, special attention has to be paid to aspects of
maintaining the interlinked method building blocks contained in the method base. The method
prescribes how explicit relationships, i.e., ‘hard-coded’ links, between method building blocks
can be avoided to keep the maintenance efforts low. Instead, the method provides techniques
that use implicit relationships to link method building blocks via the meta-attribute concept.
Further, the administration method has to account for terminological issues. Considering the
various sources from which new method building blocks might emerge, glossaries for defining
participants, triggers, and organizational contexts are provided.

The building block-based development method establishes a framing process and dif-
ferent configuration techniques to support the users in the development of an organization-
specific EA management function. It specifies a step-wise procedure and guidelines ‘when’
to use ‘which’ technique. The method further states which information about the associated
organization has to be gathered and how this information needs to be organized to provide
input for the selection of method building blocks from the method base and to the configu-
ration thereof, e.g. to determine possible design options. The configuration techniques ensure
that a configuration is sound with respect to the information processed, i.e., with respect to
pre-conditions and post-conditions, and ‘vivid’ with respect to the triggers and participants.
Using the concept of variables the problem-independent method building blocks can be con-
figured to specific EA management problems and the general participants can be replaced
by organization-specific roles. Techniques for analyzing the organizational implementabil-
ity are provided by the method that make dependencies between information consumers, i.e.,
stakeholders, and information suppliers, i.e., actors of EA management-related tasks transpar-
ent and provide respective enactment mechanisms. The development method depicts possible
paths of evolution and maturation regarding the EA management function, as EA management
represents a long-term endeavor that has to deal with varying problems to be addressed and
changing organizational contexts to be accounted for. Therefore, the development method em-
ploys the configuration techniques that call on the implicit relationships between the method
building blocks.

Finally, the prototypic toolset implementing the modeling language, the techniques, and
the methods demonstrates the feasibility of the approach. Thereby, the prototypic toolset
supports both the maintenance and evolution of the method base (administration method)
and the application of the method base (development method). Relating it to classical EA
management tools as analyzed by us in [Ma08], the prototypic toolset can be considered a
configurator supporting the design of EA management functions that can then be employed
in ‘classical’ EA management tools. In this vein, the prototypic tool is used to facilitate the
evaluation of the contributions of this thesis in practical settings.

While the first four results present mainly theoretical contributions to the knowledge base,
the last one, the prototypic toolset, follows a technical paradigm. This tool is further used in
another application area, targeting languages for EA models [BMS10g] embedding this thesis
into a larger research project, targeting the development of organization-specific methods and
languages of the EA management function [BMS10d].
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1.3. Outline of this thesis

This thesis is structured in eight chapters. The main body of the thesis is organized in three
parts, problem diagnosis, nexus instantiation, and application & evaluation. These
parts are illustrated in Figure 1.2 and build an organization structure for the single chapters of
this thesis. The first chapter motivates the problem statement of this thesis, summarizes the
core contributions, and outlines the course of the thesis as well as the writing conventions.

Problem 
diagnosis

BEAMS: Building blocks for EA management solutions

Towards a building block-based method for designing
EA management functions

Evaluating the method

Critical reflection and outlook

Research design

Existing methods to design the EA management function

Introduction and motivation 

Nexus
instantiation

Application &
evaluation

Developing a prototypic method toolset

Figure 1.2.: Outline of the thesis

In Chapter 2—research design—the theoretical foundation for the research presented in
this thesis is established. Based on the epistemological framework of Becker and Niehaves
in [BN07], the epistemological, ontological, and linguistic positions that guide the course of
research are explained and discussed. Following the exposition of our fundamental positions,
the research perspective taken in this thesis is presented by delineating the expected research
outcomes. Complementing the research design, the research method is made explicit. Our re-
search method synthesizes the methodical framework of Venable [Ve06b], the five step method
to link design theories of Pries-Heje and Baskerville [PHB08], and our approach to pattern-
based theory building. The research method is further adapted based on the specificities of the
research context, the epistemological perspective taken, and the intended research outcomes.

In Chapter 3—analyzing the state-of-the-art in designing EA management

functions—prominent approaches for the design of EA management functions are revis-
ited and assessed with a focal point on the proposed methods. Following the guidelines for
literature reviews as proposed by Webster and Watson in [WW02] and a classification accord-
ing to Fettke’s framework in [Fe06], 15 prominent approaches to design an EA management
function are revisited. Thereto, we use a classification framework derived from a systemic
and a management perspective on EA management. The literature review in particular
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emphasizes on the provided methods and techniques to configure EA management functions
to organizational specificities.

In Chapter 4—towards a building block-based method to design EA management

functions—the core idea of this thesis is outlined. Thereto, we elicit quality criteria of
an organization-specific EA management function. Further requirements on the meta-level,
i.e., regarding the development method and the method base, are elicited from a utilitarian
perspective. We investigate kernel theories for the solution domain that contribute models
and techniques reusable in the context of designing organization-specific EA management
functions. In response to the identified characteristics, we propose an approach called “building
blocks for EA management solutions (BEAMS)” that presents the concept of method building
blocks, method base, development method, and the classification framework spanned by the
main activities of an EA management function. Thereby, we identify the method base with a
design theory nexus instantiation as presented by Pries-Heje and Baskerville [PHB08] and the
method building blocks with design theories.

In Chapter 5—BEAMS: building blocks for EA management solutions—we describe
the development method that uses a method base of practice-proven building blocks to design
an organization-specific EA management function. Focusing on method aspects of EA man-
agement functions, the concept of method building blocks is detailed. We introduce a language
for describing method building blocks that supports selection, configuration, integration, and
adaptation of method building blocks. Complementing the foundation for our development
method to design organization-specific EA management functions, we discuss techniques to
ensure consistency of the integrated method description and analyze the organizational im-
plementability. The techniques are used during the development method which describes the
steps how to apply the method base to design an organization-specific EA management func-
tion. The theoretic exposition of the method is complemented by an example. Finally, we
describe the administration method to maintain and evolve the method base.

In Chapter 6—developing a prototypic toolset: The BEAMS configurator—we elicit
use cases and discuss the design of tool-based support for our building block-based development
method to design EA management functions. Thereto, we present use case descriptions from
the perspective of a ‘user’ of the development method and associated techniques as well as the
perspective of an ‘administrator’ of the method base. Based on the elicited requirements we
delineate the prototypic design of a toolset supporting BEAMS and discuss issues related to
the functionalities and implementation of the toolset.

In Chapter 7—evaluating and applying BEAMS—we evaluate our research outcome in
a threefold way. Firstly, we present a theoretic evaluation of BEAMS. Thereto, we subject
the theoretical underpinnings of BEAMS to an argumentative evaluation process by revisiting
the requirements and general guidelines as discussed before. Secondly, we evaluate BEAMS
against the state-of-the-art. Using a fictitious case derived from prevalent literature, we show
that a skilled enterprise architect designs a similar EA management function as provided in
the example case by using the development method of this thesis. Thirdly, we show utility
of BEAMS by discussing observations made during the application of the research method in
practice.

In Chapter 8—critical reflection and outlook—the contributions of the thesis are summa-
rized and critically reflected. Starting with a review on the research questions, we summarize
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the contributions and findings of this thesis. We further identify possible limitations of the
method taken, reflect on our contributions, and derive open questions and directions of future
research furthering the thesis contribution.

1.4. Writing conventions

Doing research in the area of EA management, the communication challenge becomes obvious
in every speech, presentation, discussion, and workshop. This challenge arises from the differ-
ent stakeholders and perspectives involved as well as from the multitude of terminologies used
by them. Therefore, this thesis improves the overall readability and thus foster understand-
ability and discussion of the contributions by adhering to defined writing conventions that are
made explicit in the following.

To facilitate orientation for readers of this thesis, each main chapter starts with a short
introduction to the motivation and objective of the according chapter and concludes with a
summary of the achieved results. Furthermore, a table of contents, list of figures, and tables
as well as an index and a nomenclature enhance the usability of this thesis.

New and important terms are highlighted in this way at their first occurrence. In the subse-
quent text flow the terms are not specifically highlighted anymore to allow for an uninterrupted
text flow. Exceptions from that rule are only made when the usage of the term without high-
lighting would cause ambiguities or would result in hardly readable sentences. Important
terms of this thesis are introduced using a definition environment, which is accentuated as
follows:

Definition: Definition

A definition explicates a term and provides a common understanding of it. The term
is used throughout the remainder of the thesis and contributes to the knowledge base
of the research field.

Additionally, all defined terms are included in the index to ease the retrieval of the corre-
sponding definition. Sometimes it is necessary to discuss a term prior to presenting a formal
and comprehensive definition. Possible reasons are firstly that the reader might not yet have
enough information, as not all terms used in the definition have yet been introduced and
discussed. Secondly, the stream of consciousness and explanation might call for an intuitive
but less formal understanding of the term for which later a comprehensive formal definition
is provided. Preliminary definitions are presented similar to formal definitions as illustrated
subsequently.

Preliminary definition: Preliminary definition

A preliminary definition is a statement describing the respective term in an intuitively
understandable way.

Various approaches using different terminologies to describe the constituents of the EA man-
agement function exist. Whenever work from other research groups or practitioners is cited,
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the original terminology as employed in the publications is used. To clarify the origin of the
used terms and foster a common understanding, terms originating from foreign approaches
are highlighted in italics.

Quotations and references to existing work and primary sources are an essential part of ev-
ery academic work. Therefore, quotations are highlighted with respect to the length of the
quotation in two different ways. A short quotation, e.g. a single term is highlighted using
“quotation marks”, while longer quotes are organized in block quotes as exemplified below.

This is an example of a longer quote, which may consist of several sentences. A
longer quote is typically organized in block quote.

The source of the quotation is given by a nearby citation, which may be complemented by
the authors’ names. Whenever more than one source is given, the citations are arranged first
chronologically and then alphabetically. If a literal citation is used, the source is supple-
mented by a page reference. In quotations and sections which are dedicated to paraphrasing
the contents of a related work, the original terminology as used in that work is employed.
Additions in quotations are enclosed in [brackets]. If the usage of the original terminology
might cause ambiguities with the thesis’ terminology, footnotes are used to provide additional
information on the respective terms. Own publications are referenced in first person ‘we’ and
‘our’. Exceptions from that rule are made, if the author group involves external parties other
than members of the sebis Chair, as these may employ a different terminology as the one used
throughout this paper.

To illustrate complex concepts, context, and information, examples are used throughout the
thesis. Readability of the thesis and the text flow is ensured by organizing examples in a box
as follows.

Example 1.1: Expository example. This is an example, i.e., something
serving to explain or illustrate something else.

As the thesis incorporates parts dedicated to conceptual modeling, a distinction between
terms referring to a modeling concept and the real object has to be established. Therefore, a
term referring to the modeling concept is highlighted in capitals to avoid confusion. At some
points in the thesis, colloquial terms, e.g. ‘gut feel’, are used to avoid complex circumscriptions
and are emphasized by single quotation marks.

Whenever job titles or other references to persons are given in the text, typically the plural or
masculine form is used, which includes the feminine form (and vice versa) with no disrespect
intended.
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CHAPTER 2

Research Design

Driven by the multidisciplinarity of IS research and the influence of many related disci-
plines including business administration, computer science, sociology, and psychology, a plu-
rality of different methods, paradigms, and approaches has been developed in the IS disci-
pline [BW96, VRG02, BK04, SSW04]. Since its establishment in the 1970s, the discipline of
IS research went through a series of crises in which its identity and legitimacy was discussed in
manifold ways (cf. Hierschheim and Klein [HK03] and Lyytinen and King [LK04]). Prominent
topics of these crises were discussions concerning the relevance of IS research in practice (cf.
Bernbasat and Zmud [BZ99]), research methods appropriate for the field of investigation (cf.
Atkinson and Kühne [AK99] or Lee [Le99]), a shared body of knowledge (cf. Hirschheim and
Klein [HK03]), common goals and objects of research (cf. Bernbasat and Zmud [BZ99]), as
well as the theoretic core (cf. Lyytinen and King [LK04]). In contrast to these discussions
stands the rising importance of IT and IS for enterprises. Whereas the international IS re-
search community1 focuses on behavioral research (cf. Vessey et al. [VRG02] and Coplien and
Harrison [CH04a]), German IS is strongly influenced by design-oriented research [La06]. This
design-orientation is reflected by a long tradition in modeling, e.g. conceptual modeling (cf.
Kühn [Kü04] and Guizzardi [Gu05]), enterprise modeling (cf. Scheer [Sc01] and Frank [Fr02]),
or reference modeling (cf. vom Brocke and Buddendick [BB04] and Becker et al. [BDK07])
and in validating research results based on prototypical implementations (cf. Heinrich [He05]
and Lange [La06]).

According to Niehaves, the aforementioned divergence of international and German IS research
alongside with the growing internationalization, raises some opportunities as well as threats
for German IS research (cf. [Ni06c, page 13]). With the influence of IS research, methodolog-
ical and epistemological reflectivity could gain momentum in German IS research, which is

1International IS research within this work is understood as the complement to the German IS community
of Wirtschaftsinformatik. The international research is strongly influenced by Anglo-American research
traditions.
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often disregarded or only mentioned implicit in current publications (cf. Heinrich’s analysis
in [He05] and the continuing study of Becker et al. in [Be09a]). In return, the epistemological
and methodological pluralism existing in the field of German IS research could open rigid
structures in international IS research. If German IS, in contrast, passively follows method-
ological discussions and unquestionedly adopts the quantitative behavioral research paradigm,
it, according to Niehaves, might fail to profile on the basis of its competencies and potentially
loose positive differentiation criteria [Ni06c].

The nature of IS as ‘in between’ discipline to its neighboring areas of management science
and computer science, leads to repeating discussions about ‘what in fact is fundamental re-
search in business and IS engineering’. In a recent edition of the Business & Information
Systems Engineering journal, Winter [Wi09a] took up this discussion by presenting opinions
from researchers from the German and Anglo-American community. Therein, the discussants
emphasized the importance of multidisciplinarity for German IS research and advocate for an
explicit pluralism of theories including theories from reference disciplines like organizational
and system theory [Wi09a]. To ensure that this rich tapestry of different methodological
approaches is used correctly, coherent, and beneficial for the body of knowledge in the IS
discipline, researchers, according to Becker in [Be03, page 3] and Niehaves in [Ni06b, page 11],
should explicate the research design of their work to allow others to comprehend and evalu-
ate the achieved results. According to Becker et al. choosing an appropriate research method
is the central question of research design [Be03], which must be adequate to on the one hand
achieve the desired research outcomes and on the other hand must be selected in accordance
with the epistemological, ontological, and linguistic assumptions made by the researcher [Be03].
Figure 2.1 illustrates the aforementioned constituents of a research design according to Becker
et al. [Be03, page 5].

Research design

Research assumptions
Epistemological
Ontological
Linguistic

Research outcomes
 Knowledge
 Design artifacts
 Design theory

Research method(s)

Figure 2.1.: Research design according to Becker et al. [Be03, page 5]

This chapter is organized alongside the constituents of a research design as shown in Fig-
ure 2.1. Subsequent Section 2.1 uses the epistemological framework developed by Becker and
Niehaves in [BN07] to present and discuss the epistemological, ontological, and linguistic re-
search assumptions underlying this thesis. We advocate for understanding the ‘design and
establishment’ of an organization-specific EA management function as a design process with
the organization-specific EA management function as the corresponding design artifact. Al-
though the design process for the EA management function is in practice mostly carried out in
an ad hoc manner and therefore not made explicit, other authors back our understanding of an
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organization-specific EA management function as a design artifact (cf. Aier et al. in [Ai08b],
Ernst in [Er10], or van der Raadt and van Vliet in [RV08]).

In Section 2.2 the research outcomes of this thesis are presented. Based on the aforementioned
assumptions and the research context of designing EA management functions, implications
targeting the research outcomes are discussed. Typically, research projects in the area of
EA management are conducted in close cooperation with industry partners, thus yielding
the intrinsic conflict for researchers between responding to practitioner demands and the
methodological rigors required for academic contributions [Ga07]. In this thesis, the conflict
is solved by research outcomes of trifold nature. Firstly, existing knowledge on designing
EA management functions published in literature and best practice knowledge from practice
is consolidated. Secondly, we develop methodical support for conducting the design process
via precise and specific prescriptions guiding users that seek to develop and establish an
organization-specific EA management function. Thirdly, we provide an IS design artifact, i.e.,
a tool, supporting the use of the aforementioned outcomes.

To achieve these outcomes, the notion of design theory initially introduced by Walls et
al. [WWES92] and further refined by Gregor and Jones [GJ07] is adapted as appropriate
means to formulate design prescriptions for the design of EA management functions. In
response to the challenges of industry-funded research, we develop a pattern-based theory
building process which enables reuse of best practice knowledge and early delivery of research
results [BMS10d, BMS10k]. The plethora of application areas of EA management calls for
the application of multiple design theories. In other words, the design theories represent al-
ternative solutions for the design of an enterprise-specific EA management function, whose
suitability depends on the environment and the goals pursued by the initiative. The concept of
the design theory nexus instantiation as introduced by Pries-Heje and Baskerville in [PHB08]
is used, which facilitates the selection of design theories best suited for a specific application
context and problem. The nexus instantiation represents the basis of the methodical support
provided for the development method of an EA management function as part of the research
outcome and follows the method–language dichotomy of EA management as discussed in the
work of Schelp and Winter in [SW09] and Aier and Schelp in [AS09].

Complementing the research design according to Becker et al. the research method is presented
in Section 2.3. The research method is based on the work of Venable [Ve06b], who outlined
different phases for a general design science research method, our method of pattern-based
theory building, and the stepwise procedure for constructing a design theory nexus instantia-
tion as presented by Pries-Heje and Baskerville [PHB08]. In putting strong emphasis on the
aspect of evaluation and validation, the synthesized method incorporates the evaluation and
validation techniques as devised by Verschuren and Hartog [VH05].

2.1. Research assumptions

As mentioned before, IS is a multidisciplinary and multinational area of research spanning
a heterogeneous environment. Taking the internationalization of IS research into account,
the explication of epistemological assumptions certain research results are based on becomes
more and more apparent. If not made explicit, collaborative work and evaluation of research
with respect to the appropriateness of the research method choice and application is aggra-
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vated [Ni06b, page 2]. In addition, problems may arise, if the implicit assumptions made are
not shared by international researchers, reviewers, or readers of the research results. Several
endeavors to systematically analyze research paradigms have been made also taking into ac-
count the underlying epistemological, ontological, and linguistic assumptions (cf. Burrel and
Morgan [BM79], Hirscheim et al. [HKL95], and Becker and Niehaves [BN07]). The episte-
mological framework initially presented by Becker et al. in [Be03] and further developed by
Becker and Niehaves in [BN07] is the most comprehensive framework, which showed its us-
ability in different national in international publications (cf. Recker [Re05a, Re05b]). We use
the framework subsequently to make the epistemological, ontological, and linguistic positions
taken in this thesis explicit. The framework consists of five questions: i) What is the object of
cognition (ontology), ii) What is the relationship between cognition and the object of cognition
(subject-object-relationship), iii) What is true cognition (concept of truth), iv) By what means
can cognition be achieved (methodology), and v) Where does cognition originate (origin of
cognition). The framework does not only provide assistance via making explicit the different
assumptions underlying a research and thus facilitating assessment of research rigor, it further
identifies dependencies between certain assumptions as possible combinations of ontological
and epistemological positions [Be03, page 8]. Subsequently, the assumptions underlying this
thesis are described alongside the framework developed by Becker and Niehaves [BN07]. Fig-
ure 2.2 provides an overview on the framework according to Becker et al. in [Be03, page 6]
and Becker and Niehaves in [BN07, page 202].

2.1.1. Ontological assumption

The above introduced framework is grounded on the ontological assumptions made by the
researcher. Ontology is the philosophical study of the nature of being, existence, or reality in
general, i.e., explores the questions “what is” and “how it is” [Fo96, page 366]. A researcher
thereby has to answer the question, if an objective world exists, independent from pure imag-
ination of the subject. In the context of IS research this question can be formulated as “what
is the object of our research” (cf. [Mo03]). Possible positions of researchers answering the
aforementioned question range from ontological realism to ontological idealism.

Realism: Researchers assuming that a real world exists, independent from cognition, thought,
and speech processes, take a position of ontological realism. An extreme form of realism
is materialism, which assumes that all entities and processes are composed of matter,
material forces, or physical processes [St98].

Idealism: Researchers adhering to ontological idealism, perceive reality as a construct, which
is dependent on human consciousness. A prominent exponent of ontological idealism
was Plato, who posited the primacy of spirit, mind, and language over matter, thereby
negating the existence of a real world independent from human thinking [Ja01].

Kantianism: Trying to overcome the differences between realism and idealism, Kant emphasizes
the existence of ‘things in themselves’, so-called noumena and ‘the appearing of those
things’ to an observer, referred to as phenomena. Researchers adhering to kantianism
believe that both noumena and phenomena exist and that our mind forces the world we
perceive [Ka08]. Thus, knowledge acquirable by an observer is restricted to phenomena,
while in contrast noumena are unknowable.
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(research outcome)
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Figure 2.2.: Epistemological, ontological, and linguistic framework adapted from Becker et
al. [Be03] and Becker and Niehaves [BN07]

Position taken in this thesis

In accordance with the latter discussion, we take an ontological perspective of kantianism in
this thesis. Taking the high-level perspective on an enterprise as presented in Figure 1.1 into
account, a distinction in concepts representing noumena and phenomena can easily be made
and justifies this position. To exemplify our considerations, the business & organizational
layer can be used. Whereas some constituents of that layer, e.g. locations or buildings, can be
assumed to be things themselves independent from human consciousness, other constituents,
e.g. business processes or organizational units, represent logic constructs that depend on hu-
man consciousness. Similar considerations can be made for the other layers and cross-cutting
aspects.

2.1.2. Epistemological position

Debates on philosophy of science concerned with assumptions, foundations, methods, and
implications of science and epistemology as a part of philosophy of science have a long history
in IS research (cf. [WWES92, Sc99, Fr03]). Philosophy of science according to Niehaves [Ni06b]
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seeks to answer the question how scientists should conduct research to achieve certain research
aims. Epistemology as a part of philosophy of science can be understood as the science of
analyzing the way human beings comprehend knowledge about what is perceived to exist
(cf. [BM79]). In other words, epistemology aims at investigating how humans can achieve ‘true’
knowledge. The epistemological position we take in this thesis is made explicit subsequently,
alongside the four questions as proposed by Becker et al. in [Be03] and Becker and Niehaves
in [BN07].

2.1.2.1. What is the relationship between cognition and the object of

cognition—Subject-object-relationship

This question investigates the relationship between ‘what perceives’ and ‘what is perceived’.
In other words, the question is “whether entities beyond human thoughts and speech can, at
least in principle, be recognized as objective” [BN07, page 203]. Two main answers to this
question exist:

Realism: Researchers following the assumption of epistemological realism claim that objective
cognition of an objective reality is possible, if suitable measures to eliminate subject-
dependent distortions are provided (cf. Loose in [Lo01]). As epistemological realism
assumes that objective cognition of an independent reality is possible, it relies on the
position of ontological realism2.

Constructivism: Researchers following the assumption of epistemological realism believe that
cognition is ‘constructed’ and therefore subjective instead of being discovered. In other
words, the relationship between cognition and the object of cognition is determined
by the subject [Lo87]. Thus, the subject can decide on the actual quality of the rela-
tionship and hence on the quality of cognition. Becker and Niehaves further identified
different forms of constructivism, with a continuum ranging from interpretivist construc-
tivism to radical constructivism. While researchers following the former school assume
that cognition is the interpretation of an objective reality by a subject (cf. Burrel and
Morgan [BM79]), the researchers following the latter school adhere to the idea that
cognition is always ‘private’ because no such thing as an objective reality exists (cf.
Glasersfeld [Gl89]).

Position taken in this thesis

As already mentioned above, ontological and epistemological assumptions are interdependent
(cf. the combination possibilities presented by Becker et al. in [Be03, page 8]). Our ontolog-
ical assumption of kantianism excludes a position of epistemological realism. Therefore, we
advocate for a position of epistemological constructivism, more precisely for an interpretivist
constructivism. This choice is only indirectly determined by the existing dependency between
ontology and epistemology, but in fact derived from our object of investigation—the manage-
ment of EAs. The architecture of an enterprise is perceived by a multitude of different stake-
holders with different backgrounds and interests in the systems (cf. [Ai08a, Bu09b, Th09a]).

2The combination of ontological and epistemological realism is often referred to as positivism in IS research
(cf. [CH04b]).
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The perception of the EA strongly depends on these stakeholders, which subjectively interpret
the ‘reality’ and construct their ‘mental model’ of the EA.

2.1.2.2. What is true cognition—Concept of truth

The meaning of the term truth is a central topic in epistemology. Truth may have a variety of
different meanings, e.g. referring to being the case or being consistent with a fact or reality.
Therefore, the assumptions made regarding the concept of truth are highly important for
analyzing and validating research results. The concept of truth refers to the question how
humans can achieve ‘true’ cognition. In the notion of Becker and Niehaves the question
can be rephrased more intuitively to “the extent to which ‘correct’ knowledge can really be
obtained and how the ‘correctness’ of knowledge has to be verified”. The continuum of possible
answers to that question is given subsequently:

Correspondence: The correspondence theory of truth builds on the understanding that truth
is a result of correspondence between two relata, of which the first is referred to as
statement and the second is a fact in terms of an ontological realism. In evaluating the
correspondence of the two relata, the statement can be classified as either true or false.

Consensus: The consensus theory of truth claims that true is whatever is agreed upon. In its
elementary form, the consensus results from everyone. A more moderate form of the
consensus theory of truth emphasizes on the subject-object-relationship and accordingly
enables the limitation of the range of truth to a particular group (the addressees). Thus,
a statement is true if it is acceptable for this group.

Semantic: The semantic theory of truth builds on linguistics, the precision of argumentation,
and the compact instrument of modern semantics. Tarski who mainly influenced this
theory, provided the differentiation of a language and its meta-language as the condition
for truth, to eliminate self-referential statements and resulting logical paradoxa [Ta44].

Position taken in this thesis

Taking the subject of this thesis into account, the consensus theory of truth emerges as first
choice. Especially the latter understanding, which limits the group of addressees, proves itself
useful in the context of EA management. The stakeholders determine the group of people,
which have an interest in the enterprise (cf. [In07, page 3]), and therefore are the addressees
of the developed approach. In the terms of Kamlah and Lorenzen they represent a language
community, a community which shares a common language, e.g. in terms of a conceptual model
of the enterprise, thereby making mutual understanding possible or easier [KL67]. Concepts of
such a language in the context of EA management are, for example, strategy, business process,
organizational unit, etc, which are agreed upon by the stakeholders. If more technical aspects
of an EA, e.g. servers, infrastructure devices but also technical measures like throughput and
latency, are considered, truth is not solely be a matter of consensus but also follows the
correspondence theory of truth.
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2.1.2.3. By what means can cognition be achieved—Methodology

This question is concerned with the way “how humans perceive” [BN07, page 205] or in
other words investigates the modes of how knowledge can be acquired. In contrast to research
methods, like explanatory research, constructive research, empirical research, or qualitative vs.
quantitative research, which describe procedures, the methodological aspects of this question
refer to the methodology of perception. Different methodological positions exist.

Inductivism: Transferring knowledge gained from (observed or empirical) individual cases to
a universal phrase or law by generalization is the way how cognition is obtained in-
ductively [Ze08, page 33]. Thus, inductivism is typically used posteriori, especially in
natural sciences in explanatory research contexts.

Deductivism: Deriving a statement form other statements with the help of logical conclusion,
is the way how knowledge can be acquired deductively [Ze08, pages 33–35]. In contrast
to inductivism, deductivism is the derivation of the individual from the universal.

Hermeneutics: Gaining deeper knowledge about the ‘nature’ of a text or fact requires a step-
wise investigation, which is conducted in so-called hermeneutic cycles, and results after
a number of iterations in profound understanding [Ze08, page 26]. Originating from
the background of comprehending texts, hermeneutic means that reading or interpret-
ing a text or making an observation is influenced by the background of our previous
understanding of the entire and in the same way means that while reading the text or
observing a fact we gain new knowledge with vice versa leads to a better understanding
of the entire.

Position taken in this thesis

As repeatedly discussed in the motivating Section 1, the design of an EA management func-
tion is highly dependent on the specific enterprise and its culture and context respectively.
Furthermore, enterprises form complex systems, which can not only be regarded as systems
by themselves but supplementary consist of a number of other systems and act in an environ-
ment, which can itself be regarded as a system [Ha05]. Hence the resulting complexity advises
the utilization of a hermeneutic methodology investigating the area in an iterative manner.
Both, deductive and inductive methods can be applied during the different hermeneutic cycles
to achieve intended research outcomes. Considering, for example, the identification of typical
activities of an EA management function, existing EA management functions as proposed in
literature or established in enterprises can be investigated to derive generalized constituents
of the EA management function. Contrastingly, the investigation of potential configuration
possibilities may call for an deductive methodology, which derives potential influences on the
EA management function from related disciplines like business administration.

2.1.2.4. Where does cognition originate—Origin of cognition

Relating to the question where our knowledge derives from, this question investigates the
different sources of cognition capability. While experiences of people and sensation can on
the one hand be regarded as origin of cognition, intellect can also be regarded as a source of
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cognition, as an object can be intellectually conceived to result in cognition. The aforemen-
tioned different positions are further extended by the position of kantianism, which provides
a intermediate position [BN07].

Empiricism: The school of empiricism regards experiences as the main source of cognition.
Empirical knowledge is often connected to the natural sciences and experiments and
therefore also referred to as posteriori knowledge [ACB89].

Rationalism: Considering intellect as main source of cognition, the school of rationalism be-
lieves that objects can become a matter of cognition through the conceptual efforts of a
subject [BN07, page 205]. This non-experienced-based knowledge is also referred to as
a priori knowledge.

Kantianism: Allowing both, experiences as well as intellect as valuable sources of knowledge,
the school of kantianism takes a conciliating position. Thereby, Kant emphasizes the
fact that none of the aforementioned positions should be preferred as objects can best be
experienced and categories are best to be conceptually designed by the intellect [Ka08].

Position taken in this thesis

Again referring to the subject of investigation—EA management—in general and the objective
of this thesis—a method to design organization-specific EA management functions—in special,
a kantianism position is most promising, allowing both experience and intellect as sources of
cognition. On the one hand experiences have proven to be supportive in the context of EA
management, see e.g. pattern-based approaches for EA management (cf. [Er10]) or empirical
observations of success factors (cf. [AS09]), on the other hand intellectual imaginations, e.g.
the development of an EA information modeling language (cf. [Fr02]), provide useful input.
Consequently, both origins of knowledge should be taken into account in this thesis.

2.1.3. Linguistic position

A central task of researchers or academics is to publicize their research findings to facilitate
discussion and to acquire feedback from others. Thus, research can be regarded as exchanging
linguistic artifacts (papers, presentations, speech, etc.). The epistemological and ontological
assumptions discussed before at least implicitly influence the linguistic position of a researcher.
In [Be03], Becker et al. hence propose to make the linguistic position explicit and present a
framework, which distinguishes the three function of language, namely the cognitive, expres-
sive, and communicative function detailed subsequently.

Cognitive function: The cognitive function is concerned with answering the question regarding
the task of language during intellectual effort of a person. In other words, it introspects
the role of language in mental processes. Thus, the cognitive function can be regarded
as purely intrasubjective, i.e., it is concerned with the internal cognition of a person.
While it is commonly accepted that thinking is done using language or images, we
abstain from more sophisticated discussions as they are most likely fruitless due to the
limited observation possibilities.
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Expressive function: Answering the question how language artifacts obtain semantics, the ex-
pressive function of a language focuses on the relationship between the subject and the
language artifact. Thereby, two main positions can be distinguished. Under the as-
sumption of an epistemological position of realism explicated language artifacts inhere
an objective, unambiguous semantics. Contrastingly, a epistemological position of con-
structivism or kantianism implies that language artifacts are interpreted by the subject
and therefore have a subjective semantics.

Communicative function: Taking the external intrasubjective aspect of language into account,
the communicative function of language is concerned with the question how language
artifacts can be used to exchange information between the sender of the information, i.e.,
the person expressing their thoughts by using the language, and the receiver. Thereby,
it is of special interest if language artifacts can ensure that the receiver comprehends
the meaning intended by the sender. Especially if language artifacts are assumed to be
interpreted subjectively, investigation of the communicative function is of interest.

Position taken in this thesis

Considering EA management, linguistic aspects are of vital importance both in the application
area as well as regarding research conducted in the field. In the application area, communi-
cation is accounted for as one major task and central challenge (cf. Schekkermann in [Sc06d,
page 88] and Hafner and Winter in [HW05, page 8]). In addition, language takes a prominent
role in EA management research, which according to Schelp and Winter in [SW09] as well as
Aier and Schelp in [AS09] typically has two main constituents—a language for EA descrip-
tions and amethod for the EA management function. Based on these discussions, it is obvious
that especially the positions regarding interperson aspects, i.e., the expressive function and the
communicative function, should be made explicit. Following the above substantiated position
of epistemological kantianism, we assume that language artifacts have a subjective semantics.
This assumption is further backed by the findings of Schönherr in [Sc08b], who conducted an
extensive literature analysis investigating different definitions of the term EA management. In
this context, Schelp and Winter apply the term “language community” [SW08], which refers
to a group of individuals that agree on a set of terms as well as on a shared understanding of
the semantics of these terms. Such language communities can be found in our daily lives, e.g.
people with the same profession, dialect, or interest, but can also be found in the academic
world, where the active EA management research groups form language communities [SW08].
A method to design organization-specific EA management functions therefore needs to provide
mechanisms, which account for the linguistic plurality.

2.2. Research outcomes

Research in the area of EA management is often conducted in interaction with an organization
willing to practically apply the research results. On the one hand, this opens the door for “de-
veloping case studies” (cf. van Aken [Ak04, page 232]) by employing an intrinsically motivated
industry partner. On the other hand, industry-funded research projects usually underly the
partnering organization’s pace and are hence often forced to early delivery of results, which
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aggravates the development of comprehensive theoretical underpinnings. This leads to a sit-
uation in which researchers are challenged to ensure that their research does not degenerate
into “routine design” that according to Hevner et al. [He04, page 82] must be distinguished
from design science. In contrast, the close cooperation can be used to contribute to design
theory building e.g. via extracting case studies (cf. van Aken [Ak04] and Eisenhardt and
Graebner [EG07]). Building on a figure from Gehlert et al. in [Ge09, page 442] that illustrates
the twofold relation between theory and design according to Nunamaker et al. in [NCP91],
we discuss how the contribution to theory building can be achieved (cf. Figure 2.3).
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Figure 2.3.: Elements of theorizing in design science research [NCP91, Ge09]

The subsequently presented design theory nexus instantiation for EA management

proposes a research outcome suitable for balancing relevance and rigor by relating pragmatics
of industry-funded projects with the methodological rigors of scientific research. The con-
cept of a design theory nexus is introduced in a step-wise manner starting with the notion
of design theory as initially presented by Wall et al. [WWES92]. Based on the developed
understanding of design theories, the role of patterns for theory building is discussed, leading
to a revised understanding of the components of a design theory. Further the concept of
the design theory nexus as proposed by Pries-Heje and Baskerville [PHB08] is introduced as
means to link competing design theories. Finally, the concept of a nexus-based IS generator
providing tool support for the evaluation of competing design theories and for constructing
an IS operationalizing the design theory (theories) is discussed.

2.2.1. Theorizing in design science research

While the term theory is often used, little agreement on the components and structure of
a theory can be found (cf. Gregor [Gr06]). According to Popper a theory is a set of state-
ments of universal validity, that can be tested against observations of what occurs in the real
world [Po80, page 59]. Gregor distinguishes in [Gr06] five types of theories in IS: i) theory
for analyzing, ii) theory for explaining, iii) theory for predicting, iv) theory for explaining
and predicting, and v) theory for design and action. We refer to the last type of theory in
the remainder of the thesis as design theories. The notion of design theory was initially
presented by Walls et al., who defined a design theory as “a prescriptive theory based on
theoretical underpinnings which says how a design process can be carried out in a way which
is both effective and feasible” [WWES92, page 37]. Design theories are subject to ongoing
discussions in IS research (cf. Nunamaker et al. [NCP91], Markus et al. [MMG02], and Walls
et al. [WWES04]). Although theories of the types i) to iv) have been opposed by March
and Smith in [MS95] and Hevner in [He04] as outcomes of design research, we in line with
Baskerville and Myers [BM02] as well as Winter [Wi08b] advocate for design theories as ar-
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tifacts of design science research. While the purpose of a design theory is to support the
achievement of goals, these goal-orientation is missing in other theories, like the explanatory
or predictive theories typically originating from natural or social sciences.

While ‘traditional’ design science artifacts, in terms of March and Smith [MS95], provide a
situated solution to a specific problem in a defined context, design theories make prescriptions
how a class of problems can be solved (cf. Venable [Ve06b]). This class of problems represents
the problem domain of the design theory, whose problems are solved using corresponding
methods and concepts from the solution domain. In line with the argumentation of Hevner
et al. [He04] and our discussion on the influence of the organizational context on the design of
an organization-specific EA management function, we further introduce the context domain
that refers to the environment in which a design theory is applied. Based on the preceding
considerations, we provide a definition of the term design theory.

Definition: Design theory

A design theory is a prescriptive theory based on theoretical underpinnings which
says how a design process can be carried out to address an arbitrary problem from
the theory’s problem domain with a solution from the theory’s solution domain in
a way which is both effective and feasible in the given context from the theory’s
context domain.

As mentioned above, no common understanding on the components of a design theory cur-
rently exists. In [WWES92] Walls et al. propose seven components of a design theory, which
can be classified as either belonging to the design product or the design process respectively.
Figure 2.4 provides an adapted overview on the components and their relationships. Thereby,
a color-coding is used to differentiated between the design product-related components (blue
symbols) and the design process-related ones (red symbols).

The components related to the design product (highlighted in blue) are:

Kernel theories govern the design requirements and may be of a any type according to the
typization of Gregor in [Gr06], e.g. analytical, explanatory, predictive, and/or design
theories, often drawn from natural or social sciences.

Meta-requirements describe the class of problems to which the design theory applies.

Meta-design represents a class of artifacts hypothesized to meet the meta-requirements.

Testable design product hypotheses are statements that can be used to verify whether the meta-
design satisfies the meta-requirements. According to Venable in [Ve06b, page 4], the
testable design hypotheses can be applied on the meta and instantiation level. The
former means that the test verifies whether the meta-requirements are met by the meta-
design, while the latter refers to evaluating, if an instantiated design satisfies the instan-
tiation of the meta-requirements in a specific situated context.

Complementing the above list of design product-related components, the following constituents
(highlighted in red) are concerned with the design process:

Kernel theories govern the design requirements and may be of a any type according to the
typization of Gregor in [Gr06] often drawn from natural or social sciences. These kernel
theories may be different from those associated with the design product.
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Figure 2.4.: Components of a design theory according to Walls et al. in [WWES92]

Design process describes procedure(s) for constructing the design products. The term con-
struction should according to Venable in [Ve06b, page 4] be interpreted more abstract,
applying to a broad range of activities used to develop a particular, situated instantiation
of the meta-design.

Testable design process hypotheses are statements that can be used to verify whether or not the
application of the design process will result in a proper instantiation of the meta-design.

In 2004 Walls et al. revisited their contribution from 1992 as being well-founded but identified
some potentials for improvement [WWES04]. This argumentation, especially regarding the
structure of a design theory, was taken up by Gregor and Jones in [GJ07], who presented
an extended framework for an information systems design theory that targets prescriptive
theories for design artifacts. In line with the discussion of March and Smith [MS95] the
term design artifact is used in the remainder of the thesis to account for the plurality of
artifacts that are created by a design method. In their critical examination they identified
four issues regarding the framework proposed by Walls et al. in [WWES92] i) a lack of
clarity regarding the goal of a design theory, ii) omission of the mandatory ‘units’ (constructs)
and ‘system states’ (cf. Dubin [Du78]), iii) missing attention of design instantiation, and
iv) a possibly unnecessary distinction between kernel theories for design processes and design
artifacts. Against this background Gregor and Jones proposed eight components of a design
theory, of which the former six are mandatory while the last two are optional. These eight
components are introduced subsequently and mapped to the components as proposed by Walls
et al. in [WWES92].

Purpose and scope describe what the design theory is intended for, i.e., specifies the type of
artifact to which the theory applies and the scope or boundaries of the theory. It refers
to the goals and meta-requirements in the terms of Walls et al.
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Constructs are representations of the entities of interest in the theory, i.e., descriptions of
physical phenomena or theoretical terms of interest. The concept of constructs is not
referred to as a component of the design theory framework of Walls et al.

Principles of form and function represent the abstract blueprint, i.e., the principles that de-
scribe the structure and functioning of the design artifact. In terms of Walls et al. these
principles represent the meta-design.

Artifact mutability accounts for the fact, that design artifacts in rapidly changing domains
have to adapt to their changing environment. The artifact mutability represents the
degree of design artifact change that is prepared by the design theory. Wall et al. do
not consider this circumstance.

Testable propositions represent statements of truth about the design theory—testable hypothe-
ses state, whether the design artifact matches its purpose or whether the design process
correctly instantiates the design artifact. In this way, the testable propositions combine
the testable design product hypotheses and the testable design process hypotheses of
Walls et al.

Justificatory knowledge refers to the (possibly incomplete) base of explanatory knowledge on
which the design theory is grounded. The justificatory knowledge summarizes the two
types of kernel theories of Walls et al. used for justifying the meta-requirements or the
design process, respectively.

Principles of implementation represents the principles for applying the theory in specific con-
texts, i.e., the means by which the design artifact is created. The principles of imple-
mentation refer to the design process of Walls et al.

Expository instantiation describes an exemplary design artifact created by using the theory
that can assist in communicating and representing the theory. Furthermore, this design
artifact might be helpful for exemplarily validating the theory’s applicability. Walls et
al. do not explicitly account for such a concept.

Figure 2.5 shows an adapted version of the overview on components of a design theory as
introduced by Walls et al. (cf. Figure 2.4). The single components are labeled according
to the terminology of Gregor and Jones as discussed above. Again a color-coding is used to
distinguish between design artifact-related components (blue symbols), design process-related
components (red symbols), and elements resulting from the instantiation of the design theory
(green symbols).

2.2.2. The role of patterns for theory building

Reflecting the challenges of performing research in close cooperation with an industry partner,
Vaishnavi and Kuchler [VK04] coined the term community determined output, which delineates
that the expected level of abstraction in the research outcome is determined by the community.
In their publication the authors describe different levels of metaization, called abstraction, that
are applied to get from situated implementations (solutions) to design theories. Figure 2.6
illustrates the different abstraction levels, of which in particular the intermediary level of
knowledge as operational principles is of interest with respect to practice-driven research.
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Figure 2.5.: Components of a design theory according to Gregor and Jones in [GJ07]

While we cannot expect practitioners to abstract their implementations towards ’full-blown’
theories, knowledge sharing and communication processes within a group of practitioners leads
to abstracted representations of implementations on the level of operational principles. In this
sense, theory building in close cooperation with practitioners can harvest this knowledge as
operational principles instead of directly developing and abstracting theories from situated
implementations.

Documenting best practice solutions to recurring problems in a specific context, i.e., knowledge
on operational principles in the sense of Vaishnavi and Kuchler [VK04], by so-called patterns
is a commonly accepted way to facilitate knowledge abstraction and dissemination in design-
intensive domains. The idea of patterns originates from construction and urban planning
and was introduced by Alexander et al. [Al72, Al77, Al79b], who provided the subsequent
definition of a pattern [Al77, page x].

Definition: Pattern

Each pattern describes a problem which occurs over and over again in our environ-
ment, and then describes the core of the solution to that problem, in such a way that
you can use this solution a million times over, without ever doing it the same way
twice.

Since that time, related fields have successfully adopted the idea of patterns, e.g. software
engineering by Gamma et al. [Ga94], software architectures as presented by Buschmann et
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Figure 2.6.: Levels of abstractions of research outcomes according to [VK04]

al. [Bu96], or project management by DeMarco et al. [De08]. In all these disciplines patterns
describe operational knowledge gained from practice, i.e., patterns are neither invented nor
developed, but have been observed. Giving account to this fact, Coplien [Co96] establishes the
so-called rule of three, which specifies that a documented pattern must provide reference to
at least three known uses in practice. Prior to that an observed solution represents a pattern
candidate. Different ways to document a pattern, so-called pattern forms, have been developed
each delineating constituents and parts considered relevant. Whereas the Alexandrian form is
mainly narrative and comes without additional structuring, the canonical form of Buschmann
et al. [BHS07] designates the following constituents as essential elements of patterns.

∙ A pattern name, which identifies the pattern and makes it memorable, usable, and
distinct,

∙ an example illustrating the problem to be addressed by the pattern,

∙ a context description, representing the situations in which the pattern applies,

∙ a problem description, specifying the problem addressed by the pattern,

∙ a solution description, i.e., the elements of the solution design, their responsibilities,
relationships, and collaborations, and

∙ links to other patterns (see also), i.e., references to other patterns solving similar prob-
lems as well as to patterns, which help to refine the respective pattern.

Further detailing the above list of constituents Meszaros and Doble [MD97] propose a ‘meta-
pattern’, i.e., a pattern about patterns, which constitutes of a set of patterns for pattern
writing. Therein, they delineate two additional elements of a pattern—pattern users and
forces. The pattern users make the intended target community of a pattern explicit. The
concept of force is according to Meszaros and Doble defined as “contradictory considerations
that must be taken into account when choosing a solution to a problem” [MD97, page 535].
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Following this understanding of force, the solution as proposed by a pattern must explicitly
describe how forces can be resolved. Furthermore, Meszaros and Doble list several optional
elements of a pattern description, e.g. indications for the existence of the problem, a rationale
explaining the appropriateness of the pattern’s solution, aliases, i.e., alternative names under
which the pattern might be known, acknowledgments to thank people involved in pattern
identification or documentation, and the resulting context, i.e., “the context that we find
ourselves in after the pattern has been applied” [MD97, pages 536–537]. The latter element
is frequently alluded to as consequence in prevalent pattern descriptions [Ga94, Er08].

While the importance of patterns in closely related disciplines, as software engineering, is
unquestioned, the role of patterns in IS research is subject to controversies. In the discussion
and opinion section of the Business & Information Systems Engineering journal, researchers
and practitioners outlined their attitudes towards patterns for IS research [Wi09b]. Thereby,
special emphasis was put on advantages and disadvantages resulting from the practical nature
of pattern-based research. Discussants of non-academic provenience, as e.g. Keller, outline
that in particular the rule of three is in the academic context regarded as a lack of original-
ity, such that patterns are not understood as results of ‘true’ research. Challenging former
statements, Fettke and Loos argue that nowadays no distinction between reference modeling,
which according to Becker et al. [BDK07] is a classical topic and outcome of IS research, and
pattern identification should be made. Fettke and Loos go even further by stating that the
terms reference model and pattern have become interchangeable representing ‘two sides of the
same coin’. Reminiscing about the rule of three, we advocate for making a differentiation
between reference models, which are invented and developed and patterns as observed and
documented occurrences in practice. While two active and distinct communities each pro-
moting either term exist, current literature presenting IS research results frequently makes
use of terms like ‘good practices’ or ‘best practices’ to avoid the explicit classification of their
artifacts.

From a research perspective patterns can be regarded as coherent and self-contained design
entities that describe a solution to a specific problem thus we understand patterns as elemen-
tary design principles in line with Markus et al. [MMG02]. In this sense, it seems reasonable
for us to interpret patterns as pre-products of a design theory. Support for this interpretation
can be found by Schermann et al. [SBK07a], who establish a conceptual structure of pattern-
based design theories merging the pattern structure of Buschmann et al. [BHS07] with the
structure of a design theory according to Walls et al. [WWES92]. We subsequently revisit a
slightly adapted version of the contributions of patterns along the design theory framework
introduced in Figure 2.5, which is based on the idea to use patterns to represent and describe
knowledge as operational principles in terms of Vaishnavi and Kuchler [VK04].

Considering patterns as preliminary stage artifacts in abstracting design theories, we abstain
from making a direct mapping of pattern description elements and design theory components,
but exemplarily detail the relationships between patterns and design theories as proposed
in [BMS10k]. The example given in a pattern describes a situated problem in context from
the expository instantiation of a design theory. The context and problem descriptions from
a pattern contribute to the purpose and scope of the framework of Gregor and Jones in Fig-
ure 2.5. The solution provided by the pattern refers to the principles of form and function.
Furthermore, the see also section of patterns contains different kind of relationships (cf. No-
ble [No98]) which contribute to different components of a design theory. This links back to an
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idea presented by Alexander et al. [Al77], the idea of a pattern language, i.e., a system of in-
terrelated patterns. To illustrate the components that can be composed from the interrelated
set of patterns, three relationships are exemplarily introduced below and their contributions
for theorizing are detailed:

Refined by A refining pattern targets a similar problem and context as its ‘parent’, but provides
a more detailed solution model or outlines a broader variety of forces that have to be
balanced. Relationships of that type contribute to the artifact mutability in the design
theory, as they sketch possible trajectories for refining the design artifact.

Used by The usage relationship describes that and how a larger pattern, sometimes alluded to
as ‘umbrella pattern’, employs another pattern for solving a sub-problem of the umbrella
problem. Building on the usage relationship, it is possible to aggregate solution building
blocks into more comprehensive principles of form and function for a coarse grained
problem.

Variant A pattern variant targets a similar or closely related problem and context as the initial
pattern, providing a solution that not far differs from the original one. Relationships of
that type may help to refine the purpose and scope description by both broadening the
scope of the corresponding classes and raising further dimensions of distinction.

Furthering the idea of a pattern-based design theory building, other general components of a
design theory can be derived from patterns. The principles for implementation, for instance,
can be fairly general and show up as rules and guidelines for selecting and integrating patterns.
Justificatory knowledge can be derived from patterns related to the selected pattern. Similarly,
testable propositions are a by-product of pattern documentation, i.e., each pattern itself is a
solution model hypothesis3, stating that a specific class of problems situated in a distinct con-
text can be addressed by a solution. The formulation of a consistent set of constructs, however
is a challenge in developing a pattern-based design theory. While after careful revision, one
can expect that a single pattern employs a consistent terminology, inter-pattern consistency
of terms is usually not given.

In [BMS10k] we propose a four step approach for theory building based on patterns, which
requires the involvement of a partnering organization, consisting of the activities

Step 1 observe and document design patterns: Whenever at least three occurrences of a best
practice solution are observed, the solution is documented and refined in cooperation
with the industry partner, e.g. via so-called pattern workshops.

Step 2 elicit pattern terminology: Newfound patterns need to be compared with prevalent
patterns to identify synonyms and homonyms.

Step 3 devise pattern-relationships: Newfound patterns have to be incorporated into the ex-
isting knowledge base of patterns by defining relationships to already existing ones.

Step 4 derive terminological compatibility relationships: Two new types of relationships be-
tween patterns are introduced—linguistically compatible and linguistically di-

verse—to indicate that two patterns employ compatible or conflicting terminologies.

3While Gregor and Jones [GJ07] propose to define the testable propositions on a more abstract level, we
distinguish different types relevant for theory evaluation and theory building (see Figure 2.7). The latter
ones, the testable solution model hypotheses are of relevance in this context.
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The last activity explicitly accounts for the terminological issues discussed before. With
exception of the last one, the activities can be conducted in close cooperation with the industry
partner of the research project. This is especially true, as each activity outputs worthwhile
intermediary results that the partnering organization can readily re-use under the premise
that the research projects targets a problem of relevance for the partner. With the emerging
pattern language on the one hand and the indications of the patterns’ utility gained from the
application in the context of the partnering organization on the other hand, a researcher has a
solid and sound basis to finally devise a comprehensive design theory or a set of design theories.
At least during the final step of theory formulation, the formerly documented terminological
issues can be resolved in favor of a well-defined and grounded terminology.

Reflecting the above described influence of pattern-based theory building, we subsequently
propose a revised version of the framework delineating the components of a design the-
ory [BMS10k]. The framework builds on the work of Gregor and Jones and the explana-
tions of Schermann et al. in [SBK07a]. While the constituents described and presented by
Schermann et al. are largely identical to those presented above, the used terminology is
quite different and reflects the influence of pattern languages on theorizing in IS as discussed
in [SBK07a, BMS10d, BMS10k]. Table 2.1 gives a comparison of the different approaches as
provided by Gehlert et al. [Ge09, page 443]. In the table, we further highlight the terms used in
our design theory framework as presented in [BMS10k], which also represents the terminology
used in the remainder of this thesis.

Walls et al. Gregor and Jones Schermann et al.
[WWES92] [GJ07] [SBK07b]

Meta-requirements Purpose and scope Context and problem
Meta-design Principles of form and function Solution model
Kernel theories Justificatory knowledge Theory references
Design process Principles of implementation Design method

-1 Artifact mutability2 Pattern references
Testable hypotheses Testable propositions Consequences

-3 Expository instantiation (Instantiation)4
1 Walls et al. do not account for the concept of artifact mutability in [WWES92].
2 We use the term principles of adaptation in [BMS10k].
3 Walls et al. do not demand an expository instantiation in [WWES92].
4 Schermann et al. do not provide an explicit name for this concept in [SBK07b].

Table 2.1.: Existing approaches to design theorizing in IS research

Based on the work of Walls et al. in [WWES92] and the work of Gregor and Jones in [GJ07], we
subsequently propose a framework for design theories in IS, which uses a terminology hinting
to the pattern-based theory building as discussed above. Figure 2.7 provides an overview about
the components of the framework and details on the relationships between the components.
We thereby employ the color-coding outlined above, i.e., process-related constituents of the
design theory are represented by red symbols, artifact-related ones are represented by blue
symbols, and green symbols are used to represent elements resulting from the application of
the design theory, i.e., relating to the design artifact.
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Figure 2.7.: Components of a design theory according to Buckl et al. [BMS10k]

Our framework expands the aforementioned ones by detailing the application domain of the
design theory. Thereby, the situated problem in context represents the starting point for an
actual development process and the design artifact that addresses the situated problem
in a certain context and results from applying the principles of implementation. Following
Venable’s discussion in [Ve06b] on the different levels a testable hypotheses can be tested
on, we introduce two additional kinds of testable hypotheses, which complement the testable
solution model hypotheses of the meta-level. In contrast to Gregor and Jones who argue for
the amalgamation of testable hypotheses formulated on a more general level to target both the
design artifact and the principles of implementation in [GJ07], we regard the distinction to be
advantageous to support hypotheses testing focused exclusively on artifact or method aspects.
The concept of artifact evolution is added for reasons of completeness, as it complements
the artifact mutability that on the meta-level introduces the capability to adapt the solution
model to a changing environment. In addition, the component construct as introduced by
Gregor and Jones in [GJ07] is renamed to meta-concepts to avoid an ambiguous term,
which could be mixed up with the construct concept as part of the design artifact from March
and Smith in [MS95, page 253]. The meta-concepts form a conceptualization of the context,
problem, and solution domain interrelated by the design principle.
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2.2.3. The concept of design theory nexus

In [PHB08] Pries-Heje and Baskerville present the idea of a design theory nexus as means
to connect existing approaches, i.e., design theories, which provide competing4 solutions for
a problem domain. A design theory nexus not only connects competing design theories, but
further helps “decision makers in choosing which of the theories are most suitable for their
particular goals and their particular setting” [PHB08, page 733]. In line with this argumenta-
tion, Pries-Heje and Baskerville define the concept of design theory nexus as follows [PHB08,
page 733].

Definition: Design theory nexus

A design theory nexus is a set of constructs and methods that enable the construction
of models that connect numerous design theories with competing solutions.

Pries-Heje and Baskerville state that a design theory nexus is especially useful in cases of solv-
ing so-called [wicked problem]wicked problems or “ill-structured” design problems [PHB08,
page 732]. Ill-structured thereby refers to the criteria used to decide, if a design theory is ap-
propriate or suitable, namely the design goals and the design environment. Decision making
requires one or more criteria. Whereas it is easy to rank competing solutions against one crite-
ria, multiple criteria decision making heavily depends on the preferences of the decision maker.
Decision making becomes even more complicated, if asymmetric criteria are considered. Ac-
cording to Pries-Heje and Baskerville in [PHB08, page 736], asymmetric criteria are those
in which the criterion for selecting one design theory is entirely different from the criterion
related to a competing design theory. In other words, the competing design theories are not
alternatives with respect to a single set of criteria. While ‘classical’ contingency approaches
establish a static relationship between the structure of the problem and context to the solu-
tion techniques and assume that one set of criteria can be used to assess all approaches [Ba90,
page 62–64], they are not sufficient to provide decision support in a context with asymmetric
criteria as the EA management domain.

As already discussed in the motivating Section 1 designing and establishing an organization-
specific EA management function represents a wicked problem, for which a plethora of com-
peting design theories exist. Each of the theories thereby employs an implicit or explicit
description of the context in which it can be applied and the problems that are addressed. In
terms of Pries-Heje and Baskerville, these criteria (context and problem) represent asymmet-
ric criteria for which classic contingency-based approaches do not provide decision support. If
the concept of the design theory nexus is applied to a specific design problem via connecting
a respective set of design theories, this leads to what Pries-Heje and Baskerville call a de-
sign theory nexus instantiation. A design theory nexus instantiation for EA management
supports organizations in choosing a suitable EA management approach according to the or-
ganizations’ goals, i.e., objectives of the EA management initiative, and the corresponding
organizational context. In a design theory nexus, each competing design theory relates to one
or more criteria that is a prerequisite or beneficial for the application of the theory. Accord-

4Pries-Heje and Baskerville use the term alternative instead of competing. We abstain from the term alter-
native in this thesis in favor of the term competing as alternative is sometimes understood to be limited to
two choices representing mutually exclusive possibilities.
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ing to Pries-Heje and Baskerville in [PHB08, page 743], a design theory nexus instantiation
generally consists of the following five constituents:

Goals describe what the system is intended for, i.e., the problems according to the terms
introduced above (cf. Table 2.1).

Environment refers to contingencies, which are outside of the people involved, i.e., the context
of a design theory (cf. Table 2.1)

Competing design theories each refers to alternate design theories providing a solution to a class
of problems, i.e., the solution models provided by a set of design theories (cf. Table 2.1)

Design theory nexus defines the connection point at which the competing theories are bound
with realities into a design solution.

Design solution (design artifact) represents the result constructed from competing design the-
ories.

Figure 2.8 provides an overview about the components of a design theory nexus and illustrates
their relationships.
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Figure 2.8.: Components of a design theory nexus according to Pries-Heje and Baskerville
in [PHB08]

Revisiting our discussion on pattern-based theory building, the different backgrounds from
which design theories originate typically hamper the development of a common terminology.
The instantiation of a design theory nexus, which interlinks theories with different terminolog-
ical backgrounds has to establish relationships between the different meta-concepts denoting
terminological issues. Furthermore, relationships targeting the context, problem, and solution
domains of distinct design theories exist. Reusing the relationship types as defined by No-
ble [No98] and exemplified in Section 2.2.2, two design theories can be independent, conflicting,
or refinements. In a similar vein, theories can relate via the resulting and/or required context
that must hold to enable utilization of a theory. That is a design theory can be considered a
potential prerequisite to the application of another.
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The competing design theories, which form the input for such a design theory nexus instan-
tiation, can be described using the design theory framework illustrated in Figure 2.7. Subse-
quently, the construction of an instance of a design theory nexus according to Pries-Heje and
Baskerville [PHB08] is detailed. Each of the five steps is sketched below.

Step 1: Identify approaches In the first step, the available approaches (design theories, pat-
terns, solutions etc.) in the area under consideration are examined, e.g. via a literature
analysis.

Step 2: Analyze approaches In a second step the identified approaches are investigated for
explicit or implicit conditions, i.e., context and problem descriptions, which must hold
for the approach to achieve the highest utility. Here, it has to be noted that these
conditions might be unequal for any pairing of the theories.

Step 3: Formulate assertions The third step assesses the identified conditions for practical
relevance and formulates them as assertions.

Step 4: Develop decision making process In the fourth step, a decision making process building
on the assertions is designed.

Step 5: Develop tool Final step five combines the approaches, assertions, and the process into
a tool (the artifact), which supports the evaluation regarding the fit for each design
theory in a given situation.

While the first two steps of the described method for constructing a design theory nexus
instantiation represent analytic steps, the third step shifts the process to constructive design.
During the construction of a design theory nexus instantiation, the identified constituents of
a design theory are used, e.g. kernel theories provide an analysis framework for identifying
and analyzing existing approaches, or the meta-conceptualization provides a foundation for
the description of the approaches and assertions. The latter two steps of the construction
method can be performed on different levels of detail depending on the application area, i.e.,
the tool developed in step five, for instance, may be a spreadsheet-based calculation of the fit
for purpose or a sophisticated software tool providing dedicated support.

2.2.4. Information systems generators

In [WWES92, page 46] Walls et al. discuss different aspects of theory development as reflected
in the development method. Prominent in these discussions is the role of IS development,
which is regarded an essential cornerstone in devising a design theory. More precisely, Walls et
al. introduce the generalized concept of the information system generator, a configurable
IS that incorporates the essence of an underlying design theory, i.e., has the capability to
construct IS. In line with the explanations given by Walls et al. in [WWES92, page 46], we
define an IS generator as follows.

Definition: Information system generator

A tool incorporating the capabilities used to construct information systems derived
from an underlying theory of the development method they are intended to support.
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An information system generator reflects the prescriptions of a design theory and incorporates
the underlying principles of implementation as well as the conceptualization of the problem,
context, and solution domain. By configuring such a generator, the researchers apply the
design theory in the situated context, i.e., instantiate the theory’s meta-design into an ac-
tual design. In other words the IS generator creates an IS implementing the theory-based
solution, e.g. provides support for an organization-specific EA management function. An IS
generator can be used to exemplify the application of the design theory through the creation
of an expository instantiation and to support evaluation of the design hypotheses on instance
and meta-level. On the instance level the testable hypotheses are evaluated via expository
instantiations. On the meta-level, the testable implementation hypotheses can be evaluated
through the operationalization of the theories’ principles of implementation, which produce
testable artifacts, e.g. source code and operational models, that relate to the implementation
hypotheses. As we can assume that incorrect implementation hypotheses lead to inconsistent
artifacts, i.e., operating models, the testable implementation hypotheses can be evaluated, as
these inconsistent artifacts prevent an successful operationalization.

In [PHB08, page 737] Pries-Heje and Baskerville reference the idea of tool support for the
design theory nexus instantiation as “a package of elements that collectively embody the ca-
pability to build a specific DSS [decision support system]”. In line with step five of the process
to construct a design theory nexus instantiation they call for a tool support to manage the
amount of interlinked design theories that are incorporated into a nexus and to support nexus-
based decisions. While an IS generator is per design limited to a single design theory, tool
support for a nexus instantiation cannot directly rely on an IS generator. Thus, we further
the conception of an decision support system (DSS) of Pries-Heje and Baskerville [PHB08,
pages 736–737] to a tool supporting evaluation of competing design theories, i.e., a nexus-
based IS generator. Our nexus-based IS generator a) computes the appropriateness of a
particular design theory given the goals to be pursued and the environment description, i.e.,
the situated problem and context, b) keeps track of the interdependencies between already
selected design theories and theories applying to yet not covered goals, as well as c) supports
the integration of selected theories in a comprehensive solution. During the application of the
nexus-based IS generator, the designer can in a first step search the solution domain for ideal
solution models and integrate competing design theories. The results of this search are instan-
tiated in a second step to a design solution to operate in the specific context and the situational
problems. This adaptation is performed using the theories’ principles of implementation.

2.2.5. Synthesizing the research outcomes of this thesis

Developing a design theory nexus instantiation for EA management follows the explicit recom-
mendation of pluralism of theories as stated by Zelewski and Winter in a discussion on “funda-
mental research in business and information systems engineering” (cf. Winter et al. [Wi09a]).
This thesis aims at five distinct research outcomes contributing to a development method for
organization-specific EA management, which are subsequently detailed:

Meta-conceptualization for describing the context, problem, and solutions domain: In the prob-
lem and context domain, the meta-concepts provide a common terminology to describe
the goals and the organizational context of a situated EA management initiative. In the
solution domain, the meta-concepts provide a common terminology and a framework to
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describe the solution models. On the one hand, the meta-concepts provide the basis for
a comprehensive language to document and relate solution models to design an EA man-
agement function that can be operationalized. On the other hand, the meta-concepts
provide the basis for a comprehensive framework—the design theory nexus instantia-
tion for EA management—to select, assembly, adapt, and integrate solution models to
a comprehensive EA management function.

Design theory nexus instantiation: The design theory nexus instantiation describes the solution
models that the design theories provide for constructing a situational EA management
function. Thereby, each solution model corresponds to a distinct EA management goal
in a distinct organizational context. Based on the common terminology established by
the meta-conceptualization, each solution model defines steps to be taken, participants
in these steps, forces, and consequences. Furthermore, the meta-conceptualization is
employed to relate the different solution models based on the relationships identified
during the construction of the design theory nexus instantiation for EA management.

Method to develop and maintain the design theory nexus instantiation: Detailing the five steps
to instantiate a design theory nexus as proposed by Pries-Heje and Baskerville [PHB08,
pages 737–738], the method depicts how the design theories derived from various sources
are altered and linked in the design theory nexus instantiation. Well-grounded in the
terminological basis established by the meta-conceptualization, the method provides
techniques for adapting the design theories to the common terminology as established
by the meta-concepts. Further, the method describes guidelines on how to incorporate
newfound design theories in the design theory nexus instantiations using the concept of
pattern-based theory building and how the meta-conceptualization can be evolved and
adapted.

Method and techniques for applying the design theory nexus instantiation: The method and
techniques describe guidelines how a situational EA management function can be
developed or an existing EA management function can be adapted. Thereby the
enterprise-specific goals to be pursued and the organizational context of the associated
organization are taken into account. The method further provides techniques to inte-
grate the solution models to a comprehensive EA management function and adapt it to
the specific context of the associated organization. Creating an expository instantiation
the method applies the principles of implementation in practice, i.e., in the environ-
ment of an organization willing to use the design theory nexus instantiation for EA
management. In this vein, the steps taken to elicit the actual goals and organizational
contexts of the EA management endeavor are described. Complementingly, the method
describes guidelines on how relationships between solution models can be used to derive
possible evolution paths and adaptation scenarios as well as techniques to support the
transformation from the current state of the EA management function to the selected
new configuration based on solution models.

A nexus-based IS generator: The nexus-based IS generator as developed in this thesis presents
itself as a configurator for a highly configurable EA management tool. The resulting EA
management tool can be classified according to Matthes et al. in [Ma08, pages 344–346]
as a process-driven EA management tool that allows flexibly adaptation of the activities
making up the EA management function. The nexus-based IS generator incorporates
as basis the unified terminology provided by the meta-conceptualization of the solu-
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tion domain. The goals and organizational context descriptions from the problem and
context domain are represented in the generator and linked to methodical prescrip-
tions as exponents of the corresponding solution models. Implementing the principles
of implementation and adaptation the generator provides a wizard-based mechanism for
(re-)configuration.

2.3. Research method

The discipline of IS research is characterized by an ongoing discussion on the research methods
appropriate for the field of investigation [AK99, Le99]. Notwithstanding the importance of a
multi-method approach for the IS field, the paradigm of design science takes up a prominent
role especially in the German-speaking community of ‘Wirtschaftsinformatik’ [Ni06b, ÖWe10].
Thereby, the role of theory and theorizing for IS is still a topic of ongoing discussions, as
stated by Vaishnavi and Kuchler who phrased the issue as follows: “Even within design re-
search communities there is lack of consensus as to the precise objective—and therefore the
desired outputs—of design research” [VK04]. As already discussed in Section 2.2, we in line
with other researchers, e.g. Gregor [Gr06], Markus et al. [MMG02], Rossi and Sein [RS03],
Venable [Ve06b], or Walls et al. [WWES92], argue for the need of theories in design science.

In the light of the controversial role of design theories, it is not surprising that only a few
approaches exist, which target the development of such theories. Among them is the activ-
ity framework presented by Venable in [Ve06a] and in [Ve06b]. The framework embeds the
activity of theory building into the activities of problem diagnosis, theory application, and
theory evaluation. Figure 2.9 shows a slightly adapted version of the activity framework of
Venable [Ve06b, page 17], which is used to structure the work presented in this thesis. Minor
adaptations with respect to the naming are performed to reflect the combination of compet-
ing theories in a design theory nexus instantiation in contrast to the development of a single
design theory. Figure 2.9 relates each activity to the according chapter(s) of this thesis. In
addition, the color-coding introduced in Section 2.2 is used to demonstrate which chapters are
concerned with method-related (red), nexus-related (blue) contributions, or the application
thereof (green). According to Venable [Ve06a, page 185] a research program may contain any
subset of the aforementioned activities. As indicated by the arrows between the activities,
complete flexibility to move from one activity to another exists. In line with this understand-
ing, Venable argues for performing the respective activities in an iterative and cooperative
manner [Ve06a, page 185].

Developing an organization-specific EA management function forms a topic of high practical
relevance, which is beneficially approached from a design science perspective. In line with the
activity cycle of Venable [Ve06a, Ve06b] or the approach presented by Rossi and Sein [RS03]
such a research topic can best be faced by

∙ exploring and understanding EA or EA management-related problems (problem diagno-
sis in terms of Venable or identifying a need according to Rossi and Sein),

∙ designing an appropriate EA management function (application according to Venable or
the build step of Rossi and Sein),
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Figure 2.9.: The research activity framework of this thesis (based on Venable’s activity frame-
work [Ve06a, Ve06b])

∙ evaluating the performance of the EA management function in the corresponding orga-
nizational setting (evaluation in the terminology of Venable or Rossi and Sein), and

∙ revisiting the design theory used (the embedded activity of theorizing as discussed by
Venable or the steps learn and theorize according to Rossi and Sein).

Due to the complexity and scope of the research area, the last steps of evaluation and learn-
ing are hard to perform in the context of EA management, at least from the perspective
of a dissertation. As establishing an EA management function is a strategic and long-term
endeavor, conducting iterative research on the performance of the EA management function
in the time-frame of a dissertation is infeasible, especially as an EA management function is
intended to enhance the interaction between different enterprise-level management functions,
e.g. project portfolio, synchronization, and release management. While immediate outcomes
of EA-related projects can be analyzed, the improvement regarding coordination between
management functions is expected to have late effects, which require a long period of obser-
vation. Ross and Beath who proposed four maturity stages for the evolution of an EA man-
agement function, estimate that large organizations need about five years to evolve from one
stage to the next [RB06, page 185]. The research method targeting a development method
for organization-specific EA management functions and underlying design theory nexus in-
stantiation, accounts for this fact. Following the activity framework of Venable [Ve06a], we
subsequently detail the constituting activities of the research method which incorporates the
steps to construct a design theory nexus instantiation. Reflecting conflicts inherent to research
conducted in close cooperation with an industry partner, i.e., between responding to practi-
tioners demands and the methodological rigor required for academic contributions [Ga07], we
propose a slightly adapted version of Venable’s activity framework. Our activity framework
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combines the activities of applying and evaluating, incorporates the idea of the design theory
nexus instantiation to link competing design theories, and uses the process of pattern-based
theory building.

2.3.1. Problem diagnosis

In the problem diagnosis activity, we establish a comprehensive understanding of the class of
problems to which the design theories apply as well as of the context domain that constrains
the application area of the design theories. Problem diagnosis consists of three phases—
exploring the problem and context domain, structuring the domains, and meta-

conceptualizing the domains—for which no ordering exists, but which are carried out in
an iterative manner following a hermeneutic cycle. The intended outcome of the problem
diagnosis can be summarized as a set of problems (relating to the goals of the design theory
nexus instantiation) as well as a set of context descriptions (relating to the environment of
the design theory nexus instantiation), expressed in a well-defined terminology building on a
well-founded framework as well as a conceptual model of both domains.

In the activity exploring the problem and context domain, we identify recurring prob-
lems to which the design theory nexus instantiation should be applicable. In addition, we
collect typical contexts in which such problems occur. We investigate and interpret exist-
ing literature based on our initial knowledge base and extract relevant information shaping
the problem and context domain. We apply the technique of “enumeration of problems” as
outlined by Takeda et al. [Ta90, page 43] to revisit literature from researchers and practition-
ers illustrating cases of designing an EA management function. This technique can build on
different sources to explore the domain of possible problems. Furthermore, we incorporate
best practice knowledge, e.g. at a partnering organization, via observing and documenting
patterns. During the problem diagnosis, especially the problem and context descriptions of
the patterns are considered. Therein, we apply inductive techniques to generalize findings and
form a description of the corresponding domain. Together, the descriptions from literature
and practice outline the domain of possible problems and contexts in which the design theory
nexus instantiation can be applied. To conceptualize the class of problems and organizational
contexts, from the specific ones we use the method of “extracting case studies” as introduced
by van Aken [Ak04, page 232]. In reviewing existing literature in the field of EA management,
we infer, at least as far as possible, the epistemological and ontological assumptions under-
lying the described cases to ensure epistemological clarity. If necessary and possible, certain
conclusions or statements from literature might have to be reformulated with respect to the
thesis’ research design.

During the activity structuring the domains, we establish a conceptual framework that
helps to place the concepts from the different domains and reason on the completeness of
the domains’ descriptions. Thereby, we use kernel theories to complement the enumeration
of problems and contexts. The conceptual framework provides a high-level structure for the
two domains in the sense of Nunamaker et al. in [NCP91, page 635], who advocate for the
establishment of structuring principles as part of problem understanding. We further employ
the framework to additionally explore relationships between different problems and contexts.
The kernel theories used to structure the problem and context for designing an organization-
specific EA management function are discussed in Section 3.1.
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The activity meta-conceptualizing the domains aims at establishing a consistent termi-
nology of meta-concepts that represent classifications of relevant concepts from the problem
and context domain. The meta-concepts are based on the aforementioned structuring kernel
theories and on relevant generalizations as presented in the case studies from literature and
the observed and documented patterns from practice. The meta-conceptualization provides
a consistent terminological basis and enables the communication of statements by employing
inductive techniques to aggregate and generalize our findings.

As mentioned before, no defined ordering of the activities of the problem diagnosis exists.
Instead they are typically performed in an iterative manner. Following a hermeneutic cycle,
newly identified problems and contexts might cause a restructuring of the domains’ frame-
work and can call for an adaptation of the meta-concepts. This richer framework for the
problem and context domain might in turn support the exploration of additional problems
and contexts. During the iterative problem diagnosis, we especially account for the aspect
of relevance. Thus, relevance can be approached from two sides—relevance with respect to
the overall problem and context domain and relevance with respect to scientific research. Ex-
ploring the former aspect, one must keep in mind that any identified problem or context can
extend the problem and context domain and might change the subject of the design theory
nexus instantiation. Especially in the context of designing organization-specific EA manage-
ment functions, which forms a topic best to be approached in a multi-disciplinary manner, this
may lead to an all-embracing problem domain, which is extremely difficult to handle. Com-
plementingly, relevance of a newfound problem has to be assessed with respect to prevalent
scientific research. In other words, such a problem should form a “wicked problem” in terms
of Rittel and Weber [RW73], i.e., a problem in need for a (more effective) solution.

2.3.2. Nexus instantiation

In line with our understanding of designing EA management functions as wicked problems,
to which a design theory nexus can be applied, this activity refers to the instantiation of the
nexus and the pattern-based theory building process. Based on Venable’s theory building
activity [Ve06a, page 185–186] and the process to construct a design theory nexus instan-
tiation of Pries-Heje and Baskerville [PHB08, page 737–738], this phase is composed of the
activities of eliciting method requirements, investigating solution models, meta-
conceptualization the solution domain, and formulating assertions. Subsequently, we
describe each activity in detail and relate them to the procedure for pattern-based theory
building.

In the activity eliciting method requirements the development method and the underlying
design theory nexus instantiation are subject to further specification from a user perspective.
In particular, the expectations of the target users, i.e., enterprise architects, with respect to
the application of the development method and the creation and maintenance of the method
base is analyzed. As far as possible this analysis is performed against the background of
existing ad-hoc methods in this field. In addition, relevant theories and general requirements
on methods, method fragments, and a method base are revisited to elicit requirements.

The activity investigating solution models is concerned with revisiting the solutions de-
scribed by the identified design theories and observed and documented patterns. We again
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use extracting case studies (cf. van Aken in [Ak04, page 232]) to re-read existing literature
on designing EA management functions or constituents thereof. Complementing the theoretic
investigation, we use the pattern-based method for theorizing to incorporate occurrences of
best practice solutions. The identified solutions are gathered and used to develop solution
models, i.e., competing design theories for the design theory nexus instantiation. Similar to
the activity of problem diagnosis, we apply kernel theories to structure and investigate the
solution domain. This helps to provide a more generic understanding of the exemplary solu-
tions gathered in the exploration activity. In this respect especially theories from bordering
fields, e.g. (situational) method engineering, provide valuable input. The kernel theories of the
solution domain are discussed in Section 4.2. In the words of Hevner et al. [He04, pages 88–
90], the aforementioned process to develop appropriate solution models can be regarded as a
search process that iteratively broadens the search space to identify the most suitable solution
models.

During the activity meta-conceptualizing the solution domain we develop a conceptual
framework containing the meta-concepts to describe an EA management function complement-
ing the meta-conceptualizing of the problem diagnosis. We establish a basis for understanding
the solution models and the corresponding assertions with respect to the context and problem
descriptions. The meta-concepts provide a common terminological basis, which is particu-
larly important as the different solution models can originate from various sources thus also
employing different or even conflicting terminologies. This activity relates to the final step
of our pattern-based method, which is concerned with deriving terminological compatibility
relationships between patterns. The developed meta-conceptualization lays the basis to com-
pare, combine, and integrate the distinct solutions. Building the basis for the decision making
process of the design theory nexus instantiation, the meta-conceptualization further acts as a
conceptual framework in terms of Nunamaker et al. in [NCP91, page 635].

In the activity formulating assertions the solution models described using the meta-
concepts are interlinked via assertions. Thus, we establish three distinct types of assertions.
The context and goal assertions link the solutions to the problems and contexts identified.
We operationalize the assertions delineating applicability of particular solutions for dedicated
problem and contexts as specified by the design theories and patterns. The solution as-

sertions make explicit the dependencies and relationships between solutions, e.g. successor-
or predecessor relationships, based on the meta-concepts of problem, context, and solution
domain. Complementing, the general assertions reflect the requirements that any possible
solution for a particular problem needs to fulfill, i.e., describe beneficial and intended char-
acteristics of a general solution. The general assertions represent the requirements elicited in
the requirements elicitation

Again not only no defined ordering in which above activities should be carried out exists,
but Venable explicitly votes for an iterative process [Ve06a, page 185]. We propose to use a
hermeneutic method. Especially for the activities of investigating solution models as well as
formulating assertions and meta-conceptualizing an iterative method to foster the alignment
between the streams is beneficial. An iterative procedure is especially useful as the devel-
opment of new solution models and the formulation of assertions can call for the design of
more sophisticated meta-concepts. Complementing the domain knowledge, we employ kernel
theories to facilitate the reassessment of already developed artifacts against the background
of additionally grounding theories, thus leading to improved artifacts.
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2.3.3. Application and evaluation

In line with the argumentation put forward by Sein et al. [Se11, page 3], we advocate for a
stronger integration between the design research activities of building and evaluating. The
development method, more precisely its related solution models and techniques from the nexus
instantiation, are subsequently applied and evaluated in different ways. First, we develop a

nexus-based IS generator supporting the development method. In this vein, we perform the
final step of constructing a design theory nexus instantiation and follow the argumentation of
Walls et al. [WWES92, page 46], who advocate for the creation of a tool to show applicability.
Thus, we evaluate the nexus instantiations prescriptions and assess the fulfillment of the design
theory nexus requirements elicited during the nexus instantiation. Second, the design theory
nexus instantiation is applied and evaluated in practice. Partnering organizations apply the
development method to design an organization-specific EA management function suitable for
their specific problems and organizational contexts. Thus, the research outcomes are evaluated
in practice. Finally, the different assertions established with respect to the solution models
and their interplay with the problem and context domain are theoretically evaluated. The
theoretic evaluation is performed by using formal and informal arguments which show that the
assertions necessarily hold for all EA management functions created using the development
method and the underlying design theory nexus instantiation.

2.3.3.1. Developing an nexus-based IS generator

The activity developing a nexus-based IS generator is concerned with implementing the
development method and the underlying design theory nexus instantiation for EA management
into a prototypic tool. This tool supports enterprise architects in using the problem and con-
text descriptions as well as the assertions to develop an organization-specific EA management
function thereby enabling not only application but also evaluation thereof. The justification
and evaluation of the resulting artifact should according to Pries-Heje and Baskerville [PHB08,
page 742] focus on whether the artifact operates in the problem setting. A tool can be de-
veloped based on an adapted system development method as presented by Nunamaker et al.
in [NCP91, page 635–637]. Taking into account the activities of meta-conceptualizing the
problem and solution domains as illustrated before, the first step of the method of Nuna-
maker et al. can be regarded as completed, such that the activity of tool development can
start with the “development of the system architecture” [NCP91, page 636]. Therefore, user
requirements regarding tool support for the development method are elicited and derived from
the description of the problem, context, and solution domain. Via building the system, the
feasibility of the development method as well as the inner consistency of the underlying design
theory nexus instantiation and its meta-conceptualization is shown.

2.3.3.2. Application and evaluation in practice

Reflecting the relevance of the research topic in practice, we apply the development method
and the underlying design theory nexus instantiation in a practical setting, i.e., real cases
with industry partners participating in the research project. The activities of nexus-driven
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problem elicitation, nexus-driven artifact design, and nexus-driven evaluation as
defined by Venable [Ve06b]5 are performed.

During the activity nexus-driven problem elicitation, we use the meta-conceptualization
of the problem domain to elicit requirements for the development of an organization-specific
EA management function in a structured manner. The elicitation is performed on the one
hand at an organization willing to establish an EA management function in a developing
case study [Ak04, page 232]. On the other hand, we complement the aforementioned case
with an ex post analysis in an organization that has already established an EA management
function. While the former case represents the ‘usual’ application of the development method,
the latter approach reflects aspects of adapting, enhancing, or improving already existing EA
management functions. It encompasses the subtle complexity that many EA management
functions are established in an ad hoc manner without preceding problem elicitation leading
to functions that do not explicitly delineate the problems they are intended to address (cf. our
discussions in [Bu07d, Bu09b]). As discussed by Schermann et al. in [SBK07a], the problem-
solution relationship can be used to drive the elicitation phase. In this respect, the nexus-
driven problem elicitation should not be considered as a simple mapping from the situated EA
management problem of the organization to the problem domain of the design theory nexus
instantiation. In contrast, the problem elicitation explores the problem and context domain
described by the nexus instantiation also via relationships to corresponding solution domain
concepts in an inspired and iterative manner.

In the activity nexus-driven artifact design we develop an EA management function based
on relevant solution models, which are selected according to the precedingly elicited EA man-
agement problems and organizational contexts. Thereby, the context and problem as well as
the solution assertions as provided by the design theory nexus instantiation are used to identify
appropriate solution models. The principles of implementation of these solution models are
enacted into a coherent development method. In this vein, we develop an initial organization-
specific EA management function based on the meta-conceptualizations underlying the so-
lution domain, which is in a second step refined and adapted to the specific environment of
the organization, e.g. the participant descriptions are mapped to organization-specific roles.
Again, we perform the aforementioned steps both at an enterprise willing to establish an EA
management function, i.e., in a developing case study, as well as ex post at an organization,
which has an already established EA management function. In the former case, we execute
the ‘interactive’ elements in the principles of implementation in cooperation with stakeholders
from the enterprise. In the latter case, both the development method and the design artifact
are analyzed after the fact. Therefore, the necessary input for the assertions is reverse en-
gineered from design documents and existing method descriptions as well as from interviews
with the involved stakeholders. As a byproduct to the implemented solution, we produce a
design rationale as a second outcome, which details the decisions and assumptions that have
led to the final design. This rationale is of interest for the organization under investigation as
it can be helpful for the future evolution of the management function. The EA management
functions developed in this activity serve as expository instantiations (cf. Section 2.2.1)
of the design theory nexus instantiation. The nexus-driven artifact design can further be
supported by the nexus-based IS generator as described before.

5Venable originally used the term theory.
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During the activity nexus-driven artifact evaluation, we evaluate the designed EA man-
agement function with respect to its design artifact qualities, formulated as general assertions
on the solution. Therefore, we use qualitative and observational techniques to evaluate the
artifact based on different quality attributes. The design theory nexus instantiation and the
selected design theories provide helpful input for the evaluation, e.g. via the selected problems.
In addition to the findings from the developing case study, stakeholders of the EA management
function in the ex post approach can revisit the design decisions documented in the design
rational and provide subjective statements on the quality attributes. In line with Gehlert et
al. [Ge09, page 449] the aforementioned qualities can be regarded as outcome-oriented evalu-
ation targeting the of utility of the design artifact.

According to Hevner et al. [He04, page 85] an artifact can be evaluated with respect to
the quality attributes “functionality, completeness, consistency, accuracy, usability,” and “fit
with the organization”. The quality attributes functionality, completeness, and fit with the
organization relate to the outcome-oriented evaluations of Gehlert et al. [Ge09, page 449]
and can be assessed by observation. The outcome-oriented evaluation tests, if the solution
models are suitable and comprehensive with respect to the intended problem and context, thus
providing valuable statements helping to refute or support testable solution model hypotheses.
Completeness is achieved, if the design artifact “satisfies the requirements and constraints of
the problem it was meant to solve” [He04, page 85]. Evaluating consistency and accuracy is
part of the output-oriented evaluation, which may help to assess the appropriate instantiation
of the solution model elements, the quality of the principles of implementation and can
contribute to refuting or supporting the testable implementation hypotheses. While
the output- and outcome-oriented evaluations target the design artifact, the complementing
theory-oriented evaluation advocated for by Gehlert et al. [Ge09, page 449] directly aims at
evaluating the design artifact with respect to its underlying theory or the design theory nexus
instantiation. The latter evaluation is discussed in the next section as it contributes to an
evaluation from a theoretic point of view.

2.3.3.3. Theoretic evaluation

From the perspective of the design theory nexus instantiation, the designed EA management
function can be referred to as design artifact. In the theoretic evaluation activity, we eval-
uate the development method and the underlying design theory nexus instantiation from a
utilitarian perspective, i.e., we evaluate whether the development method is usable for creating
appropriate products. From a theoretical point of view, our evaluation is twofold: First, we
revisit the general research guidelines as proposed by Hevner [He04, pages 82–90] and second,
we investigate the different types of assertions formulated during the nexus instantiation activ-
ity. Therein, we theoretically analyze whether an EA management function designed using the
development method fulfills the general assertions ‘per design’. In particular the latter evalu-
ation refers to a theory-oriented evaluation type according to Gehlert [Ge09, page 449], which
analyzes whether in applying the theory an anomaly has arisen and the theory is suspect. In
this sense an anomaly might be any kind of inconsistency occurring during the application
of the theory’s prescriptions. Possible anomalies are an anomaly in the creation of a method
for situated EA management problems based on the theory’s meta-conceptualizations, an
assertion which does not hold, or an ambiguous or infeasible design step described in the de-
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velopment method or in the principles of implementation. While the occurrence of an anomaly
can help to refute implementation and solution model hypotheses, the absence of anomalies
hints towards the consistency of the development method, the underlying design theory nexus
instantiation, as well as the incorporated assertions and design theories.

Although the straightforward way, i.e., a successful application of the design theory nexus
instantiation to create an EA management function solving situated problems, supports the
assumption of a useful development method and underlying design theory nexus instantia-
tion, different levels of indirection call for additional evaluation techniques. This necessity
can concisely be explained along the different types of evaluation methodology presented by
Verschuren and Hartog [VH05, pages 739–741]. They distinguish between evaluating the

plan assessing the “quality of the design on paper” [VH05, page 739] by performing a logical,
ethical, and empirical check of the design requirements, the design assumptions, and the
structural specifications, the

process which is to “improve the process and via this the product, of designing” [VH05,
page 739] via qualitative methods, e.g. empirical ones based on sensory observation,
and the

product which is concerned with figuring out “whether the artifact helps in achieving the
goal” [VH05, page 740], thus a product evaluation is usually mostly summative, i.e.,
outcome-centric concluding in statements like satisfactory or unsatisfactory [VH05,
page 741].

As already reflected in the above distinction of evaluation types, Verschuren and Hartog [VH05,
pages 749–760] advocate for a staged evaluation during the development method. Performing
a ‘backtracking evaluation’, i.e., an evaluation of plan, process, and product evaluation in
reverse order, we aim at a more “formative” [VH05, page 748] perspective. We not only sense
deviations from the expected outcome, but also aim at discovering inappropriate or incorrect
steps in the development method or even in the plan that might have caused the deviation. The
distinct types of assertion, i.e., context, goal, solution, and general assertions, of the design
theory nexus instantiation relating solution models, problem and context descriptions are
subjected to an argumentative evaluation process. Using the design theories and patterns from
which the solution models, context, and problem descriptions have been derived, the assertions
are formalized in a first step. Therein, the design theories and patterns are considered as
already evaluated, i.e., are assumed to make correct prescriptions. In the second step, the
development method is traversed backwards. With a potential design artifact in mind, the
single steps of the development method are revisited to investigate the assertions from a
pre-conditions and post-condition perspective. Thus, we analyze which post-conditions of
the intermediary design artifact are expected to hold at some point within the method and
investigate the respective pre-conditions for the technique applied in the step. Finally, the
methods for developing and administering the design theory nexus instantiation are evaluated
based on the findings from the aforementioned investigation. We analyze, if the integration
of a correct design theory nexus instantiation and a correct design theory, results in a correct
combined nexus instantiation.

As mentioned above the theoretic evaluation is concerned with the identification of design
anomalies. To perform the theoretical evaluation, unexpected and unwanted behavioral and
structural properties of the design artifact as detected during the nexus-based artifact evalua-
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tion are described via instantiations of the meta-concepts. In a second step, the design theories
constituting the design theory nexus instantiation are searched for prescriptions targeting the
corresponding meta-concepts, as specifically also are the testable hypotheses that affect the
meta-concepts under consideration. From there, the solution models and the assertions are
traced to the respective context and problem prescriptions, which are subsequently analyzed
with the complementing solution model hypotheses. The hypotheses are complementingly tra-
versed in inverse causal direction from the effects to the causes, to seek for logical implications
that do not hold. During this traversal at first the testable implementation hypotheses have
to be analyzed and prescriptions from the principles of implementation have to be assessed.
If prescriptions as well as their underlying assumptions turn out to hold, and the hypotheses
cannot be refuted based on the application case evaluation, the traversal has to move on to
the level of the plan. Again the assumptions backing the solution model and the context and
problem descriptions underlying the plan have to be tested and support or refutation for the
solution model hypotheses should be looked for.

2.4. Summary of the research design

In this chapter we discussed the research design underlying this thesis. According to the
framework of Becker et al. [Be03, page 5] the research assumptions underlying this thesis, the
intended research outcomes, and the research method used are explored. Figure 2.10 provides
an overview on the ontological, epistemological, and linguistic assumptions underlying this
thesis, which have been motivated and justified in Section 2.1. Summarizingly, the positions
underlying this thesis are based on the ontological assumption of kantianism, accounting for
the existence of non objective elements, i.e., strategies, processes, or guidelines. This position
is reflected by the epistemological assumption of the thesis, which can be summarized as
consensus-oriented constructivism, which is complemented by the methodological structure
of the hermeneutic cycle, which addresses the complexity of the research subject—the EA
management function—by the utilization of different methods (cf. arguments for multi-method
research in [Ni06a, page 70]).

The objective of this thesis is to contribute to the field of developing organization-specific EA
management functions. We seek to establish a development method that builds on practice
proven solutions for developing EA management functions. This thesis focuses in particular
on the methodical aspect of the EA management function. The development method should
further be implemented in a corresponding tool-set supporting the users in developing an
organization-specific EA management function. Understanding the design of organization-
specific EA management functions as a wicked problem for which a multitude of practice
proven solutions for specific solutions and dedicated organizational contexts exist, we outline
how prevalent method prescriptions can be used, combined, and integrated to support the
development of an organization-specific EA management function. Therefore, we revisit the
notion of design theory as introduced by Walls et al. [WWES92] and furthered by Gregor
and Jones [GJ07], discuss the role of patterns and pattern languages as described by Alexan-
der et al. [Al77], and apply the concept of design theory nexus as proposed by Pries-Heje and
Baskerville [PHB08] to link the competing solutions and enable their selection and integration.
Referencing back to the above mentioned tool support we advance the idea of IS generators as
discussed by Walls et al. [WWES92] and the idea of a decision support system supporting the
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Figure 2.10.: The epistemological, ontological, and linguistic assumptions underlying this
thesis

application of the design theory nexus as discussed by Pries-Heje and Baskerville [PHB08] and
introduce a nexus-based IS generator supporting the users in the application of the develop-
ment method for organization-specific EA management functions. Recapitulating, this thesis
aims at the following five distinct research outcomes as discussed in Section 2.2 contributing
to a development method for EA management

∙ themeta-conceptualization for describing the context, problem, and solution domain,

∙ a design theory nexus instantiation,

∙ a method to develop and maintain the design theory nexus instantiation,

∙ a method and techniques for applying the design theory nexus instantiation,

∙ a nexus-based IS generator

Table 2.2 displays how the research outcomes relate to the contributions of the thesis as in-
troduced in Section 1.2. The symbol ( ) denotes a direct relationship between the research
outcome and the corresponding contribution of the thesis, while the symbol (#) in contrast is
used to indicate that the research outcome is not the primary source of the contribution. The
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structure of the thesis as presented in Section 1.3 follows the subsequently listed contributions
(see Chapter 4 to 6). The method to develop and maintain as well as the method to apply the
design theory nexus instantiation are subsumed in Chapter 5. Following Popper’s understand-
ing of science as the process of trying to refute theories [Po80], we in line with Schermann et
al. in [SBK07a] test our prescriptive statements of the theories through the development of
corresponding instantiations in Chapter 7.

Method
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Method
building
blocks

Configuration
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niques

Adminis-
tration
method
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ration
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Meta-
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 # # # #
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Table 2.2.: The contributions of this thesis and their relations to the research outcomes

Complementing the research assumption and the research outcomes, Section 2.3 presents
the the research method applied in this thesis to achieve the aforementioned research out-
comes. The research method of this thesis represents a synthesis of the activity framework
of Venable [Ve06b], the five-step approach to construct a design theory nexus instantiation
as described by Pries-Heje and Baskerville [PHB08], and our pattern-based theory building
process [BMS10k]. The synthesis results in a three step method containing the activities
problem diagnosis, nexus instantiation, and application and evaluation. Table 2.3 shows the
contributions of the aforementioned three sources to our synthesized method.

Activity
framework [Ve06a,

Ve06b]

Nexus
instantia-

tion [PHB08]

Pattern-
based theory
building

Problem diagnosis Problem diagnosis Step 1 & 2 Step 1 & 2
Nexus instantiation Theory building Step 3 & 4 Step 3 & 4

Application and evaluation
Theory application
Theory evaluation

Step 5

Table 2.3.: The research method of this thesis and contributing works
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CHAPTER 3

Analyzing the State-of-the-Art in Designing EA Management Functions

The research objective outlined in Section 1.1 needs to be critically reviewed against the
current knowledge base of EA management. The development of a design theory nexus in-
stantiation for EA management, requires up-to-date information on the state-of-the-art to
ensure, that the artifact designed and produced is sufficiently innovative [VH05, page 749]. In
this sense the subsequent research synthesis can according to Verschuren and Hartog in [VH05]
be seen as a first evaluation stage. As a plethora of different approaches to design the EA
management function exist, the aim of this chapter is to provide a firm foundation for advanc-
ing knowledge by summarizing the state-of-the-art. Thereby, theory development is facilitated
by closing areas where a plethora of research exists and by uncovering areas where research is
needed. Therefore, this chapter aims at performing an integrative research review targeting
existing EA management approaches and their configurability to organization specificities—an
area where according to our experience present approaches lack support.

To build on the existing knowledge base, we investigate the state-of-the-art in EA management
literature with respect to the proposed methods and typical configuration aspects relevant to
design an EA management function. Thus, we answer research question 2 (see Section 1.1).
The literature review uses a systematic approach, which is based on the method of hermeneutic
text comprehension as proposed by Gadamer in [Ga75] and follows the guidelines for literature
reviews promoted in [WW02]. In line with Webster and Watson in [WW02, page xiv] and
Bem in [Be95, page 174], we assume that “a coherent review emerges only from a coherent
conceptual structuring of the topic itself”. Therefore, relevant kernel theories from related
disciplines are presented subsequently and their impact on the context of designing an EA
management function is discussed. Based on these kernel theories we develop an analysis
framework, which builds the conceptual and cognitive background for the literature review.
Further, we detail the scope of the literature analysis to fulfill the guidelines as proposed by
Webster and Watson in [WW02].

Starting with an introduction to model theory in line with Stachowiak in [St73] and the ISO
Std. 42010 [In07], which provides a terminological basis for architectural descriptions, terms
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frequently used throughout this thesis are defined (cf. Section 3.1.1). we further call on
different theories to establish distinct perspectives on EA management, namely

∙ a design perspective presented in line with Simon [Si96] (see Section 3.1.2),

∙ a management perspective discussed in the sense of Deming [De82] or Shewart [Sh86]
(see Section 3.1.3),

∙ a knowledge management perspective derived from Probst [Pr98] (see Section 3.1.4), and

∙ a systemic perspective discussed in line with Beer [Be79, Be81, Be85] (see Section 3.1.5).

We briefly summarize these kernel theories in the following section and discuss their influence
on the design of an EA management function. Based thereon analysis criteria for the design
of an organization-specific EA management function are derived, which we use to establish
a conceptual evaluation framework in Section 3.2. In Section 3.3 prominent approaches to
design an EA management function are revisited against the background framed by the kernel
theories. The results of the analysis are summarized and discussed in Section 3.4.

3.1. Fundamental perspectives on methods for EA

management

Kernel theories govern the design requirements as well as the development method and there-
fore provide valuable input for an analysis framework to investigate the state-of-the-art in
a discipline. Development, design, and maintenance of architectures have a long history in
the engineering disciplines. Primary originating from construction engineering the objectives
of architecture—to be strong or durable (firmitas), useful (utilitas), and beautiful (venus-
tas) [Po96]—and their means have been applied to other disciplines to address challenges in
related domains (cf. Freestone in [Fr00] as well as Reussner and Hasselbring in [RH06]). One
of these disciplines is EA management. Architecture, thereby, is an intrinsic property of a
system (the enterprise) that cannot be neglected, while it, in contrast, is not necessarily docu-
mented, i.e., made explicit. This idea yields a delicate but central distinction of the two terms
architecture and architectural description that will reverberate through the remainder
of this thesis.

3.1.1. Modeling perspective: Model theory and the ISO Std. 42010

In 2007 the International Organization for Standardization (ISO) and the International Elec-
trotechnical Commission (IEC)1 provided a conceptual framework and terminology for discus-
sions on architectural descriptions, the ISO/IEC 42010: Systems and software engineering—
Recommended practice for architectural description of software-intensive systems. The con-
cepts introduced by the ISO Std. 42010 are discussed and defined in the following alongside an
example from city planning, an analogy frequently used in the context of EA management.

1The standard was initially released by the Institute of Electrical and Electronics Engineers (IEEE) in
2000 [IE00].
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Example 3.1: Interests in a system. A city can be understood as
an evolving and networked system of semi-autonomous systems with an
unbounded lifetime. People are involved in the system as they create,
manage, and finance it. Distinct people thereby have different interests
in the system, e.g. a city major is interested in the crime rate, birth rate,
the average age, while a merchant is interested in the traffic infrastructure
or the purchasing power of the residents, and the public utility company
is concerned with the power supply system or the sanitation. Specialized
city maps, which address the above stated interests, typically exist (see
subsequent figure, which shows the public transport system of Munich).

Specialized city map: The public transport system of Munich (Source
http://www.mvv-muenchen.de (last accessed 2010-08-25)

An enterprise in analogy with a city can be understood as a system, i.e., a “collection of
components organized to accomplish a specific function or set of functions” [In07, page 3]. In
line with the above example, an enterprise does not only consist of ‘things’, but involves the
people, e.g. employees, managers, or customers. To enable communication and discussion on
the construction of the organization among these people, a common conceptualization, i.e.,
model of the enterprise, has to be developed. For our subsequent discussions it is important to
distinguish between two different kinds of models—mental models, which relate to a person’s
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intuitive understanding and perception of the things (noumena), and explicit models2, which
represent conceptualizations made explicit via a defined modeling language (cf. our discussion
in [BKS10]).

Definition: Model

A model according to Stachowiak in [St73] has three essential characteristics:

Representation A model is always a model of something, namely a surrogate or rep-
resentation of natural or artificial originals, which can be models themselves.

Reduction A model commonly does not capture all attributes of it corresponding
original, but only those, which are relevant for the model creators and/or model
users.

Pragmatism Each model is made for a distinct time frame, a dedicated purpose, and
certain users.

Exemplifying the characteristics along our city planning example, the model of the public
transport system is considered in more detail. While this plan represents the reality as is
in our city, it simplifies reality, e.g. by skipping details on buildings, roads, or the natural
environment. By doing so, the model is dedicated to describing the currently existing public
transport system, i.e., is dedicated to potential users. These people, can thereby be regarded
as stakeholders, who have a certain concern, i.e., the how to get from point A to point B,
regarding the system. According to the ISO Std. the concepts stakeholder and concern are
defined as follows (cf. [In07, page 3]).

Preliminary definition: Stakeholder

An individual, team, or organization (or classes thereof) with interests in, or concerns
relative to, a system.

Definition: Concern

Concerns are those interests which pertain to the system’s development, its oper-
ation or any other aspects that are critical or otherwise important to one or more
stakeholders

During EA management a variety of different documentations, so called ‘views’, of the system
under consideration, i.e., the city map of our above analogy, are created and used to facilitate
the communication between the involved stakeholders, e.g. application owners, CxOs, or en-
terprise architects. Each view is an instance of a viewpoint, which defines a perspective on
the system, i.e., a selection of concepts relevant to a specific stakeholder, and their represen-
tation, i.e., symbols or texts. Both terms—view and viewpoint—are defined in line with the
ISO Std. as follows (cf. [In07, pages 3–4]):

Definition: Viewpoint

A specification of the conventions for constructing and using a view. A pattern or
template from which to develop individual views by establishing the purposes and
audience for a view and the techniques for its creation and analysis.

2Whenever we use the term model in the following, we refer to an explicit model.

56



3. Analyzing the State-of-the-Art in Designing EA Management Functions

Definition: View

A representation of a whole system from the perspective of a related set of concerns.

Architectural descriptions representing the architecture of a system or parts thereof are typ-
ically used in the engineering disciplines to plan, develop, maintain, and manage complex
systems. Similarly, existing approaches to EA management typically make explicit the arti-
facts, which are produced by the management function. In line with the ISO Std., we provide
the subsequent definition of the term architectural description (cf. [In07, page 3]):

Definition: Architectural description

A collection of products to document an architecture.

Figure 3.1 provides an slightly adapted excerpt3 of the conceptual model of the ISO Std.
42010 illustrating the relevant concepts as introduced above. In [BKS10], we provide formal
definitions for the concepts concern, view, viewpoint, and architectural descriptions, which we
will make use of in Chapter 5.

ArchitectureSystem of interest

Stakeholder

11
has

1

   1..*

is of interst for

Architectural Description

1

1

describes

11..*
contribute to

Concern

   1..*

   1..*

rises
1

1..*
addresses

Viewpoint

   1..*

1

addresses

View
11..*

realizes

  1

   1..*

contains

   1..*

   1..*

consists of

Model

Figure 3.1.: Excerpt from the conceptual model of the ISO 42010 [In07]

3In the ISO Std., multiplicities are not provided for all associations. We adopted the illustrated version
according to the textual descriptions.
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3.1.2. Design perspective: Simon’s the sciences of the artificial

In [RV08] van der Raadt and van Vliet call for understanding EA management as a design
activity targeting the enterprise in a comprehensive manner. One of the most prominent
and early works discussing design activities was written by Simon in [Si96], who provided
a more formal understanding of the activity based on the notion of mean-end-relationships.
Rephrasing this understanding, any design activity is subject to domain-specific character-
istics and relationships, so-called “natural laws” [Si96, page 3], that define how to connect
dedicated means to corresponding ends. Transferring this understanding to the context of
EA management, enterprise architects (designers), with a planned state (end) in mind, search
for the means by which the EA will achieve those aims under the natural laws pertaining to
the socio-technical system ‘enterprise’ as well as under artificial design constraints imposed by
existing governance structures. As part of this search the architects develop different scenarios
of intermediary planned states of the EA, which are evaluated with respect to the achieve-
ment of the desired end. The design activity may thereby be understood as a purely ‘mental’
one operating on a mental model of the enterprise also incorporating the according means-
end-relationships. In [Si96, pages 115–118] Simon calls for a more formal understanding of
design involving an imperative style of logic. In particular, he proposes to operationalize the
means-end-relationships behind any design problem into logical statements relating

command variables describing objects (architecture elements) that may be changed by design
activities,

fixed parameters describing architectural properties as well as environmental aspects that can-
not be changed by design activities,

constraints limiting the space of changes that can be made by a design activity, and a

utility function evaluating a designed architecture with respect to the (experienced) utility for
its stakeholders.

In terms of Simon the design of planned state scenarios to pursue can be reformulated as “given
the constraints and fixed parameter; find values of the command variables that maximize
utility” [Si96, page 117]. Every enterprise architect (as designer of the EA) uses a mental
model of the enterprise to plan and evaluate the corresponding design alternatives. This
mental model covers a specific concern in the overall architecture of the enterprise. Such
concern can on the one hand be identified with a specific conceptualization of the enterprise,
i.e., with a problem- and designer-specific classification of relevant elements of the enterprise,
and on the other hand commits to a specific filter determining which parts of the enterprise
are considered relevant [BKS10]. Two mental models as employed by two enterprise architects
can hence differ with respect to both the conceptualization, i.e., the classification of elements,
and the filtering, i.e., the selection of elements. To form the basis for a collaborative EA
management conducted by a group of enterprise architects and other stakeholders, these people
have to agree on a shared conceptualization. They have to be in one linguistic community,
in terms of Kamlah and Lorenzen in [KL67], to be able to communicate their architecture
understanding and collaboratively design as well as evolve the EA.

In the context of EA-related design activities more formal conceptualizations of the enterprise
are widely used to facilitate communication between different stakeholders. These conceptual-
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izations are reflected in corresponding EA modeling languages, more precisely their underlying
information models4. These models are conceptual models committing to an agreed con-
ceptualization of the EA or parts thereof as relevant with respect to the stakeholders and their
design problems. While a stakeholder perspective on the EA would be useful for structuring
the management subject, yet no comprehensive list of EA stakeholders has been developed
(cf. the discussion of Bender in [Be09b]). Therefore, we draw structuring principles from dif-
ferent sources while conducting the state-of-the-art analysis. The operationalization of Simon
in [Si96, page 117] provides a valuable foundation. In [Bu10b], we explore how the con-
stituents of EA-specific design proposition look alike and provide a framework, which defines
and relates

∙ the current state of the EA (command variables),

∙ the strategies and projects, which change the EA via affecting different constituents
thereof (means),

∙ the visions and goals describing the target state of the EA (ends),

∙ the principles and standards, which guide and constrain the evolution of the EA (con-
straints), and

∙ the questions and metrics assessing and evaluating a state of the EA (utility function).
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Figure 3.2.: Conceptual framework for EA design

Above framework builds on a distinction regarding the level of operationalization (mental
conceptualization vs. information model). Figure 3.2 outlines this framework and shows
how the different concepts can be related therein, which should accordingly be referred to by
a proposed method to design an EA management function.

4The meta-models backing an EA modeling language are in line with our past publications named information
models here (cf. [Bu07d]).
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3.1.3. Management perspective: The Deming wheel or Shewart cycle

Approaching the topic of designing an organization-specific EA management function, from
a management perspective as proposed by Harmsen et al. [HPK09, pages 162–163] or
us [BMS10j] results in analyzing of which activities the “art of getting things done” consists (cf.
quotation of Mary Parker Follett in van Aken [Ak05, page 26]). Although different definitions
of and approaches to management have been proposed in academic literature (cf. Koontz and
O’Donnell in [KO55], the St. Gallen Management Model in [UK72], or management by objec-
tives [Dr06]), these approaches usually encompass the following activities: plan, decide, realize
(via leading or directing), and control. Focusing on quality management, Deming [De82] and
Shewhart [Sh86] proposed an additional phase—act—representing a meta-activity to improve
the overall process. While abstaining from dedicating an own phase to decide, they propose a
management cycle consisting of the steps plan, do, check, and act (PDCA cycle) also known
as Deming wheel or Shewhart cycle. According to Deming in [De82, page 88] the PDCA cy-
cle is incorporated in any transformation project. The single phases of the PDCA cycle are
defined as follows. The plan step involves defining the problem as well as a hypothesis about
possible causes and solutions as well as deciding which plan to accomplish. The do step covers
the actual realization of the change and step check is concerned with observing the effects of
the change. Final step act initiates the learning and feedback via studying the results and
preparing the next iteration via improving the overall process.

Figure 3.3 illustrates the PDCA cycle emphasizing on the aspect of repetition, which according
to Deming in [De82, pages 88–89] is a fundamental principle of continuous management. In
other words, the final act phase is concerned with assessing the intended results of an iteration
and improving the overall process via adapting the other phases. While the above definition
may lead to an impression of sequentiality of the single phases, it has to be noted that in
reality the phases are typically conducted in an overlapping manner. Mapping the different
phases of the PDCA cycle to the context of EA management, the following main activities an
EA management function consists of can be identified:

Do

CheckAct

Plan

Figure 3.3.: The PDCA cycle according to Deming in [De82, page 88]

Describe & develop In this activity architectural descriptions of current, planned, and target
states of the EA are described and developed. The development of the target state in-
cludes the establishment of architectural principles and standards to guide and constrain
possible evolution paths of the EA. The current state of the EA describes the status quo
and has to be updated regularly. The planned states describe the changes performed on
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the current state as derived from possible project portfolio selections as well as roadmaps
illustrating the transformation of the EA. The describe & develop activity corresponds
to the plan activity of the PDCA cycle.

Communicate & enact In this activity EA artifacts are communicated and EA plans are en-
acted. Various ways how to enact exist, ranging from fairly non-interfering ways of
informing and communicating via enacting to enforcing. While an EA management
function realizes the developed plans via leading and directing, the communicate &
enact activity reflects the do activity in terms of the PDCA cycle.

Analyze & evaluate In this activity parts of the EA (in terms of different states or concern-
related excerpts) are analyzed and evaluated. Thereby, analyses can be performed to
evaluate one state of the EA, e.g. the current state to identify potential for improvement
as well as to measure the achievement of objectives. Similarly, planned states can be
analyzed and evaluated regarding the strategic impact of the transformation planned.
Furthermore, analysis and evaluation can be perform to compare two states of the EA,
e.g. a delta analysis between the current state and a planned state or between a planned
state and the target state can be performed. The analyze & evaluate activity mirrors
the check activity introduced by the PDCA cycle.

Configure & adapt In this activity the EA management function itself is assessed and im-
proved. To optimize the EA management function, the performance of the describe &
develop, communicate & enact, and analyze & evaluate activities is assessed and the
configuration of the different activities is adapted to better align to the enterprise’s con-
text and culture, as well as goals pursued by EA management. The configure & adapt
activity corresponds to the act activity in terms of the PDCA cycle.

An EA management function has to contain all the aforementioned activities and has to
provide suitable management methods.

3.1.4. Knowledge management perspective: The cycle of Probst

Trends as globalization, downsizing, rapid change, and perhaps the most important one—
the necessity of developing a company’s sustainable competitive advantage have considerably
increased the importance of knowledge management (KM) in organizations in comparison with
the past (cf. [PS06]). The main goal of KM is making an organization aware of the knowledge
it possesses so that it can make the most effective use of it (cf. Bennet and Bennet in [BB03,
page 440]). According to Probst, “effective knowledge management creates sufficient internal
and external transparency and supports employees in their knowledge-seeking activities” [Pr98,
page 21]. Therefore, most KM initiatives in organizations pursue one of the following aims—
making knowledge visible, developing a knowledge intensive culture, or building a knowledge
infrastructure (cf. Davenport and Prusak in [DP00]). Hafner and Winter argue in [HW08,
page 2] that an EA “serves as a transparent communication and design/evolution platform
between the various IT stakeholders (e.g. application development sponsors in business and
application developers in IT”. This statement puts emphasis on a key similarity between EA
management and KM as both disciplines involve information collection, communication, and
exchange. In this sense, typical characteristics of an KM approach are likely to also apply in
the context of EA management. Preparing more in depth analysis on this topic, we revisit
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a KM approach in the following. In line with an advice of Probst in [Pr98, page 18], who
stated that “While there is no single right model of knowledge management, there is a simple
criterion for evaluating any model: how useful is it in relation to a chosen question?”, we select
the most suitable one for our subsequent discussion5.

The KM cycle of Probst as presented in [Pr98, page 19] consists of eight typical activities that
are carried out to avoid knowledge problems. As the cycle forms on the one hand a compre-
hensive model for KM and is on the other hand explained in very detail, it is subsequently
sketched to provide the basis for the KM perspective on EA management. The KM cycle
actually consists of the following two cycles, of which Figure 3.1.4 gives an overview:

∙ an outer cycle consisting of goal setting, implementation, and measurement as well as

∙ an inner cycle detailing the implementation activity into the sub-activities of identifica-
tion, acquisition, development, distribution, preservation, and use

Implementation
Goal-setting

Measurement

Identification

Acquisition

Development

Preservation

Use

Distribution

Figure 3.4.: The KM cycle of Probst (cf. [Pr98])

Knowledge identification is concerned with determining the knowledge that exists in an orga-
nization, and relating this to the knowledge existing in the organization’s environment. The
activity increases transparency of knowledge, and may help to identify redundant as well as
missing knowledge. Knowledge identification can, if the number of knowledge sources to pro-
cess is abundant, resort itself to ‘critical’ knowledge as defined in the activity of goal setting.

Knowledge acquisition accounts for the fact that due to the growth of overall knowledge an or-
ganization is not capable to build up and maintain all needed know-how. Therefore, knowledge
is imported over different ‘import channels’:

∙ acquisition of companies holding the corresponding knowledge,

∙ stakeholder participation, e.g. by involving the customers of the organization,

∙ counseling by experts that contribute to the organization’s knowledge, and

∙ acquisition of knowledge products that foster the development of new knowledge (does
not directly improve the organization’s knowledge).

Knowledge development produces new knowledge on individual and collective level in a creative
process, which can only to a very limited extent be discussed from a management perspec-
tive. Multiple sociological and psychological theories center around this activity and may be
appropriate to study the process more in-depth. Linking back to the level of organizational

5See our findings in [BMS09b] for the discussion of the selection process.
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KM and organizational development, for example an ‘atmosphere of trust’ in the organization
is regarded as a prerequisite to effective knowledge development.

Knowledge distribution means making knowledge available across the organization. Put in
the words of Probst, as stated in [Pr98, page 25], knowledge distribution is about the critical
questions of ‘Who’ should know ‘what’, to ‘what level of detail’, and ‘how’ can the organiza-
tion support these processes of knowledge distribution? These questions account for the fact
that not everyone needs to know everything, as in contrast information overload might be as
detrimental as a lack of information. Concerning the activity of knowledge distribution, the
role of supporting tools and techniques should neither be underestimated nor overestimated.
Useful and broadly accepted tools, and widely employed techniques can help to facilitate in
the same ways as dysfunctional tools and not well adopted techniques can hamper effective
knowledge distribution. As user acceptance is crucial for a tool or technique being an effective
distribution facilitator, many organizational and non-technical issues have to be concerned
regarding knowledge distribution.

Knowledge use forms the actual purpose of KM and refers to the application of knowledge in
the production process of an organization. With respect to the later focus on EA manage-
ment, which is no production process, the above statement can be reformulated as follows:
knowledge use refers to the application of knowledge in the purpose-generating process of an
organization. Here again, tools and techniques can be applied as facilitators; this is not sur-
prising as especially in knowledge-intensive processes the borders between distribution and
use are sometimes unclear. Notwithstanding, knowledge use should explicitly be accounted
for, as the goal setting activity purposefully targets the use activity.

Knowledge preservation is concerned with avoiding the loss of valuable and purpose-relevant
expertise in an organization. While tacit knowledge is more often subject to loss, e.g. due
to an expert leaving, also explicit knowledge has to be preserved. Probst refers to outdated
storage systems as ‘dead storage systems’, colloquially stating that a storage system, which is
not longer maintained, may cause knowledge loss as well as a leaving expert. Techniques and
tools used for knowledge distribution can also be helpful for knowledge preservation.

Complementing the inner cycle of knowledge implementation, two more activities constituting
an embracing and sustainable KM exist. Goal-setting, i.e., , the development of knowledge
goals, establishes a conceptual framework for organization-specific KM. The knowledge goals
determine which capabilities should be built on which level. Different levels of abstraction
with respect to the formulation of goals can be distinguished. Most important for the subse-
quent considerations are the levels of ‘strategic knowledge goals’ and ‘operational knowledge
goals’. While the former goals describe a long-term vision of the knowledge portfolio of the
organization, the latter goals operationalize the vision, i.e., , translate it into action. Making
the knowledge goals explicit is regarded highly important to control the evolution of KM.

Knowledge measurement is concerned with measuring to which extent the knowledge goals
have been fulfilled during the implementation activity. As knowledge is an intangible resource,
indicators and measurement processes are hard to establish. To some degree the operational
knowledge goals can be formalized such that they can help to objectively assess certain as-
pects of KM. Nevertheless, a commonly accepted way to measure knowledge has yet not been
established, such that managers concerned with KM activities have to rely on their subjective
perception of goal fulfillment. Additionally, surveys on user satisfaction with knowledge ac-
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cess in distinct areas, which reflect certain knowledge goals, can be helpful during knowledge
measurement.

Preparing the subsequent analysis, the KM model of Probst (1998), more precisely its ac-
tivities, are mapped to the application domain of EA management. To ground the mapping
in the application domain, the outer cycle’s activities of KM are mapped, starting with the
implementation activity. This activity can be identified with the core of EA management i.e.,
, with the “continuous management function seeking to improve the alignment of business and
IT [..] of an organization”. This part of the preliminary definition of EA management (as
discussed in Section 1.1) sketches the main goal of implementing EA management. Contin-
uing with the activities from the outer cycle, both knowledge measurement and goal-setting
can be identified with the aspect of ‘self maintenance’ of the EA management function, i.e.,
EA management governance. More precisely, an effective and continuous EA management,
established as a management function within an enterprise, must define the part of the over-
all architecture of the enterprise that it covers. This can be understood as goal-setting, i.e.,
, defining which knowledge about the architecture is needed; multiple EA management ap-
proaches target this topic (for an evaluation of existing approaches see [BMS09b, BMS10e] or
Struck et al. in [St10c]). The knowledge measurement closes a feedback loop in this respect by
assessing to which extent the knowledge goals could be satisfied. Put in the EA management
terminology, the measurement activity assesses, if the architecture concepts defined as relevant
during goal-setting have adequately been considered. This provides input for revisiting the
knowledge goals, if e.g. albeit a good coverage of relevant architecture concepts, an increased
alignment between business and IT could not be achieved. In line with the KM perspective
on the design of an EA management function, existing approaches should provide methods
and means especially for the activities of the outer cycle of goal setting and measurement.

3.1.5. A systemic perspective: The viable systems model

In line with Harmsen et al. in [HPK09, pages 168–170], Wegman in [We02], Pulkinnen
in [Pu06], and the above definition of an organization as a socio-technical systems, i.e., a
collective of human participants, processes, and technology jointly engaged in purposeful ac-
tivity, we revisit the theories of the viable systems model (VSM) to derive analysis criteria for
the state-of-the-art review.

The VSM, developed by Beer [Be79, Be81, Be85] provides a framework to describe complex
systems that have to survive in a changing environment. According to Beer such systems
consist of five interacting subsystems—operation, coordination, control, planning, and identity.
The VSM has beneficially been applied in various contexts, e.g. project management [BP93]
or organizational modeling (cf. [EH89, BC96]). The VSM can be used according to [BC96]
as a tool to support an enterprise during the implementation of large scale organizational
change. Whereas, a definition and description for each of the systems of the VSM is given in
e.g. [Be79] no such common understanding about the constituents of the EA management
function exists. Therefore, the five subsystems of the VSM are subsequently detailed in an
EA management context and used to derive implications on the main constituents of an EA
management function.

System one—operation—contains the primary activities of the system under consideration,
which directly interact with the environment. In the context of EA management these pri-
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mary activities should be identified with the enterprise-level management functions introduced
in Section 1. The enterprise-level management functions form the system that changes the EA
via projects, which have been initiated in the demand management, aligned in the strategies
and goals management, selected in the project portfolio management, scheduled in the syn-
chronization management, and realized with standards from the IT architecture management.
A description of the function of EA management therefore must consider the role of related
enterprise-level management functions.

System two—coordination—includes the information channels and bodies, which ensure that
the primary activities of System one work harmoniously in coordination. EA management, as
introduced above, provides a common basis and the means for communication between the
various stakeholders with business and IT background involved in the enterprise-level man-
agement functions. Therein, especially visualizations to support communication are used and
exchanged between the different enterprise-level management functions to coordinate their
activities. All project proposals originating from the demand management for example, are
used as input to create possible planned landscapes to prepare the project portfolio man-
agement [Wi07, Ma08, Bu09f, BMS09c]. Accordingly, a description for the EA management
function should emphasize on the communication task.

System three—control—represents the structures and controls, which establish the responsi-
bilities and rights to maintain the resource allocation of the operating system System one.
Thereby, System three monitors the primary activities as well as the communication and co-
ordination tasks of System two and adapts them according to the holistic view on the primary
activities. If, for example, newly agreed standards from IT architecture management are not
available for the project portfolio management, the projects considered therein cannot be
checked for standard compliance. System three should therefore set up a structure e.g. an
intranet, where the standards can be viewed and communicated to the corresponding stake-
holders. System three can be referred to as reactive EA management and should be considered
in the description of the management process.

System four—planning—contains the EA intelligence function. The system is concerned with a
holistic and future-oriented perspective to support strategic decision making. Whereas System
three is capable of dealing with immediate effects, System four focuses on future aspects, which
emerge from the system’s environment and also considers strategic opportunities, threats, and
possible future directions. Typical processes in System four in the context of EA management
include the analysis of the status quo of the architecture, the development of a target archi-
tecture representing the envisioned state in the future, and planning the transformation of the
enterprise to pursue the target. Alongside the reactive aspect, an EA management approach
must cover the aforementioned proactive aspect, containing a vision how a possible target
enterprise should look like.

System five—identity—is responsible for managing the overall policy decisions. It should pro-
vide clarity about the overall direction, values, and purpose of the system under consideration.
The main goal of System five is to balance present and future efforts, and to steer the system
as a whole. In the context of EA management, System five addresses concerns like the scope
and reach of EA management. Typically, a piloting project is performed in the initial phase
of an EA management endeavor, e.g. starting with a limited number of concerns, e.g. compli-
ance issues, availability aspects, or with restricted reach e.g. within one business department.
Nevertheless, after the initial phase, when the EA management has matured and become
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more adopted, an EA management governance is established to redefine EA management
scope and reach. Accordingly, the EA management governance aspect should be part of a
description of the EA management function.

Summarizingly, the Systems one to three can be regarded as managing the ‘inside and now’ of
the EA whereas System four and five manage the ‘outside and future’ of the EA. In the
context of EA management, the former systems relate to the operative EA management
tasks—‘running the enterprise’—while the latter ones consider the strategic EA management
tasks—‘changing the enterprise’. The application of the VSM to the EA management process
as described above is illustrated in Figure 3.5.

System five
EA management 

governance

System four
Proactive EA 
management

System three
Reactive EA 

management

System one
Enterprise-level 

management 
processes

System two
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Figure 3.5.: Applying a viable system perspective to EA management

The systemic view on EA management is further complemented with the concept of the
algedonic signals from the VSM. These signals, originating from Systems one to three, provide
an alerting mechanism, which is employed, if one of these systems is not able to perform as
intended in the current situation. Such a signal is propagated to System five, which in response
can adapt the overall management function and can provide guidance to maintain the identity,
i.e., the purpose of the EA management system. To exemplify these considerations, one may
think of an EA getting increasingly heterogeneous albeit a standardization board has been
established. At the point, this board notices that it has no means to counteract the tendency,
an alert is escalated to the EA management governance. The governance function then has to
e.g. either empower the board to stop non standard conform projects, to enact the envisioned
homogenization, or to rise the question, if standardization is still a goal that should be pursued
with the EA management endeavor in the future.

From an systemic perspective an approach to design an EA management function should
include method descriptions mirroring the tasks of the five systems as well as provide method
descriptions to handle algedonic signals in an appropriate manner.
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3.2. Framework for analyzing EA management methods

As extensively discussed above, the design of the EA management function can be approached
from multiple perspectives. Besides the area of management in general further related research
topics exist, from which analysis criteria for our review can be derived. In line with the under-
standing of EA management as methodical and language-based means to develop and evolve
the overall architecture of an enterprise, we subsequently analyze different EA management-
related approaches as outlined in scientific literature with respect to the provided methods
for designing an EA management function. The complementing analysis results relating to
language aspects is published by us in [BS11]. Thereby, the cognition and comprehension of
the subject is driven by the different perspectives on the design of an EA management func-
tion as described in Section 3.1, i.e., we derive analysis dimensions from the above discussions
focusing on the method part of EA management in the following.

Beside the analysis of the method-specific prescriptions made by the different approaches,
each approach is shortly summarized in a fact sheet. In this sheet general information on
the approach is provided, such as name, issuing organization, dedicated tool support,
period of activity and the corresponding list of publications. Thereby, the period
of activity starts with the first publication of the group that can be ascribed to the area
of EA management. Two additional characteristics are described in any fact sheet. The
focus area relates to the method-language dichotomy of the development method of EA
management. Existing approaches typically can be characterized to either emphasizing on
languages or methods for EA management. The embracing nature of the management
subject with floating boundaries to related management areas as strategic IT management,
as well as the corresponding function further influences the way in which an approach can
be presented. Regarding each approach in itself as one (composite) artifact, the approaches
may strongly differ with respect to their inner organization. In detail, an approach may be
presented as one comprehensive monolith without an apparent inner structure, but may
further be composed of different, clear distinguishable components. In the latter case two
forms of organization may be distinguished, namely an explicit organization, in which
the components establish explicit links to each other or an implicit organization, where
the components are grounded in a unified and linking terminology.

Besides the general fact sheet, the perspectives on EA management as introduced in Section 3.1
motivate different analysis dimensions to characterize existing EA management approaches.
These dimensions are introduced subsequently and complemented by possible characteristic
types of EA management approaches.

Analyzing integration

Taking a systemic perspective, the EA management function does not exist as an isolated
management function in an organization but is embedded into the context of other enterprise-
level management functions as project portfolio or strategy management (cf. system one
of the VSM). The successful management of the EA is in this sense inevitably connected
with linking these management functions, i.e., defining the tasks, means, and triggers for
the exchange of management-relevant information. From this perspective, we classify the
existing approaches according to their level of ‘integration’ in approaches that do not provide
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mechanisms for integration, i.e., which do not account for information exchange with other
management functions, and

∙ approaches that provide unidirectional integration mechanisms. An EA management
function according to such an approach describes the information source, i.e., manage-
ment function. Information on the exchanged content, triggers, and tasks can optionally
be supplied. Thereby, the EA management function is limited to one direction of ex-
change either being a receiver or a sender of information.

∙ approaches that provide bidirectional integration mechanisms. An EA management
function according to such an approach describes the originating or targeted management
function, i.e., acts as receiver as well as sender each in at least one case. Information on
triggers, tasks, and the exchanged information can also be supplied.

Analyzing develop & describe

Central prerequisite for EA management are means to understand the management body—the
EA—in a problem-adequate manner. Such means are EA descriptions and plans of the EA or
parts thereof, i.e., models of different types. In line with the plan phase of the PDCA cycle,
the dimension develop & describe comprises different tasks aiming at the creation of EA
models of different architectural states, i.e., current, planned, and target states. Rephrased in
the words of knowledge management, the objective of the activity is to make tacit knowledge
explicit. Besides the architectural states, principles, and standards guiding future evolution
of the EA by constraining the solution space (cf. Simon’s design of the artificial) are relevant.
Complementing, the activity is concerned with the concretization and documentation of ques-
tions as utility functions that apply on different architectural states. The method descriptions
of the approaches can be complemented by participants involved or responsible for the differ-
ent tasks. Detailed against the different objects, we characterize the methods provided by the
different approaches as

∙ approaches describing the current state. An EA management function building on
such an approach describes tasks and steps for documenting the current state of the EA.
Describing the current state, thereby not only relates to an initial information gathering
but instead refers to tasks and steps for maintaining the initially gathered information.

∙ approaches developing a planned state. An EA Management function committing to
such an approach describes tasks and steps to be taken for developing planned states
for an EA from projects, more precisely the architectural changes performed by these
projects.

∙ approaches developing a target state. An EA management function based on such
an approach describes tasks and steps for developing target states of an EA, i.e., to
formulate architecture visions. Optionally these steps can describe how the target state
can be derived from the strategies of the enterprise, namely the business and the IT
strategy.

∙ approaches developing EA principles. Approaches of that kind describe tasks and steps
that can be taken to devise organization-specific development guidelines, i.e., principles
and standards, and to document these guidelines. Optionally these steps delineate how
the principles can be derived from strategic input, as e.g. the business or IT strategy.
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∙ approaches developing EA-relevant questions. An EA management function building
on such an approach describes tasks and steps to commit a set of EA-relevant questions,
i.e., methods for agreeing on an understanding of ‘better’ and ‘worse’ with respect to
EAs. These questions may be formulated on a fairly abstract level.

Analyzing communicate & enact

Using the terminology of KM, knowledge distribution is frequently discussed in literature as
a the communication challenge of EA management (cf. Lankhorst in [La05, pages 67–82] or
Schekkerman in [Sc06d, page 88]). In line with that understanding an approach for EA man-
agement must cover the topic of communicate & enact, which maps to the do-phase of the
PDCA cycle and the system two of the VSM. We analyze, whether the approach describes
steps to be taken and tasks to be performed to communicate EA-related information to the
corresponding stakeholders. Complementing the communication nature of EA management,
we further analyze, if the approach delineates tasks that may be applied to govern projects as
the implementors of organizational change and enterprise-level management functions accord-
ing to EA plans, visions, and principles. Detailed onto the level of the different classification
this means:

∙ approaches communicating the current state. Approaches of that kind describe steps
and tasks for communicating the current state of the EA, or resort to the provision of
visualizations together with a statement on the corresponding stakeholders.

∙ approaches communicating and enacting planned states. An EA management function
building on such approach describes tasks and steps for communicating planned states,
or delineates visualizations and their corresponding stakeholders. Further, tasks and
steps for enforcing architecture plans in related management processes may be given.

∙ approaches communicating a target state. An EA management function committing
to such an approach describes tasks and steps for communicating target states of the
EA, or describes visualizations for doing so as well as the corresponding stakeholders.

∙ approaches communicating and enacting EA principles. For the communication of prin-
ciples an approach should describe steps and tasks or provide structured templates for
communicating principles together with information on the intended audience thereof.
Enactment mechanisms for principles, i.e., via dedicated steps in planning functions like
quality gates, are further described.

∙ approaches communicating EA-relevant questions. Approaches of that kind describe
uniform templates for communicating questions and link these to the relevant stakehold-
ers. Instead of doing so the approaches may delineate steps and tasks for communicating
putting special emphasis on the informed stakeholders.

Analyzing analyze & evaluate

In the course of developing future, i.e., planned and target, states of the EA different alter-
natives for implementation may be developed and have to be analyzed to make an informed
decision. Mapping the check phase of the PDCA cycle to the EA management context, a
comprehensive approach must in this respect cover methods and responsibilities concerned
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with analyzing architecture states and plans as well as for comparing different states of the
EA. Regarding the corresponding state, we classify to

∙ approaches analyzing the current state. An EA management function building on
such approach describes steps and tasks to be taken to (collaboratively) analyze the
current state of the EA with respect to given goals and principles. In this context
the stakeholders of the corresponding analyses may be denoted and responsibilities for
performing the analyses may be specified.

∙ approaches analyzing planned states. An EA management function building on such
an approach describes which steps and tasks are necessary for analyzing planned states
and may optionally specify the addressees of the analyses as well as the responsible
participants. Goal- as well as principle-based analyses are expected mechanisms here.

∙ approaches analyzing a target state. For analyzing target state especially expert-
based analysis techniques are to be described. Such techniques, more precisely the steps
and tasks performed therein, are necessary to evaluate a target state with respect to
principles and goals.

∙ approaches performing comparative analyses (delta analysis) targeting two states. Ap-
proaches of that kind provide steps and tasks for comparing different EA states high-
lighting the corresponding differences and similarities. Comparisons between current
and target states, planned and target states, as well as between different planned states
are of interest here.

Analyzing configure

An EA management function is an organization-specific artifact, i.e., has to be ‘configured’ to
fit the organizational context as well as the intended scope and reach, i.e., the goals pursued (cf.
goals setting of KM). As not any kind of implementing a management activity is suited in every
context and for every intension, an EA management approach supporting its configuration
must supply mechanisms to specifically design an EA management function with respect to
the goals pursued and the organizational context, which surrounds the management function.
With the distinction between context on the one and scope and reach, i.e., goals pursued, on
the other hand, we classify each approach as follows:

∙ approaches providing no mechanisms for configuration. Approaches of that kind do not
regard EA management as organization-specific or make prescriptions on an abstract
level abstaining from organizational implementation.

∙ approaches providing mechanisms to configure the EA management function to the or-
ganizational context. Configurable approaches of this type delineate organizational
contexts, e.g. management structures that are beneficial or detrimental for some of the
provided management methods. In other words, these approaches describe organiza-
tional contexts and link them to tasks, steps, and responsibilities.

∙ approaches providing mechanisms to configure to scope and reach. Approaches that
are configurable to an organization-specific scope and reach, i.e., the goals pursued by
the EA management endeavor link tasks, steps, and responsibilities to the specific man-
agement goals that are considered helpful for pursuing.
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Analyzing adapt

Complementing the PDCA-cycle, the act phase has to be mapped to the EA management
context. With the ongoing change of the organization itself as well as its environment, the
EA management function may need to be ‘adapted’ as well (cf. discussions on the system five
and algedonic signals of the VSM). Further, the need to adapt the EA management function
may arise from the successful implementation of such function in the enterprise, which calls
for an increased reach of the function. In the latter sense the adaptation reflects an increased
level of maturity in EA management6. According to the provided mechanisms, we classify EA
management approaches as follows:

∙ approaches providing no mechanisms for adaptation. Approaches of that kind make no
or only abstract prescriptions on how to react to changes in the organizational context
or on how to adapt to a changed scope and reach. Especially these approaches do
not describe how to transform an already implemented EA management function to an
adapted one.

∙ approaches providing mechanisms to adapt to the organizational context. Adapt-
able approaches of this type delineate organizational context changes and describe trans-
formations for implemented management tasks, steps, or responsibilities.

∙ approaches providing mechanisms to adapt to scope and reach. Approaches of that
kind describe transformations for increasing and reducing the reach of the EA man-
agement function, e.g. by delineating how certain tasks and steps can be extended to
relate to other enterprise-level management functions. Concerning the scope, such ap-
proaches describe mechanisms to perform the one-time change of the scope, i.e., detail
transformation methods encompassing documentation, communication, and analysis.

Table 3.1 provides a morphological box, which summarizes the analysis dimensions and char-
acteristics as outlined above. With this morphological box, the results of the review are
summarized in the subsequent sections.

Integration unidirectional bidirectional

Develop & describe current planned target principle question
Communicate & enact current planned target principle question
Analyze & evaluate current planned target delta analysis

Configure to organizational context scope and reach
Adapt to organizational context scope and reach

Table 3.1.: Method classification for an EA management approach

3.3. Revisiting prominent to EA management

Several publications targeting the state-of-the-art in EA management literature have been
written in the last years (cf. Aier et al. in [ARW08b], Schönherr in [Sc08b], Schelp and

6See Szyszka in [Sz09] for a in-depth discussion on maturity models in the context of EA management.
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Winter in [SW09], and Aier and Schelp in [AS09]). While each of them targets a dedicated
area-of-interest, e.g. Schönherr in [Sc08b] focuses on definitions for EA or EA management
respectively, and Schelp and Winter in [SW09] emphasize on the research methods of the aca-
demic groups, the concluding call for developing a common understanding, i.e., forming the
basis for a language community, remains the same. For our subsequent literature analysis, we
make in line with Webster and Watson in [WW02, page xv] scope and limits of the literature
included in the review explicit by discussing the way the literature was identified. In the area
of EA management the identification of literature is hampered by the increasing importance
of the topic of EA management in recent years, which has lead to a vast amount of literature
published in this area (cf. study of Langenberg and Wegman in [LW04a] or Mykhashchuk
in [My11]). At the same time no common understanding on the topic has evolved, leading to
distinct research groups each forming a so-called language community. As EA management is
a new discipline, for which different terms, e.g. strategic alignment (cf. Henderson and Venka-
traman in [HV93]), information systems architecture (cf. Zachman in [Za87]), or business IT
alignment (cf. Luftman in [Lu03]) have been used in the past, before the term enterprise

architecture was coined. The identification of relevant literature accordingly can be regarded
as complex task, as existing databases, e.g. the web of science7, the ACM digital library8, or
IEEE Explore9 cannot be searched using a single search string. In addition, research results
concerning the topic of EA management are until now typically published as books in case
of practitioners’ experiences or presented on workshops (cf. Trends in Enterprise Architec-
ture Management Research (TEAR) or the Enterprise Architecture Challenges and Responses
(WEACR) international workshop) and therefore not included in scientific databases, which
typically focus on journal publications. Due to this fact, we identified literature relevant for
our synthesis by

∙ identifying research group via existing state-of-the-art analysis on EA management of
Aier et al. in [ARW08b] as well as Schelp and Winter in [SW09],

∙ searching the DBLP10 and the websites of the author for further publications,

∙ going backwards by reviewing the citations of the publications identified in the first two
steps, and

∙ removing research groups, whose publications have been cited sporadic or are not avail-
able in English.

Using the above method, we identified 22 research groups with a publication record in the
area of EA management, of which the 15 most cited ones are included in the subsequent
state-of-the-art review. We present an in-depth discussion and classification of the remain-
ing seven approaches in [BS11]. Whereas a practitioner framework like The Open Group
Architecture Framework (TOGAF) is included in our analysis, frameworks developed by
governmental agencies, e.g. the Department of Defense Architecture Framework (DoDAF)
in [De09a, De09b, De09c] and the NATO Architecture Framework (NAF) in [NA07], are not
discussed. As these frameworks typically focus on the public sector and the intended audience
of our subsequent review are practitioners and researchers in the area of EA management, we

7http://www.webofscience.com
8http://portal.acm.org
9http://ieeexplore.ieee.org
10http://www.informatik.uni-trier.de/~ley/db/
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abstain from discussing these frameworks. The following sections each detail on one promi-
nent EA management approach in chronological ordering and present analysis results focusing
on methodical aspects of the presented approach, which are summarized according to the
framework introduced above. The complementing evaluation from a language perspective is
detailed in [BS11].

To ensure methodological soundness of the subsequent review synthesis, we detail the char-
acteristics of our review according to the framework developed by Fettke [Fe06]. In 2006
Fettke conducted a state-of-the-art analysis of the state-of-the-art in the German-speaking
IS community (cf. Fettke in [Fe06]). Thereby, he identified a characterization framework for
literature reviews [Fe06, page 259]. This framework is used in the following to summarize the
scientific method that the review results are based on. According to Fettke, two different types
of reviews can be distinguished—natural language and statistical reviews. Our review empha-
sizes on the natural language characteristic. While each review has a distinct focal points,
e.g. results, research method, theory, and experience, we focus on the theories presented by
the different approaches, in particular the methodical prescriptions made. In line with Fettke
in [Fe06, page 265], we decide to make the objective of the review explicit. Therefore, the
aim of the state-of-the-art analysis is detailed at the beginning of this chapter, represented in
Research question 2 (cf. Section 1.1), and can be summarized as investigating existing theories
for prescriptions how to design an EA management function and as identifying configuration
aspects supporting the organization-specific design. To do so, an analysis framework is de-
veloped based on existing kernel theories in Section 3.1, which is further influenced by the
epistemological assumptions presented in Section 2.1. We made the boundaries of our work
explicit and stated the criteria how the literature was selected, thus providing a comprehen-
sive overview of existing EA management approaches, although proof for complete coverage is
unfeasible to give. According to Fettke, a review can be structured historically, thematically,
or methodically. In our review we used the historic structuring, resulting as a side effect in an
overview how long the different research groups have been active in this area. Although a dis-
sertation is typically aimed at the scientific community, we believe that the topic has a strong
relation to industry, therefore, the thesis results as well as the results of this research synthesis
address researchers in general as well as practitioners. Table 3.2 summarizes the classification
of this review synthesis according to the framework developed by Fettke in [Fe06].

Type natural language mathematic-statistical

Focus research results research method theory experience

Formulation not explicit explicit
Target

Content integration criticism central topics

Perspective neutral position

Selection not explicit explicit
Literature

Extensiveness foundations representative selective complete

Structure historical thematically methodical

Target group common public practitioners common specialized

researcher researcher

Future research not explicit explicit

Table 3.2.: Characterization of the review synthesis presented in this chapter according to
Fettke in [Fe06, page 259]
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3.3.1. The Zachman Framework

EA management approach

Name of approach: Zachman Framework
Issuing organization: Zachman Institute
Focus area: Modeling
Tool support: -
Period of activity: since 1987
Publications: [Za87], [SZ92]
Inner organization: monolith

In 1987, Zachman developed what was initially (cf. [Za87]) called a “framework for informa-
tion systems architecture” and has ever since been extended to a more holistic perspective,
resulting in the perhaps most well-known framework for EA—the Zachman Framework. In its
most recent version11 the framework consists of five modeling layers and six dimensions. The
modeling layers are scope, business, logical systems, technical systems, and detailed represen-
tations. The latter, however, according to Zachman is not in the scope of EA management.
On these different layers, the questions of what, how, where, who, when, and why apply. Fig-
ure 3.6 outlines the structure of the Zachman Framework. Putting the interrogatives and the
modeling layers together, the core question that the Zachman framework associates with the
EA can be summarized as “Who does what in which way (how), when, where and why does
he/she do it?” This question is answered on each layer with increasing level of detail reflect-
ing the addressees of the different layers, i.e., the planner on the contextual level (scope), the
owner on the conceptual level (business), the designer on the logical level (logical systems), the
builder on the physical level (technical systems), and the subcontractor on the out-of-context
level (detailed representations). Illustrating the levels of details along the question-dimension
of who, major business divisions (on the scope level) are decomposed and operationalized to
organizational units (on the business level), to roles (on the logical system level), to users (on
the technical system level), and finally to specific identities (on the detailed representation
level).

In line with the understanding of the Zachman framework as an EA framework and not an
EA management framework, no detailed descriptions on methods, management activities, or
tasks can be found. Consequently, only some minor method-related information is provided,
outlining that the framework may be applied both in describing the current state of the EA as
well as in describing requirements for a future state, i.e., in developing a target state [Za87].
Additionally, the framework gives several remarks on the importance of transformation activ-
ities to get from the current to a future state, thus highlighting the importance of planning
processes. More detailed information on how to plan states of the EA are however not directly
given. With respect to the communication of information corresponding to the framework’s
prescriptions, Zachman delineates in [Za87, pages 282–284] the variety of purposes that such
architecture descriptions may serve as well as the plurality of addressed stakeholders, e.g.
business owners or information system designers. All this aligns with the basic notion of the
11An overview on the framework is available online at http://www.zifa.com/framework.pdf. The recent

version was accessed on October, 17th, 2010.
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Figure 3.6.: Two dimensional schema behind the Zachman Framework (Source: http://

zachmanframeworkassociates.com/index.php/)

framework understanding itself as structuring principle to be used in information system ar-
chitecture development activities to get an embracing perspective. In this vein, no methodical
integration points are discussed but a flexible utilization of the framework, e.g. in combination
with a framework focusing on methodic guidance as TOGAF (see Section 3.3.5) is advocated
for. In line with the requirements put forward in Section 3.2, we classify the Zachman Frame-
work as shown in Table 3.3.

Integration unidirectional bidirectional

Develop & describe current planned target principle question
Communicate & enact current planned target principle question
Analyze & evaluate current planned target delta analysis

Configure to organizational context scope and reach
Adapt to organizational context scope and reach

Table 3.3.: Method classification for the Zachman Framework
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3.3.2. Architecture of Integrated Information Systems (ARIS)

EA management approach

Name of approach: Architecture of Integrated Information Systems (ARIS)
Issuing organization: University of Saarbrücken, IDS Scheer AG
Focus area: Modeling
Tool support: ARIS Toolset
Period of activity: since 1992
Publications: [KNS92], [Ki99], [Sc01], [Sc02]
Inner organization: monolith

The Architecture of Integrated Information Systems (ARIS) is a framework for holistic mod-
eling of business information systems, targeting the design and development of such systems
from a process-based perspective (cf. Scheer in [Sc01, Sc02]). Originating from information
system development, the ARIS method mirrors its roots by incorporating the ‘classic’ soft-
ware development phases requirements elicitation, design specification, and implementation
description. The waterfall-like method is nevertheless not executed once, but is applied on
the different views12 that pertain to a business information system. The focus on business
processes and the control view is additionally reflected in a corresponding modeling method,
namely the one of event-driven process chain (EPC) as introduced by Keller et al. in [KNS92].
An event-driven process chain details the structure of events and functions with additional
operators that may be used to denote splits, joins, and decisions in the process execution. The
ARIS approach defines dedicated symbols to represent concepts like events, functions, inputs,
outputs, organizational units, etc.

The so-called ARIS house (see Figure 3.7) introduces these views as follows:

organization view describing the structure of the organization together with the lines of au-
thority and the communication channels in the organization,

data view describing the business data objects created, manipulated, and exchanged between
the business functions

function view describing the business functions that are to be executed by the organization as
part of its value proposition

output view describing the values, goods, and services delivered by the organization in exe-
cuting its business functions

control view interlinking the other views from a process-oriented perspective, i.e., describing
the business processes that are executed by organizations, the business data objects used,
the involved participants, the executed business functions, and the delivered goods and
services in time flow.

Beyond the waterfall-like software development method focusing on the development of mod-
els, ARIS does not directly provide methodical guidance. Extending the basic ARIS approach,
Kirsch in [Ki99] presents a method for “process-oriented management of client-server-systems”.

12In line with the terminology used throughout the report, the views would more correctly be alluded to as
viewpoints. According to the ARIS approach they may nevertheless be identified with specific views on an
actual information system, thus being characterized as views.

76



3. Analyzing the State-of-the-Art in Designing EA Management Functions

Implementation
Description

Implementation
Description

Implementation
Description

Organization View

Data View Control View Function View

Output View

Requirements
Elicitation

Design
Specification

Requirements
Elicitation

Design
Specification

Requirements
Elicitation

Design
Specification

Requirements
Elicitation

Design
Specification

Implementation
Description

Requirements
Elicitation

Design
Specification

Implementation
Description

Figure 3.7.: ARIS house

Central to this approach is an iterative development method consisting of the phases plan, re-
alize, as well as apply and control. During the different phases of the method, process-oriented
analysis models are created and refined towards implementation models, which are fed to
implementation. Kirsch further emphasizes related processes, e.g. release management, that
are to be supplied with information incorporated in the ARIS models, leading to an overall
classification of the ARIS approach as shown in Table 3.4.

Integration unidirectional bidirectional

Develop & describe current planned target principle question
Communicate & enact current planned target principle question
Analyze & evaluate current planned target delta analysis

Configure to organizational context scope and reach
Adapt to organizational context scope and reach

Table 3.4.: Method classification for ARIS approach
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3.3.3. The Generalised Enterprise Reference Architecture and Methodology
(GERAM)

EA management approach

Name of approach: The Generalised Enterprise Reference Architecture and Methodol-
ogy (GERAM)

Issuing organization: IFIP-IFAC Task Force on Architectures for Enterprise Integration
Focus area:
Tool support:
Period of activity: since 1994
Publications: [BN94] [BN96] [IF99] [In99] [BNS03] [IF03] [No03] [In06]
Inner organization: monolith

In the 1970s and the 1980s several EA-related frameworks have been developed. In response
to the emerging number of frameworks in this area, the International Federation of Infor-
mation Processing (IFIP) and the International Federation of Automatic Control (IFAC) es-
tablished the International Task Force on Enterprise Integration aiming at the development
of a reference framework that supports comparison, evaluation, and combination of existing
approaches (cf. Bernus and Nemes in [BNS03, page 13]). As a result of the investigation,
the Task Force developed the Generalised Enterprise Reference Architecture and Methodol-
ogy (GERAM) which in 2000 became part of the ISO 15740:2000 [In99]. GERAM can be
used to identify missing elements in existing approaches but can also be used as an EA (man-
agement) framework itself. Mappings of existing approaches to GERAM exist (cf. Noran
in [No03]). GERAM consists of the subsequently described nine components (cf. Figure 3.8),
which in line with the understanding as reference model do not impose particular meth-
ods or models but define criteria to be satisfied by an EA management approach (cf. [IF03,
page 25]).

Generalised Enterprise Reference Architecture (GERA): GERA describes the basic concepts to
be used in enterprise engineering and integration projects. According to GERAM these
concepts can be categorized into human oriented concepts, e.g. capabilities, skills, know-
how, as well as the roles of humans in the enterprise organization and operation, process-
oriented concepts, e.g. functionality, behavior, entity life-cycles, and activities, and tech-
nology oriented concepts describing the supporting technology involved in enterprise
transformation and operation.

Enterprise Engineering Methodology (EEM): EEMs provide process models or structured pro-
cedures with detailed instructions for enterprise engineering and integration.

Enterprise Modeling Languages (EMLs): EMLs define the generic modeling constructs for en-
terprise modeling. In particular, the EMLs provide constructs to describe and model
human roles, operational processes, supporting information, and technologies.

Generic Enterprise Modeling Concepts (GEMCs): GEMCs define and formalize the generic con-
cepts of enterprise modeling. In increasing order of formality, the following ways do
define the generic concepts exist: natural language explanations (glossaries), meta mod-
els describing the elements and their relationships (information models), and theories
defining the meaning, i.e., semantics of enterprise modeling languages (ontologies).
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Figure 3.8.: The components of the GERAM framework [IF99, page 5]

Partial Enterprise Models (PEMs): PEMs represent reusable, paradigmatic models capturing
characteristics of enterprises. They capitalize on previous knowledge by supporting the
development of model libraries in a ‘plug-and-play’ manner rather than developing mod-
els from scratch. PEMs may cover the entire enterprise or a part thereof and typically
concern a variety of enterprise entities such as products, projects, or companies.

Enterprise Engineering Tools (EETs): EETs provide implementation support for the method
and modeling language used for enterprise transformation, e.g. a shared repository that
enables creation and maintenance of PEMs.

(Particular) Enterprise Models (EMs): EMs capture concepts common to many enterprises and
are expressed using a certain enterprise modeling language. They are used for analysis
or represent executable models to support enterprise operation. EMs may consist of
several models (views), which describe certain aspects on the enterprise.

Enterprise Modules (EMOs): EMOs are components that can be used in implementing the
organization. Exemplary EMOs are human resources with given skill profiles, common
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business procedures (e.g. banking and tax rules), or IT infrastructure. The EMOs can
be used to model portability and interoperability, provide decision support as well as
operation monitoring and control via real-time access to the enterprise environment.

Enterprise Operational Systems (EOS): EOS represents the operation of an enterprise, which is
typically guided by a particular enterprise model. This model provides the specification
of the system and defines the EMOs used, i.e., the EOS consists of all hardware, software,
and socio-technical elements needed to fulfill the enterprise objectives and goals.

Reflecting the method-language-dichotomy as proposed by our analysis framework, GERAM
distinguishes between the methods for enterprise engineering (EEMs) and the modeling lan-
guages (EMLSs) used by the methods. Furthermore, GERAM defines three dimensions for
defining the scope and content of the management body (cf. [IF03, pages 42–44]13), namely

life-cycle dimension providing means for modeling entities according to the life-cycle activities,

genericity dimension supporting controlled particularization (from generic via partial to par-
ticular), and

view dimension enabling visualization of specific views of the enterprise entities.

Besides these dimensions, GERAM advocates for defining the pragmatic purpose for each
view and thus concepts to be considered by the EA endeavor. Possible pragmatic purposes,
e.g. support of design choices, simulation of processes to identify characteristics as cost or
duration, are given in [IF03, page 45].

In GERA, a life-cycle for each constituting concept of the enterprise is introduced, which
consists of the phases identification, concept, requirements, (preliminary and detailed) design,
implementation, operation, and decommission. In the concept phase, the entity’s mission,
vision, strategies, objectives, etc. are defined, thereby linking cross-cutting aspects to the
concepts considered during enterprise transformation [IF03, pages 32–34]. The concept of life
history is referred to as main aspect of EA management approaches by GERA and the link
to different kind of projects, e.g. engineering, redesign, or improvement projects, is discussed
and related to the phases of the EA concepts. From a systemic perspective, GERA proposes a
recursive enterprise entity type concept, which partitions into five different subtypes (cf. [IF03,
page 39]). Entity type 1—strategic management entity—defines the necessity and the start-
ing of any EA-related effort. Entity type 2—engineering implementation entity—provides the
means to carry out the EA-related effort, i.e., uses a methodology (entity type 5) to define,
design, implement, and build the operation of the enterprise entity (entity type 3). Entity
type 3—enterprise entity—uses the methodology (entity type 5) and the operational system
provided by entity type 2 to define, design, implement, and build the products of the en-
terprise (entity type 4). Entity type 4—product entity—represents all products (or services)
of the enterprise. Complementing, entity type 5—methodology entity—represents the used
methodology in the course of operation, which in general leads to the creation of another
entity type.

In line with the objective of GERAM to represent an evaluation framework for EA (man-
agement) approaches, the life-cycle concept introduced above does not only apply for the

13The GERA Modelling Framework represents the basis for the International Standard ISO 19439 : 2006.
Framework for Enterprise Modelling [In06].
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constituting concepts of the enterprise but also to the enterprise itself. Besides this basic de-
scription, the EEMs define further requirements for an EA management function. According
to [IF03, pages 49–50], the methodologies should be described in terms of process models or
descriptions with detailed instructions for each activity, the information used and produced,
resources needed, and relevant responsibilities assigned to the tasks. Again, special emphasis
is put on the ‘human aspect’ as the EEMs call for an explicit modeling of humans and their
relations to tasks, responsibilities, and influences. The role of humans as supporter or oppo-
nent of an EA management initiative and therefore the human role as success factor is alluded
to (cf. [IF03, pages 50–52]). Dedicated methods and means how to overcome this challenge
are however not provided. The aspect of human knowledge and tacit knowledge in particular
is accentuated and specialized models are proposed to address this challenge. Emphasizing
on the requirements defined by GERAM and the EEMs in particular, the overall evaluation
of the method-related prescriptions of GERAM is shown in Table 3.5.

Integration unidirectional bidirectional

Develop & describe current planned target principle question
Communicate & enact current planned target principle question
Analyze & evaluate current planned target delta analysis

Configure to organizational context scope and reach
Adapt to organizational context scope and reach

Table 3.5.: Method classification for GERAM

3.3.4. Semantic Object Model approach (SOM)

EA management approach

Name of approach: Semantic Object Model (SOM) Approach
Issuing organization: University of Bamberg
Focus area: Modeling
Tool support: SOM Modeling Environment (in development, see http://www.

openmodels.at/web/som, last-cited 2010-10-18)
Period of activity: since 1994
Publications: [Fe94], [FS95], [FS97]
Inner organization: monolith

The Semantic Object Model (SOM) is rooted in the system theory, organizational theory, and
cybernetics [FS08]. It was developed by Ferstl and Sinz who diagnosed a fundamental change
in the way business information systems are understood via models in [FS95]. Whereas up
to this point IS modeling centered around structural aspects of the systems, more recent ap-
proaches in those days started to identify IS with the set of interlinked business processes that
the systems support. In this vein, the focus of IS modeling is broadened to not only incor-
porate the single system but also its enterprise environment (cf. Ferstl and Sinz in [FS95]).
Reflecting this understanding of an enterprise, SOM introduces two key abstractions in [Fe94]:
the business transactions reflecting the exchange of services between business objects that con-
versely provide or consume such services. Key principle of the approach is the decomposition of
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both objects and transactions into smaller parts thereof, getting from an abstract perspective
on an enterprise to more specific descriptions. This is further mirrored in the approach’s EA
framework, which consists of three layers [FS95, page 8], namely

Enterprise plan representing an external perspective on the organization concerned with the
world of discourse, the environment of, and the goals pursued by the organization,

Business objects & processes are concerned with the tasks to be performed with respect to the
enterprise plan, and

Resources considers human resources, information systems, infrastructure, etc. to support the
business processes.

According to Ferstl and Sinz in [FS95], each layer of the EA has both a structural and a
behavioral aspect, which need to be covered by an appropriate description method. This
method is described via the so called V-model of the SOM approach as shown in Figure 3.9.
On the top level the method calls for informal (textual) descriptions of the enterprise plan
both from a structural and a behavioral perspective. The latter perspective covers the en-
terprise’s value proposition and strategic goals. The former perspective is used to distinguish
between the enterprise systems and its environment. In a subsequent step the structural plan
of the enterprise is refined into an interaction model (cf. [FS97]) describing the interacting
internal and external business objects, as organizational units or clients. Building on
the interaction model’s description of the participants, the value model of the enterprise is
described by connecting the participants via transactions. The preceding models are further
detailed in subsequent steps, finally concluding in the conceptual object design which in turn
forms the basis for implementing business information systems (cf. [FS97]).

Object system

Interaction
model

Strategic goal and 
value system

Value model

Action-object
model

Conceptual object schema

Figure 3.9.: V-Model (method model) of the SOM approach [FS95, page 9]

For the different modeling levels below the enterprise plan, Ferstl and Sinz [FS95, page 16]
call for formal modeling techniques and languages based on the principle of decomposition.
Using a BNF-like syntax, they describe decomposition rules which are to be applied in the
V-model method. An exemplary rule reads as follows

𝑂 ::= {𝑂1, 𝑂2, [𝑇 (𝑂1, 𝑂2)]}

and describes that a modeler may decompose an object into a set of two sub-objects that are
optionally linked with a transaction. Similar rules for decomposing transactions also exist. The
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SOM approach similar like the Zachman Framework (see Section 3.3.1) can be characterized
as emphasizing on EA modeling. Thus, no explicit methods for developing a target state
for an organization or to re-engineer the current state are described. The aforementioned
method nevertheless can be applied therefore. Reflecting these characteristics, we classify the
method-related prescriptions of the SOM approach as shown in Table 3.6.

Integration unidirectional bidirectional

Develop & describe current planned target principle question
Communicate & enact current planned target principle question
Analyze & evaluate current planned target delta analysis

Configure to organizational context scope and reach
Adapt to organizational context scope and reach

Table 3.6.: Method classification for the SOM approach

3.3.5. The Open Group Architecture Framework (TOGAF)

EA management approach

Name of approach: TOGAF
Issuing organization: The Open Group
Focus area: Method
Tool support: TOGAF 9 Method Plugin for the Eclipse Process Framework Com-

poser tool14

Period of activity: since 1995 (TOGAF version 1.0)
Publications: [Jo09], [Th09a], [Th09b]
Inner organization: explicit organization

The Open Group is a vendor and technology-neutral consortium with the objective to foster
information flow via open standards for enterprises15. In 1995, The Open Group published
the first version of The Open Group Architecture Framework (TOGAF) which was based on
the Technical Architecture Framework for Information Management (TAFIM) published by
the Department of Defense. The current version 9.0 of TOGAF has been released in October
2009 [Th09a]. TOGAF is based on the terminology introduced in the ISO Standard 42010 (see
Section 3.1.1) and provides a method, supporting models, and techniques for developing an
EA management function. As a widely-used and known framework, the major players in the
market of EA management tools have incorporated TOGAF in their tools (cf. the analysis of
sebis in [se05] and Matthes et al. in [Ma08]). In addition, a method plugin for the open source
eclipse process framework composer exists16. TOGAF 9 consists of six main parts, namely

∙ the architecture development method (ADM) describing an iterative process consisting of
eight interconnected phases of EA development and a complementary preliminary phase
(see Figure 3.10),

15See http://www.opengroup.org/overview, last accessed 2010-10-19
16See http://www.opengroup.org/architecture/togaf/epf_intro.html (last accessed 2010-11-08)
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∙ the ADM guidelines and techniques covering aspects of adaptability and configuration
of the ADM to different process styles or specific architectures, i.e., security

∙ the content framework providing a conceptual meta-model for describing architectural
artifacts,

∙ the enterprise continuum and tools representing a view on the architecture repository
providing methods to structure and classify architecture and solution artifacts to enable
communication and reuse of EA-related descriptions, and

∙ the TOGAF reference models being divided into the TOGAF foundation architecture
and the integrated information infrastructure reference model (III-RM). The foundation
architecture is embodied in the technical reference model (TRM), which is universally
applicable and can be used to build any system architecture. The III-RM helps to address
the need to design an integrated information infrastructure with reference designs.

In line with other EA management approaches, TOGAF proposes to structure the EA in
different architecture domains representing subsets of the overall EA [Th09a, page 10]. Thus,
TOGAF distinguishes between business architecture, which is concerned with strategic, gov-
ernmental, organizational, and process-related aspects, the data architecture describing the
structure of an organization’s data assets and data management resources, the application
architecture considering the application systems, their interactions, and their relationships
to the business processes, and the technology architecture describing the logical software and
hardware capabilities required to support the deployment of business, data, and application
services.

Focusing on methodical aspects, the best-known part of TOGAF is the ADM, which describes
an iterative process consisting of eight phases, which are complemented by a preliminary
preparation phase and the central activity of requirements management (see Figure 3.10).
The TOGAF ADM cycle starts with the preliminary phase, which prepares and initializes the
EA management project. Typical tasks executed in this phase include the establishment of
the EA team, the selection and implementation of supporting tools, as well as the definition
of architecture guidelines and principles. After the preparation and initialization activities
are performed, the scope of the EA management endeavor is defined within the architecture
vision phase (A). A core objective of this phase is to identify the relevant stakeholders and
their concerns. Based on the identified stakeholders and concerns a high-level architecture
vision of the enterprise is derived in this phase. Succeeding phase A, the business, information
systems, and technology architecture are developed in the phases business architecture (B),
information systems architectures (C), and technology architecture (D). The fundamental make
up of these three phases is very similar: initially, the baseline architecture (current state of
the EA) is described. Based on this architecture, a target architecture is developed taking the
architecture vision into account. This vision was formulated as part of the preceding phase A.
A delta analysis is performed to evaluate the differences between the current and the target
architecture and roadmap components enabling the transition from baseline architecture to
target architectures are identified. The phase opportunities and solutions (E) is concerned
with linking the separate business, information system, and technology architecture plans and
deriving projects and programs, which describe the transformation from the current to the
target architecture via intermediate transition architectures (planned states). The steps to be
performed in this phase are the consolidation of the delta analyses from phases B to D, the
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identification, refinement, and validation of dependencies between the different architectural
layers, and the establishment on an integrated project and program portfolio. The transition
architectures form the input of the migration planning phase (F), which is concerned with the
formulation of an implementation and migration plan that schedules and realizes some or all of
the planned architectures. The steps within this phase are the assignment of a business value
to each project, the prioritization of projects, and the generation of a roadmap and migration
plan. In the phase implementation governance (G) the projects selected for realization in the
preceding phase are executed. Tasks to be conducted in this phase are the identification of
deployment resources and skills, monitoring of the execution, and the conduction of reviews,
e.g. regarding architecture compliance. The final phase (H) architecture change management
concludes an ADM cycle and prepares the initiation of the next iteration. As part of the phase,
the changes of the architecture are assessed. Key tasks of this phase are the deployment of
monitoring techniques for the architecture process, the development of change requirements
to meet performance targets, and the management of the governance process.

Figure 3.10.: The architecture development method of TOGAF [Th09a, page 54]

The ADM of TOGAF thereby focuses on EA management-projects instead of a continuous EA
management function. While this approach ensures that a sponsor for the EA management
endeavor is available (see preliminary phase), it entails the disadvantage that each project
has to start with information gathering as no up-to-date information and description of the

85



3. Analyzing the State-of-the-Art in Designing EA Management Functions

EA is available. Complementing the high-level description of the phases, TOGAF provides
exemplary guidelines and techniques for adapting or complementing the ADM (cf. The Open
Group in [Th09a, pages 213–358]):

∙ Capability-based planning: A method for capability-based planning is presented by TO-
GAF, which enables a black-box view on the business level, i.e., the business capabilities
of TOGAF include people, process, and material dimensions (cf. [Th09a, pages 353–
358]).

∙ Organizational contexts: TOGAF for instance proposes to use hierarchies of ADM pro-
cesses, if the EA management-related project is too complex. As organizations typically
differ strongly regarding the situation in which EA management is intended to be estab-
lished, TOGAF discusses different situations in which an adaptation of the ADM might
be required (cf. The Open Group in [Th09a, pages 56–57]). The ordering of the single
phases, for instance, may be subject to adaptation (cf. discussion in [Th09a, page 217]).

∙ Architectural principles: Different best practices how to develop, document, and apply
principles are alluded to in TOGAF (cf. [Th09a, pages 167–280]). While exemplary
principles are presented, methods to communicate and enact them are not discussed.

∙ Delta analysis: A matrix-based approach to perform delta analysis is presented
in [Th09a, pages 321–323].

To configure the management body of the ADM, TOGAF proposes three different dimensions
for segmentation (cf. The Open Group in [Th09a, pages 58–63]). First, the EA can be seg-
mented with respect to the scope, i.e., which specific business sectors, functions, organizations,
geographical areas are to be included. Second, a segmentation with respect to architecture
depth, i.e., are all types of architecture covered or only a subset thereof, e.g. the data and ap-
plication architecture. Third, the management body of the ADM can be tailored with respect
to time, i.e., only the baseline architecture (current state) is included. While the importance
of tailoring the management body is alluded to by TOGAF, no mechanisms how to guide and
perform this configuration are given. Table 3.7 summarizes the key characteristics of TOGAF
and especially the ADM classified against the background of the analysis framework.

Integration unidirectional bidirectional

Develop & describe current planned target principle question
Communicate & enact current planned target principle question
Analyze & evaluate current planned target delta analysis

Configure to organizational context scope and reach
Adapt to organizational context scope and reach

Table 3.7.: Method classification for TOGAF
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3.3.6. Extended Enterprise Architecture (E2A)

EA management approach

Name of approach: Extended Enterprise Architecture (E2A)
Issuing organization: Institute For Enterprise Architecture Developments (IFEAD)
Focus area: Method
Tool support: -
Period of activity: since 2001 (foundation of the IFEAD)
Publications: [SK04], [Sc06a], [Sc06b], [Sc06c], [Sc06d], [Sc08a], [Sc10]
Inner organization: explicit organization

In 2001 Jaap Schekkerman, who according to own statements has more than 25 years of expe-
rience in managing complex and large EA programs in the governmental area, healthcare, and
high tech industry, founded the Institute For Enterprise Architecture Developments (IFEAD)
a non-profit research and information organization aiming at fostering the EA-related knowl-
edge exchange. In 2002 the IFEAD published the first version of the Extended Enterprise
Architecture (E2A) framework. The E2A framework is influenced by the Zachman framework
(see Section 3.3.1) and by the IAF (see van’t Wout et al. in [Wo10]). Approaching the topic
of EA management from a holistic perspective, the aspect of linking the EA management
function with other closely related functions and processes, e.g. human capital management,
information security management, and budgeting, is alluded to in [Sc08a, pages 36–37].

A core contribution of the E2A is the so-called Enterprise Architecture Program (EAP) which
details on implementation steps for establishing an EA management function (see Figure 3.11).
The EAP consists of eight steps, which are described subsequently.

EA 
Program 

Cycle

Determine Enterprise 
Architecture Maturity

Initiate Enterprise 
Architecture Program

Define an Architecture 
Process and Approach

Develop Current 
Enterprise Architecture

Develop Future
Enterprise Architecture

Develop the Transition 
Plan

Use the Enterprise 
Architecture

Maintain the Enterprise 
Architecture

Figure 3.11.: The enterprise architecture program cycle according to Schekkerman in [Sc08a,
page 38]

∙ Determine enterprise architecture maturity: Preparing the establishment of an EA man-
agement function the current maturity level needs to be determined. Therefore the E2A
proposes the use of either existing maturity models or provides an own maturity model
called Extended Enterprise Architecture Maturity Model (E2AMM) [Sc06c].
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∙ Initiate enterprise architecture program: The setup of the EA management function is
performed in this step. This includes linking the relevant management functions, e.g. IT
portfolio management, with EA management and establishing the management structure
and control, e.g. the EA steering committee, the chief enterprise architect, and the EA
core team. For each role, E2A presents the associated responsibilities assigned to the
team members, e.g. the information architect being responsible for documenting and
analyzing business information and associated relationships (cf. Schekkerman in [Sc08a,
pages 213–215]). Furthermore, the activities and results of the EA program are defined.

∙ Define an architecture process and approach: In this step, the intended use (goals), scope,
and depth of the EA management endeavor are defined to ensure an EA management
function sufficient for its purpose. The definition of scope thereby includes decisions on,
e.g. geographical areas to be considered or the relevance of timeframes ([Sc08a, page 59]).
The utilization of existing EA frameworks is proposed to answer the questions on goals,
scope, and depth (a description of different EA frameworks is given in [SK04]). The
final activity of this step is the definition of the EA process. Supporting this step the
utilization of existing frameworks like TOGAF (see Section 3.3.5) or the Enterprise
architecture process model introduced below is proposed as well as the selection of an
appropriate tool is discussed.

∙ Develop current enterprise architecture: Phases of this step are a) discovery and data col-
lection, b) design and preliminary results generation, c) review and revision, and d) pub-
lication and delivery of the EA results to an appropriate repository [Sc08a, pages 93–97].
For each of the aforementioned phases, methods and techniques how they could be per-
formed, e.g. via interviews, ‘quick looks’, or documentation review, are discussed and
basic questions to be answered are presented.

∙ Develop future enterprise architecture: In the same vein as the current state of the EA is
documented in the preceding phase, the target state of the EA is documented. Essentials
in creating the future state of the EA are thereby discussed, as e.g. the alignment with
the strategic plan or the focus on business areas with the greatest potential payoff.

∙ Develop the transition plan: Based on the descriptions of the current and future state
of the EA, a transformation plan is derived via a delta analysis. Additional dependency
analyses between projects and the transition plans respectively are performed to provide
input to project portfolio management [Sc08a, pages 99–104].

∙ Use the enterprise architecture: Enacting the transition plan as developed in the preced-
ing step, this step provides good practices how the EA management function interacts
with other enterprise-level management functions as e.g. project portfolio management.
To ensure architectural compliance of projects on the one hand, trainings, reviews, conse-
quences, etc. for deviations are proposed (cf. Schekkerman in [Sc08a, pages 107–118]).
On the other hand, the importance of reflecting the performed changes in the ‘new’
current EA description is referred to in the next step.

∙ Maintain the enterprise architecture: As organizations represent highly dynamic sys-
tems, which evolve over time, this step is concerned with maintaining the EA artifacts,
e.g. current and future state, and with the continuous control and oversee of the over-
all EA management function. The latter should be performed as a continuous process,
which takes quick and decisive actions to correct problems. Examples of that actions
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are redefinition of purpose and scope of the EA management function, introduction or
strengthening of existing control mechanisms to ensure continuous improvement of the
overall function (cf. Schekkerman in [Sc08a, page 126]). In [Sc04] Schekkerman pro-
poses an Enterprise Architecture Score CardTM for assessing the performance of the EA
management function.

Besides the above introduced program and its steps, the E2A proposes an enterprise architec-
ture process model consisting of the steps a) enterprise architecture visioning, b) EA scope &
context, c) EA goals / objectives & requirements, d) opportunities & solutions, e) organiza-
tional impact, f) benefits / business case, g) transformation planning, and h) implementation
governance structure. A spiral model, which iterates through the aforementioned steps, is
proposed to adapt the idea of “think big but start small” [Sc08a, pages 81–84]. Addressing the
communication challenge, the E2A proposes techniques to identify and classify stakeholders
using a power-interest matrix and proposes different sets of viewpoint types [Sc06a]. Fur-
thermore, aspects of how to establish the EA governance, i.e., centralized, decentralized, or
federated are alluded to in [Sc08a, pages 132–136] and aspects as roles and responsibilities are
discussed.

E2A introduces three different types of principles (cf. Schekkerman in [Sc08a, page 236]:
enterprise principles providing support for decision making on an enterprise level by informing
how an organization seeks to fulfill its mission; EA principles reflect the spirit and thinking
of the EA states and govern the EA management function as well as the implementation of
its plans; information technology principles guide the use and deployment of all IT resources
and assets. A general method how these principles can be developed as well as the responsible
roles are provided by the E2A. Complementing best practice principles are presented [Sc08a,
pages 238–255].

Recently, the IFEAD published a new and agile approach to EA management called Speedy,
Traceable, Result-driven Enterprise Architecture Management (STREAM) [Sc10]. The char-
acteristics of STREAM are traceability of choices and decisions from the business side (trace-
able), focus on elements that directly contribute to the objectives (pragmatic), deliver results
within a short time frame (rapid), deliver predefined type of results (productive), and always
start at the business side and deliver significant value (relevant). The STREAM approach
consists of five steps of which two address the current situation of Business and IT (step 1
& 2), two the future situation (step 3 & 4) and the final step the transformation plan. The
steps are carried out in an agile way with iterations within and over the different phases. In
summary, this leads to an overall evaluation of the method-related prescriptions of the E2A
as shown in Table 3.8.

Integration unidirectional bidirectional

Develop & describe current planned target principle question
Communicate & enact current planned target principle question
Analyze & evaluate current planned target delta analysis

Configure to organizational context scope and reach
Adapt to organizational context scope and reach

Table 3.8.: Method classification for E2A
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3.3.7. The EA management approach of MIT

EA management approach

Name of approach: (Approach of MIT)
Issuing organization: MIT Sloan Center for Information Systems Research (CISR)
Focus area: Method
Tool support: -
Period of activity: since 2003
Publications: [Ro03], [WR04], [RB06], [RWR06]
Inner organization: monolith

In 1995 researchers at the Massachusetts Institute of Technology (MIT) started their work
in the area of EA management, with the first book concerning the topic published in the
year 2003. Their work focuses on governance aspects of EA management (cf. Weill and
Ross in [WR04]) and is mostly based on empirical surveys and case studies from industry.
According to Ross et al. in [RWR06, pages 8–10], a foundation consisting of an operating
model, an enterprise architecture, and an IT engagement model has to be built to execute the
enterprise’s strategy. The operating model reflects the (envisioned) situation of the enterprise
with respect to the two dimensions business process integration as well as standardization and
therefore involves a commitment to the way the organization will operate. The EA provides
a holistic view on the organization’s business processes, systems, and technologies. The IT
engagement model describes the governance mechanisms used to ensure the achievement of
objectives, by coordinating decisions from business and IT, and linking the enterprise-level
management functions. Figure 3.12 illustrates how the three disciplines work together to
create a foundation for execution.
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Figure 3.12.: The foundation for execution according to Ross et al. [RWR06, page 10]
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In [RWR06, pages 28–33] Ross et al. introduce four different types of operating models which
can be interpreted as different types of organizational context and goal descriptions defining
requirements how the EA management function has to be configured. While abstaining from
providing a precise procedure how to configure the EA management function to the specific
needs of the operating model pursued, the authors exemplify the requirements and influences
on the chosen model by a description of case studies. Ross et al. propose in [RWR06, page 195]
a six step iterative approach to design and revise an EA management function, which read
as follows: 1) analyze the existing foundation for execution17, 2) define the operating model,
3) design the EA, 4) set priorities, 5) design and implement an IT engagement model, and
6) exploit the foundation for execution for growth.

To define an operating model, one of the four different types has to be chosen, whereas, different
operation models may apply for distinct parts of the organization. In the second step, Ross
et al. propose to develop an envisioned state of the EA based on a so-called core model. A
core model describes the relevant elements of the organization, which typically contain four
common elements: business processes, data, technologies, and customers. For each operating
model, Ross et al. propose a ‘best practice’ core diagram, which can be used as starting point
for the development. Figure 3.13 shows the core diagram for the operating model unification.
Each core diagram requires organization-specific adaptation and specification, i.e., the relevant
elements have to be defined in an iterative collaboration process by the responsible managers,
e.g. senior managers or IT leaders [RWR06, pages 65–67].
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Figure 3.13.: The unification core diagram according to Ross et al. [RWR06, page 54]

While the approach presented by Ross et al. in [RWR06] discusses general aspects of EA
management, no detailed method description on how to perform the documentation, commu-

17This step is the starting point in the first iteration, during initialization the method starts with the second
step.
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nication, or analysis tasks is presented. Nevertheless, the case studies from industry sketch
such methods e.g. during the Toyota case study, the concept of architectural principles is in-
troduced and different methods to enact the principles, e.g. through incentives, funding, or
enforcement, are discussed [RWR06, pages 130–135]. For the communicate & enact activity,
Ross et al. have derived key principles of successful engagement based on case studies from
eighteen organizations, which can be seen as hints for the design of an organization-specific
communication method [RWR06, pages 135–136].

In line with the idea of an organization as a vivid system, Ross et al. propose four stages of
EA management maturity [RWR06, pages 71–79], which provide a path for the development
of the EA management function. Considering the scope and reach of the EA management
function, the maturity stages are defined as:

∙ business silos architecture, i.e., focusing the IT investments on individual business units
needs,

∙ standardized technology architecture, i.e., shift from local optimization to global opti-
mization via centralization of technology management and establishment of standards,

∙ optimized core architecture, i.e., shift from local applications and shared data to enter-
prise systems through organization-wide data and process standardization, and

∙ business modularity architecture, which enables strategic agility through reusability
of loosely coupled IT-enabled business processes based on global standards [RWR06,
pages 71–79].

Ross et al. discuss implications which emerge, while moving from one step to the next,
and further present different architectural elements, tasks, and responsibilities that have to
change during the maturity process [RWR06, pages 79–86]. Furthermore, Ross details on
case studies using the maturity stages to evolve their EA management function in [Ro03] and
sketches lessons learned. Ross et al. further discuss the utilization of the operating models
and maturity stages in different application contexts, e.g. merger and acquisitions [RWR06,
pages 176–182] or outsourcing [RB06]. In line with the above argumentation, the approach of
the MIT can be classified as illustrated in table 3.9.

Integration unidirectional bidirectional

Develop & describe current planned target principle question
Communicate & enact current planned target principle question
Analyze & evaluate current planned target delta analysis

Configure to organizational context scope and reach
Adapt to organizational context scope and reach

Table 3.9.: Method classification for the approach of MIT
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3.3.8. The EA management approach of TU Lisbon

EA management approach

Name of approach: (Approach of TU Lisbon)
Issuing organization: TU Lisbon
Focus area: Modeling
Tool support: -
Period of activity: since 2003
Publications: [Va01], [VST03], [Va04], [VST05], [Ca07], [MaZT07], [VST07],

[AMT08], [VST08], [CST09], [AST10a], [AST10b], [Av10], [CST10],
[MZT10], [Za10]

Inner organization: implicit organization

Originating from “information system architecture” (ISA) (cf. [VST03, pages 78–79]), an in-
termediary level between EA and software architecture, the research group of José Tribolet
at TU Lisbon lays a focus on “the representation of the IS components structure, its rela-
tionships, principles, and directives, with the main purpose of supporting business”. With
this broad definition, it is sensible to reconcile the group’s research as contribution to the
field of EA management, especially as more recent publications of Vasconcelos et al. [VST07]
and of Aveiro et al. [AST10b] give indications towards an embracing EA perspective. The
initial work emphasizes on the ISA aspect of EA modeling, e.g. by introducing the so-called
CEO framework that introduces a high-level meta-model for describing ISAs as presented by
Vascocelos et al. in [VST03, page 79], with the work of Caetano et al. [CST09] broadening
the scope to organizational and business aspects. In latter publications also more emphasis is
put on method aspects related to ISA.

Addressing the “matching problem” (cf. Vascocelos et al. in [Va01]), i.e., the missing link
between established disciplines as business process modeling and management, goal model-
ing, as well as IS modeling and development, ISA outlines a trifecta of ISA modeling, ISA
evaluation, and IS/Business alignment assessment (cf. [Va04]) as key activities necessary for
solving this problem. Thus, the early work with its strong emphasis on modeling-related as-
pects abstains from detailing actual steps and tasks for performing these activities, but gives
some abstract indications, e.g. on how to adapt analysis methods from related disciplines like
the architecture trade-off analysis method (ATAM) (cf. [VST05]). Picking up this idea, Vas-
cocelos et al. provide in [VST07, pages 95–111] more precise analysis prescriptions as specific
metrics, which are described via a uniform template called ISA metric template. In later
work, namely [MaZT07, pages 62–63] the authors detail on the importance of ISAs and EAs
as means of communication and elaborate on the stakeholder-specificity of communication
methods reflecting “well-articulated preferences [of users]” and emphasized on the “different
perspectives and viewpoints from which the company is considered” in [VST07, page 92]. Al-
though the aspect of configuration and adaptation of the EA management function is not
directly alluded to in the ISA approach, indications for the importance of the topic can be
found. In [MaZT07, pages 66–67], for instance, the necessity to ‘co-evolve’ the described orga-
nization and the descriptive methods is briefly discussed along the boundary nature of the EA
inviting reflexivity about the organization. In [AMT08] Aveiro et al. discuss on the topic of
communicating architecture states, delineating the need to account for current, planned, and
target states equivocally. The more recent publication of Aveiro et al. [AST10b] furthers these
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discussions and develops the abstract indications on management methods towards more de-
tailed prescriptions on activities in operational engineering, namely (re)generation, operation
and deletion of the enterprise. Central to these considerations is a viability perspective on
the enterprise, regarding the associated management processes as means to ensure viability
of the organization by resolving dysfunctional interplay, i.e., to keep the organization working
as intended in a corresponding to-be model. Where the work of Aveiro et al. in [AST10b,
page 157] stays to abstract descriptions of the contained feedback loops “in tune with the well
known PDCA cycle”, more specific prescriptions can be found in [AST10a, pages 231–233].
A generic exception handling cycle presented there and complemented with an organization-
specific monitoring, diagnosis, exception and recovery table adds some detail on how viability
of the enterprise system may be ensured reflecting the idea of algedonic signals as introduced
by the VSM. The focus of the approach is nevertheless on modeling the feedback loops in
such systems by providing a meta-model capable for describing actions taken as well as par-
ticipants and resources involved (cf. Aveiro et al. in [AST10a, page 238]). With the intention
to generically cover organizational feedback and control processes, no actual prescriptions are
made with respect to the tasks and responsibilities involved in activities for ensuring viabil-
ity. Aveiro nevertheless builds on these foundations in [Av10] and establishes methods for
deriving planned states and for establishing EA principles. Regarding the question of the in-
terplay between EA management and related management functions, Caetano et al. introduce
in [Ca07] the concept of the competency. Competencies are therein understood as classifica-
tions of human participants according to their ability of performing certain tasks. Based on
these classifications, the actor’s involvement in management activities comprised of several
tasks can be discussed. Furthering this understanding, Marques et al. explain in [MZT10] the
complex net of interlinked competencies necessary to manage on an enterprise level, thus giv-
ing strong indications on how to understand and establish integration between management
processes. In the light of the requirements discussed in Section 3.2, we classify the approach
of TU Lisbon as shown in Table 3.10.

Integration unidirectional bidirectional

Develop & describe current planned target principle question
Communicate & enact current planned target principle question
Analyze & evaluate current planned target delta analysis

Configure to organizational context scope and reach
Adapt to organizational context scope and reach

Table 3.10.: Method classification for the approach of TU Lisbon

94



3. Analyzing the State-of-the-Art in Designing EA Management Functions

3.3.9. The Systemic Enterprise Architecture Methodology (SEAM)

EA management approach

Name of approach: Systemic Enterprise Architecture Methodology (SEAM)
Issuing organization: École Polytechnique Fédérale de Lausanne (EPFL)
Focus area: Modeling
Tool support: SeamCAD [LW06]
Period of activity: since 2003
Publications: [RBW03], [We03], [LW04b], [LW05], [LW06], [BW06], [RW06],

[RW07], [We07a], [We07b], [We08], [Re09]
Inner organization: explicit organization

Driven by the the multi-disciplinary nature of EA projects (cf. Rychkova et al. [RBW03],
Lê and Wegmann [LW04b]) and the resulting need to support these projects with methods
and models the systemic enterprise architecture methodology (SEAM) was initially presented
by Wegmann in [We03]. Outlining the central method-model-dichotomy, also alluded to as
“method-notation”-dichotomy by Rychkova et al. in [RBW03], SEAM diagnoses a lack of sup-
port with respect to the method part of EA project support, thus seeking to complement exist-
ing approaches with additional methodical guidance. In [We08] Wegman provides an example
for such a synergy by augmenting the Zachman Framework (cf. Section 3.3.1 and [Za87, SZ92])
with a systemic conceptualization based on SEAM. Constituting a predominant characteristic
of the SEAM approach, the systemic nature of SEAM-based conceptualizations, reverberates
through the different publications. Wegmann formulates in [We03, pages 486–488] the un-
derlying systemic paradigm based on the SEAM ontology, which itself builds on the work of
RM-ODP [In96], and constructivism as epistemological perspective. In line with the construc-
tivism principle, SEAM assumes that knowledge about a system is relative to the observer,
meaning that no observer-independent descriptions of reality exist. Caused by this under-
standing, Wegmann motivates in [We03, page 487] a hierarchical understanding of any system
considering different levels of reality owned by dedicated stakeholders. This understanding
reverberates through the work on SEAM, especially through the foundational language de-
scriptions by Lê and Wegmann [LW04b, LW05], and is further mirrored in the methodology’s
tool support (SeamCAD) presented by the same authors in [LW06].

In line with the understanding of TOGAF, the notion of the EA project as discussed by Weg-
mann in [We03, page 485] is central to SEAM. Such a project is initiated by an organization to
react to or to anticipate change (cf. system three and four of the VSM) and starts with creat-
ing an as-is model reflecting the project-relevant entities. Complementing this model, a to-be
model outlining the expected reaction to the change is created. A stepwise method for creating
both models (as-is and to-be) is described by Rychkova et al. in [RBW03, pages 11–12]. This
method is recursive in its nature spanning different levels of abstraction in the system hierar-
chy, such that lowest level models provide all necessary details for [subsystem] implementation.
As part of the method delta analyses are to be conducted on each abstraction level, identifying
one delta on each level such that a multi-level set of deltas has to be accounted for in finding
the optimal design (cf. [We03, page 485]). Figure 3.14 taken from [We08] summarizes the
cyclic development method as incorporated in SEAM.

The project nature of SEAM is reflected in the notion of the to-be models created in the
development method, which actually represent planned states for the EA or parts thereof,
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• cells in data column – the data or 
information relevant to the perspective (e.g. 
from the organization information in the 
planner row down to the database table in the 
sub-contractor row).  

• cells in process column – the processes 
relevant to the perspective (e.g. from the 
business processes down to the internal 
processing of the IT systems).  

• cells in network column – the networks 
relevant to the perspective (e.g. from the list 
of organizations down to nodes on the 
communication network).  

• cells in people column – the people relevant 
to the perspective (e.g. from the customers 
down to the employees).  

• cells in time column – time information 
relevant to the perspective.  

• cells in motivation column – the 
motivational aspects relevant to the 
perspective.  

Although ISA does not include a process, it does 
specify seven rules that designers should conform to 
when filling the cells [19]. 

1. "The columns have no order." If the columns 
were to have an order, it would imply that one 
dimension is more important than the other, 
when inherently they are all equally 
important.  

2. "Each column has a simple, basic model."  In 
the case of the data dimension, this is an 
entity-relation model; in the case of the 
function dimension, this is a process. The 
designer can choose different modeling 
techniques.  

3. "The basic model of each column must be 
unique." Without this uniqueness, the ISA 
would not be as rigorous. Uncertainty over 
what belongs to which cell would arise. 

4. "Each row represents a distinct, unique 
perspective." A distinct perspective is not a 
change in the level of details; it is instead the 
nature of what is represented that changes. 

5. “Each cell is unique." This rule is a 
consequence of the rules 2 and 3. It 
contributes to making the ISA a useful 
classification scheme. 

6. “The composite or integration of all cell 
models in one row constitutes a complete 
model from the perspective of that row." All 
cells in a row must be logically consistent 
with all the other cells in the same row. 

7. "The logic is recursive." The designer can 
apply the Framework within each row. This 
means that the designer can analyze each row 

from the planner’s, owner’s, builder’s, etc. 
sub-perspectives.  

 
In addition to the ISA matrix, Zachman defines 
additional matrices that we call intra-row matrices. 
They document the relations between different cells in 
a row (e.g. data-to-function, function-to-network, and 
data-to-network – all within a same row) [28]. These 
matrices are important for the design process. For 
example, if the designers want to check which 
functions are dependent on a specific data, they create 
the data to function matrix.  The dependencies between 
data and function are then visible. Zachman does not 
propose matrices to relate the cells between rows (e.g. 
owner row’s data cell–to- data cell in designer row – 
all within a same column). Not having such matrices is 
problematic to the designers, as they cannot check the 
relations between the different rows of the ISA matrix.  
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discourse
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3. Implementation
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ISA
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Figure 2: Description of the design process. 

We can consider that an ISA-based development 
process has three broad phases (Figure 2). First, the 
designers analyze and represent the organization across 
the cells of the different rows and columns of the ISA 
matrix; they also define the intra-row matrices that 
relate the elements of the different cells within the 
rows of the ISA matrix. This model describes the as-is 
situation. Second, the designers analyze the existing 
situation and understand the problem to address. At 
this point, they design different possible solutions; 
each one described in a set of ISA and intra-row 
matrices. The designers compare these solutions and 
select one. The corresponding ISA and intra-row 
matrices describe the situation to-be, i.e. what the 
designers need to implement. Last, the designers 
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Figure 3.14.: Basic development method of SEAM according to Wegmann et al. [We08]

and is further reflected in the context descriptions of SEAM, where a linkage to change and
requirements management is briefly alluded by Wegmann et al. in [We07a, pages 397–398].
The linkage is mediated via graphical models of as-is and to-be, which are discussed in dif-
ferent works by Rychkova and Wegmann [RW07] as well as by Wegmann et al. [We07a]. The
importance of stakeholder-specific models is further emphasized by Wegmann et al. in [We07b,
pages 118–119], where they—in line with the systemic paradigm from [We03]—delineate that
different designers use different views representing relevant parts of the overall system. These
discussions are detailed with remarks on the ways for developing and designing the SEAM
models namely via workshops or using collaborative tools. In an earlier publication [BW06]
Balabko and Wegmann reflect on the topic of methods for designing architecture models. As
part of this reflection they analyze various methods from different disciplines with respect to
their suitability for designing as-is and to-be models on various hierarchy levels. Based on the
analysis’ results an EA project can select a method well-suited for the specific design purpose,
although Balabko and Wegmann abstain from giving details on how to integrate different
methods.

Fostering the analysis of SEAM’s basic development method (cf. Figure 3.14), Rychkova et
al. propose in [RBW03] a conceptual groundwork for analyses. Thereby, they complement
the SEAM notation with an operational semantics described in terms of abstract state ma-
chines (ASMs). In particular, they outline transformations for translating a SEAM model
into a model of an ASM. The underlying idea is concretized and furthered by Rychkova and
Wegmann in [RW06], where the transformation is rewritten based on the ASM description
language of AsmL18 via an AsmL interpretation of SEAM graphical models. Based on the
executable ASM description as well as the notion of behavioral substitutabiliy, Rychkova and
Wegmann devise a method for verifying the alignment of a system design and the according
behavioral requirements. Complementing these behavioral verification, Wegmann et al. ex-

18For a description of AsmL see http://research.microsoft.com/en-us/projects/asml/ (last accessed
2010-11-08).
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emplify in [We07b, pages 113–118] three methods for analyzing the planned design from a
customer and an organizational perspective, critically relying on beliefs of the system’s stake-
holders. This analysis perspective is revisited by Regev et al. in [Re09], who further introduce
a classification of stakeholders in favored, disfavored, and ignored ones. Based on the classi-
fication, a conceptual basis for defining key qualities of any system such as utility or risk via
the existence or absence of a perception for different stakeholder groups is established. Ta-
ble 3.11 summarizes the key characteristics of SEAM against the background of the analysis
framework.

Integration unidirectional bidirectional

Develop & describe current planned target principle question
Communicate & enact current planned target principle question
Analyze & evaluate current planned target delta analysis

Configure to organizational context scope and reach
Adapt to organizational context scope and reach

Table 3.11.: Method classification for the Systemic Enterprise Architecture Methodology

3.3.10. Archimate

EA management approach

Name of approach: ArchiMate
Issuing organization: Telematica Institute / Novay
Focus area: Modeling
Tool support: ArchiMate Workbench [La05, La09a]
Period of activity: since 2003
Publications: [Jo03], [Jo04b], [La04], [La05], [Jo06], [Ar07], [La09a], [Jo10],

[QEJ10], and
http://www.opengroup.org/archimate/doc/ts_archimate/

Inner organization: monolith

The ArchiMate modeling language for EAs is intended to support the description, analysis
and visualization of EAs based on the ISO Std. 42010 (cf. Section 3.1.1) and has been adopted
as an open standard hosted by The Open Group19. The development history of ArchiMate
dates back to the work of Jonkers et al. in [Jo03], who outline the key requirements and
principles of what would later become a “language for coherent enterprise architecture de-
scriptions”. In particular, they introduce a notion of flexibility with respect to the model,
plurality with respect to visualizations as well as viewpoints, and integrability with respect
to existing modeling documentations. Building on this basic understanding, Jonkers et al.
describe the three core aspects of an enterprise that any suitable modeling language should
account for, namely structure, information, and behavior. For each of these aspects as well as
for the three relevant layer, namely business, application, and technology, the ArchiMate mod-
eling language provides appropriate concepts and conceptualizations. Figure 3.15 summarizes
the architecture framework behind the ArchiMate language as made up of the aforementioned
aspects and layers.

19See http://www.opengroup.org/archimate/doc/ts_archimate/(last accessed 2010-10-24) for further de-
tails.
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Figure 5. Architectural framework 

We develop our description language step by step. For 
each next step we validate concepts and add new concepts 
or relations. In this, we follow a ‘middle-out’ approach: 
the focus of this paper is on the business and application 
layers. In a later stage, among other things the product 
domain and the technology layer will be added. 

4.2 Relations  
As observed in the introduction, this paper focuses on the 
business and application layers. Moreover, we focus on 
the concepts that are required to model the “operational” 
issues in an enterprise; i.e. the issues that directly contrib-
ute to the primary processes and business goals. Our aim 
is to describe the relations between existing concepts or 
define specific relationship concepts in order to arrive at 
the desired coherence. Therefore, we draw inspiration 
from existing architecture languages or approaches such 
as UML, Testbed [5] and the RM-ODP Enterprise Lan-
guage [11].  

In addition to the concepts that are required to describe 
the various architectural domains, inter-domain meta-
models are necessary to define the relation concepts be-
tween two or more domains. In this way, a hierarchy of 
domain and inter-domain metamodels can be constructed 
(see Figure 6). 

Domain metamodel Domain metamodel

‘main’
concepts

relation
concepts ‘main’

concepts

relation
concepts

Inter-domain metamodel
relation

concepts

 

Figure 6. Domain and inter-domain concepts 

The order in which the aspects are presented is arbitrary: 
any two aspects may be related to each other. In contrast, 
the layers in the framework constitute a functional or sys-
tem hierarchy. We do not model all inter-layer relations 
explicitely. Following a common layered approach (e.g., 

OSI-model) layers are directly related only to layers di-
rectly above or below them.  

In order to preserve the readability and clarity of mod-
els, we do not model the ‘diagonal’ relations between 
cells explicitly. In our view these relations are not re-
quired for modelling the main coherency. These relations 
can be derived if necessary. 

4.3 Concepts and metamodel 
It is our assumption that, in principle, the same generic 
concepts can be used to describe the structure, behaviour 
and information aspect of systems in all three layers of 
the framework in Section 4.1. In spite of the general ap-
plicability of these generic concepts, it is still very useful 
to also define the concepts specific to each layer. These 
specific concepts are more easily recognised by the rele-
vant stakeholders. Moreover, they are needed to make the 
relations between the layers explicit, which is an impor-
tant goal of our approach. In most cases, the layer-specific 
concepts are straightforward specialisations of the generic 
concepts. 

In Table 1 we first summarise the most important ge-
neric concepts that we have identified, after wich we dis-
cuss their main relationships.  

 

Figure 3.15.: The ArchiMate architecture framework according to Jonkers et al. [Jo03]

Since its initial presentation in the first edition of Lankhorst’s book Enterprise Architecture
at Work [La05], ArchiMate has become more than the modeling language, meaning that
the language is embedded into the context of a comprehensive set of related methods and
guidelines, resulting in the ArchiMate 1.0 specification (cf. Lankhorst in [La09a] as adopted
by The Open Group). Furthermore, a tool support for ArchiMate EA modeling has been
developed, the so-called ArchiMate Workbench. In [Ar07] Arbab et al. describe the architecture
life cycle that should be supported by appropriate architecture models. Similar versions of
this life cycle can also be found in [La05, pages 46–47] and in [La09a, pages 49–50]. The life
cycle consists of the phases a) design, b) communication, c) realization, and d) feedback.

Emphasizing the communication challenge of EA management, the importance to repre-
sent architecture aspects relevant to particular stakeholders is repeatedly discussed e.g.
in [Jo03, Jo04b] and especially emphasized upon by Jonkers et al. in [Jo06]. This central
communication challenge is further mirrored by Lankhorst et al. in [La04], where he deems
EA modeling to be an “issue of integration” that has to bring together information from many
different sources, and as Lankhorst later puts in [La09a, pages 12–22] related governance in-
struments. Adding more detail to answer the question how EAs can be communicated in
an appropriate and stakeholder-specific way, Lankhorst introduces in [La09a, pages 80–84]
the notion of the ‘architectural conversation’. Such conversations are employed to prolifer-
ate architectural knowledge respecting the scope and perspective of the intended audience.
Further, conversations relate to specific knowledge goals as introduce, agree, or commit, of
which each demands for a specific conversation technique. Making the relationship between
knowledge goal and conversation technique more explicit, Lankhorst presents a suitability ma-
trix in [La09a, page 83]. In a similar sense, Lankhorst adds in-depth discussions on how to
select and adapt viewpoints for creating stakeholder-specific visualizations. Special attention
is thereby paid to the stakeholder commitment, i.e., stakeholder awareness and agreement on
the possible social implications of a certain viewpoint (cf. [La09a, page 171]). Central to this
discussion is the understanding that every viewpoint creates transparency with respect to a
certain part of the organization, meaning that stakeholders responsible for this part might be
‘overseen’ by ones having access to according visualizations. In line with this argumentation,
Lankhorst discusses on the topic of scoping viewpoints to convey the information needed to
perform certain activities but not necessarily more. Exemplary viewpoints related to dedicated
EA stakeholders and possible activities are delineate in [La09a, pages 176–194].

First outlined by Jonkers et al. in [Jo03], techniques for analyzing EAs represented in cor-
responding models are detailed both in [La05] and [La09a]. In the first edition of his book
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Lankhorst discusses two different types of possibly interesting EA characteristics, namely
quantitative and functional ones. Detailing on these concepts, he delineates quantitative
methods for assessing performance, reliability, and costs, where for the latter case process
algebras for assessing the dynamic behavior of an architecture are introduced. In the more
recent edition of the book [La09a, pages 231–255], the analyses’ subject are extended to in-
corporate architecture alignment, which may be regarded an intrinsic property of the EA.
More precisely, alignment may be regarded a key goal of EA management and the presented
guidelines regarding architecture alignment as well as the complementing analysis techniques
represent part of a governance structure for EA management, itself. In two recent Open
Group whitepapers [Jo10, QEJ10] more detailed prescriptions on how to perform EA man-
agement are provided. The first whitepaper targets the linkage between EA management
and the enterprise-wide requirements management processes, describing how change demands
and information on the current state of the EA can be used to derive “architecture require-
ments” [QEJ10, page 8–9]. These are subsequently incorporated in a target state of the EA,
from which in turn “realization requirements” are derived and finally converted to realization
plans. This yields the linkage to the activities described in the second whitepaper [Jo10],
which delineates a how projects and as well as their results are reflected in the EA manage-
ment function. Relating the notion of the project from an EA management-perspective with
the understanding of projects promoted by PRINCE2 [Of09], the presented techniques are
useful as means of integrating EA management and project management. Summarizing the
above, ArchiMate presents itself as approach with a strong model focus, whose method-related
prescriptions are limited as indicated in Table 3.12.

Integration unidirectional bidirectional

Develop & describe current planned target principle question
Communicate & enact current planned target principle question
Analyze & evaluate current planned target delta analysis

Configure to organizational context scope and reach
Adapt to organizational context scope and reach

Table 3.12.: Method classification for Archimate

3.3.11. The EA management approach of KTH Stockholm

EA management approach

Name of approach: (Approach of KTH Stockholm)
Issuing organization: KTH Stockholm
Focus area: Modeling
Tool support: EA Tool [Ek09]
Period of activity: since 2004
Publications: [Ek04], [Jo04a], [GLS06], [JNL06], [JE07], [Jo07], [La07], [La08],

[LJ08], [Nä08], [Bu09g], [Ek09], [KUJ09], [RNE09]
Inner organization: monolith

The EA management approach developed at KTH Stockholm centers around methods and
techniques for analyzing EAs with respect to specific qualities. Key addressee of the approach,
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which aims at providing decision support for IT management in enterprises, is the CIO, the
key responsible for strategic IT-related decisions (cf. Ekstedt et al. in [Ek04]). Relating the
topic of EA management to the disciplines of software engineering and IS engineering, the ap-
proach of KTH Stockholm seeks to complement existing approaches for modeling EAs, such
as the pattern-based approach to TU München (cf. [Bu09g]) or the ArchiMate modeling lan-
guage [Nä08]. The theoretic discussions on evaluating architecture qualities are complemented
by Ekstedt et al. in [Ek09] by the outline of an analysis tool.

Reflecting the core topic of the approach, Ekstedt et al. discuss in [Ek04], the basic method for
performing analyses on an EA-relevant level. A user of the method, e.g. the CIO, is required
to prioritize the EA-related questions that should be answered, thereby assigning an expected
utility to each question. Based on the prioritization, the set of required information is derived
and complemented with estimates on costs for gathering the information. Evaluating the
cost/utility ratio for each question, an appropriate organization-specific information model is
derived, the corresponding information is gathered, and the analyses are finally performed.
Aforementioned steps may further be embedded into the environment of the method outlined
by Johnson et al. in [Jo04a]. In the first step of the method, architects create scenarios, i.e.,
modified versions of the current state of the architecture. Quality criteria for these scenarios
are established in the second step and the scenarios are analyzed in the third step (both steps
using aforementioned method). The scenario to be implemented is selected in the final step.
The proposed method well aligns with the understanding of IT management as outlined by
Gammelgård et al. in [GLS06, page 30], where three steps understand, decide, and monitor
are introduced. In [JE07, pages 272–273] Johnson and Ekstedt further discuss methods for
EA management, proposing a process as shown in Figure 3.16, in which each step is assigned
individual responsibilities and participants. Reflecting integration, the process is further linked
with typical processes of IS management, as introduced in the CobIT guidelines [IT09]. To
make the interaction explicit, CobIT-specific artifacts are denoted as input and output artifacts
of the different process steps.

EA management process

Determine 
goals and 

meta-model

Scenario 
generation

Modeling Analysis
Communi-

cation
Decision 
making

Chief
Architect

CIOBusiness
Executive

Enterprise
Architect

Domain
Architect

Figure 3.16.: The normative EA management process of Johnson and Ekstedt [JE07]

Furthering the process proposed by the KTH Stockholm, a consolidated view on the method-
related prescriptions is taken by Källgren et al. in [KUJ09], where guidelines for constructing
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a company-specific EA model framework are delineated. The guidelines mirror the basic idea
of Ekstedt [Ek04] and are constitued of three major steps make EA categorization, identify
desired information, and finalize EA model framework. In the first step the relevant business
and IS goals for EA management are selected and linked to the relevant EA stakeholders in
the second step. In the third step the appropriate viewpoints for the EA management function
are identified, i.e., using the list of viewpoints provided by Johnson and Ekstedt in [JE07].
These viewpoints are further linked to the underlying information models, which are in turn
related to existing information sources in the organization to develop a collection procedure
for the integrated information model. The decision and control centric focus of the approach
of KTH Stockholm is reflected in the classification as shown in Table 3.13.

Integration unidirectional bidirectional

Develop & describe current planned target principle question
Communicate & enact current planned target principle question
Analyze & evaluate current planned target delta analysis

Configure to organizational context scope and reach
Adapt to organizational context scope and reach

Table 3.13.: Method classification for approach of KTH Stockholm

3.3.12. The EA3 CubeTM

EA management approach

Name of approach: EA3 CubeTM

Issuing organization: Scott A. Bernard, Syracuse University
Focus area: Method
Tool support: -
Period of activity: since 2005
Publications: [Be05], [Do08], [BG09], [Do09a], [Do09b], [Do09c]
Inner organization: monolith

In [Be05] Bernard presents his experience gained through his work in practice and academia in
the area of EA management. Identifying the need for a textbook for students, Bernard wrote
An Introduction to Enterprise Architecture Management, in which he presents the EA3 CubeTM

approach. According to Bernard, a framework for EA management follows the dichotomy of
language (what) and method (how) [Be05, page 75] and consists of six basic aspects:

1. an EA governance process, which links the the EA management function to other
enterprise-level management functions,

2. a repeatable methodology describing the management function,

3. a framework representing the core elements and layers, i.e., the scope, of the initiative,

4. an integrated set of artifacts, i.e., architectural descriptions,

5. documentation tools with a repository to support architectural descriptions, and

6. associated best practices, which guide the implementation of the management func-
tion [BG09, page 220].
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These constituents are further detailed subsequently along the EA3 CubeTM.

In [Be05, pages 38–40] Bernard introduces a framework for EA descriptions—the EA cube,
which consists of three dimensions (see Figure 3.17). The first dimension is concerned with
the different architectural levels ranging from high-level strategic goals and initiatives to tech-
nical network and infrastructure aspects. The segments dimension divides the overall EA in
different parts covering one ore more lines of business, i.e., distinct areas of activity in the
organization, from a holistic perspective, i.e., all architectural levels. Complementing, the
third dimension artifacts refers to the components that make up the organization. Thereby,
vertical components that serve one line of business but may affect more than one architectural
levels and horizontal, i.e., crosscutting components, which serve several lines of business, are
distinguished.
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Figure 3.17.: The EA3 cube description framework [Be05, page 40]

The above introduced concept of cross-cutting components cannot be put on a level with the
idea of cross-cutting aspects as introduced in Chapter 1. As the cross-cutting components
introduced by Bernard in [Be05, page 40] relate to instances, while the cross-cutting aspects
introduced in the motivating chapter relate to the class level. Goals of an EA management
endeavor, which represent a cross-cutting aspect in terms of the analysis framework, are
referred to by Bernard in [Be05, pages 64–69] and their relation to supporting components of
the EA is detailed [Be05, page 181]. Similarly, strategies, goals, and measures are discussed
to quantify the EA management endeavor [Be05, pages 72–74] but only from a methodical
perspective.

The need to understand the organizational contexts, i.e., the ”amalgamation of values, beliefs,
habits, and preferences of all of the people throughout the enterprise” [Be05, page 56] to design
a suitable EA management function is emphasized by Bernard. Besides a list of prospective key
success factors for avoiding cultural misinterpretations, Bernard presents detailed examples
for the impact of the organizational context on the design of an EA management function,
e.g. he proposes a segmented approach, which is limited in scope for large or decentralized
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organizations [Be05, page 55] or he indicates that the schedule for updating architectural
descriptions has to be defined [Be05, page 83]. While providing hints and suggestions, which
method is suitable in which organizational context, he abstains from directly linking them or
providing mechanisms for configuration.

In [Be05, pages 83–94] a 20-step process to implement an EA management function is in-
troduced. The steps can be grouped in four phases: Establishment of the EA management
function, framework and tool selection, documentation of the EA, and use and maintain the
EA. In the first phase, aspects as integration with other enterprise-level management func-
tions, e.g. the project management and investment planning (cf. [Be05, pages 198–211]), as
well as the configuration aspects with respect to the organizational context and the intended
scope and reach (cf [Be05, page 87]) are discussed. Thereby, no explicit mechanisms how to
perform this configuration are presented but their importance is accentuated and questions,
which guide the configuration, are provided (cf. [Be05, page 83]). In the second phase espe-
cially the aspect of tool support and best practices for EA management is alluded to. Phase
three is concerned with the development and description of current and future states of the
architecture. Thus, Bernard distinguishes between two different types of future views, the
long-term strategic future views (with a time horizon of 4-10 years) and the medium-term,
planned, tactic views (1-3 years) [Be05, page 41]. The latter ones are derived from changes as
described in the planned initiatives [Be05, page 160]. Thereby, also the importance of variant
development and historization is alluded to (cf. [Be05, pages 160–164]). The Concept of Op-
erations (CONOPS) (cf. Neilson in [Ne00]) is described as exemplary method to develop the
future states. Complementing the temporal snapshots on the EA, an EA management plan
representing a roadmap illustrating the transformation from the current to the future state is
developed. This plan further includes the definition of roles, responsibilities [Be05, page 170]
and boards and their competencies providing the link to other enterprise-level management
functions [Be05, page 204]. While Bernard abstains from detailing methods in terms of tasks
and participants to develop descriptions of the current and future state as well as roadmaps,
he provides exemplary viewpoints how an EA description could look alike, thus leading to a
classification of the approach as shown in Table 3.14.

Integration unidirectional bidirectional

Develop & describe current planned target principle question
Communicate & enact current planned target principle question
Analyze & evaluate current planned target delta analysis

Configure to organizational context scope and reach
Adapt to organizational context scope and reach

Table 3.14.: Method classification for EA3 Cube Framework
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3.3.13. The EA management approach of Niemann

EA management approach

Name of approach: Niemann
Issuing organization: act! consulting (consultant)
Focus area: Method
Tool support: -
Period of activity: since 2006
Publications: [Ni06c]
Inner organization: monolith

Klaus D. Niemann is the managing director of act! consulting, which is specialized in the
development of EAs. Klaus D. Niemann has more than 20 years experience in the area of EA
management (cf. [Ni06c]), which he has written down in a book ”From Enterprise Architecture
to IT Governance” [Ni06c].

The book presents the so-called EA Cycle consisting of the phases document, analyze, plan,
act, and a central check activity (cf. Niemann in [Ni06c, page 37]) as illustrated in Figure 3.18.
According to Niemann in [Ni06c, pages 170–177], EA management as to be integrated in
existing management structures, i.e., the interaction with other processes and functions has to
be defined. Relevant functions are program and service management as well as requirements
and portfolio management, which can have a bidirectional connection in the sense that e.g. the
portfolio management on the one hand receives decisions from the requirements management
as input, whose decisions in turn provide input for the planning activity of EA management
on the other hand.

check!

Figure 3.18.: The EA Cycle of Niemann [Ni06c]

The documentation method is concerned with defining the scope and reach of the EA man-
agement function, implementing, and populating the model [Ni06c, page 41]. Thereby, typical
pitfalls of EA management are sketched and solutions to avoid these shortcomings are pro-
posed. Niemann proposes to structure an EA model according to three main levels called
business architecture, application architecture, and systems architecture [Ni06c, page 77]. For
each of the layers a detailed descriptions of the elements and relationships contained is given
and cross-layer relationships are introduced. Furthermore, functional and non-functional re-
quirements are introduced as cross-cutting aspects, which influence elements on all layers (cf.
Figure 3.19).
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Figure 3.19.: The information model of Niemann [Ni06c]

For the document phase, Niemann emphasizes on the description of the current state of
the EA, the development of planned future states is sketched as part of the plan activity.
Thus, projects from the project portfolio management are considered in development plan-
ning [Ni06c, page 161]. The coverage of projects is neither exemplified nor is the effect of
projects on the EA referred to. To derive and establish principles, i.e., reference models in the
terminology of Niemann [Ni06c, page 97], guiding the future evolution of the EA, Niemann
proposes to evaluate existing development lines and set up standards. Niemann lists different
application scenarios for using these reference architecture models but limits their reach to
the IT-related elements (cf. [Ni06c, pages 102–105]). While Niemann specifies different view-
points applicable to populate architectural descriptions, no hints how this population can be
performed, e.g. via the intranet or e-mail, are given. Similarly, the importance of provid-
ing stakeholder-specific views [Ni06c, page 82] is explicitly referred to, while in contrast no
dedicated audience for the proposed visualizations is given.

To analyze different states of the EA, Niemann proposes several questions for e.g. evaluat-
ing dependency, coverage, heterogeneity, or complexity (cf. [Ni06c, pages 126–152], which
are linked to all architectural layers. Thereby, qualitative as well as quantitative analysis
techniques are provided. According to Niemann, these questions can be used to analyze the
current state of the EA and identify potentials for improvement. For each of the proposed
questions an analysis method is provided. In contrast, methods for evaluating planned states
or for performing delta analyses are not provided by Niemann, although he describes crite-
ria for such an analyses, like cost efficiency, ability to reduce risks, or impact on functional
requirements [Ni06c, page 163].

To support the establishment of an EA management function, Niemann details on different line
organizations of an enterprise, which should be considered and require a different organization
of the EA management function (cf. [Ni06c, pages 178–181]). In the same sense, the author
discusses the need of “steering” [Ni06c, page 121] EA management, emphasizing on aspects like
scope and reach and the need for adapting an EA management function. Nevertheless, precise
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mechanisms to adapt the methods of the EA cycle or how to include an organization-specific
terminology are not given.

Table 3.15 summarizes the analysis results of the EA management approach of Niemann with
respect to methodical aspects.

Integration unidirectional bidirectional

Develop & describe current planned target principle question
Communicate & enact current planned target principle question
Analyze & evaluate current planned target delta analysis

Configure to organizational context scope and reach
Adapt to organizational context scope and reach

Table 3.15.: Method classification for the approach of Niemann

3.3.14. The EA management approach of the University of St. Gallen

EA management approach

Name of approach: (Approach of the university of St. Gallen)
Issuing organization: University of St. Gallen
Focus area: Method
Tool support: ADOben [Ai09b, Ai09c]
Period of activity: since 2007 (2003)
Publications: [ÖW03], [WF06], [AS07], [Br07], [KW07], [Ös07], [SS07], [Ai08b],

[ARW08a], [Fi08], [HW08], [WS08], [Ai09b], [Ai09c], [AW09],
[Ku09], [KW09], [RA09], [AG10]

Inner organization: explicit organization

The University of St. Gallen has a long history in the field of business engineering (cf. Österle
and Winter in [ÖW03]). The comprehension of business engineering as a holistic perspective
for designing organizations in the information-age, nevertheless closely relates to the objec-
tives and goals of EA management. Although abstaining from using the term enterprise
architecture until the year 2007 in which more and more publications specifically devoted to
EA management topics, the engagement of the University of St. Gallen can be dated back
to 2003. In 2007 Winter and Fischer introduced a layered framework for the EA [WF07], on
which more recent publications of St. Gallen are based. The different architectural layers
of the framework reflect a holistic perspective of EA management ranging from business to
technology architecture, which the so-called integration architecture inbetween as illustrated
in Figure 3.20.

According to Winter and Fischer, an EA seeks to provide a cross-layer view of aggregated
artifacts to address challenges that are not confined to a single layer. Three main aims of EA
management are denoted: a) support business IT alignment, b) support business development,
especially business re-engineering as well as IS re-engineering, and c) support maintenance.
In line with this investigation, Aier et al. apply statistical techniques on the outcomes of a
survey in [ARW08a] intended to confirm these aims. In this survey practitioners were asked
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tion.  For example, the organizational goals of a
corporation  (or  government  agency)  that  are
defined on a very aggregate level  in a balanced
scorecard,  are  subsequently  decomposed  into
more and more specific performance  indicators,
resulting in a multilayer goal/indicator aggrega
tion hierarchy. Such aggregation hierarchies are
commonly used not only for goals/indicators, but
also  for  products/services,  business  processes,
organizational  units,  information  objects,  or
software artifacts.

Figure 1 provides a  schematic  illustration of an
EA comprising the above mentioned five hierar
chical layers. On each layer, aggregation hierar
chies are used to represent artifacts on different
levels of aggregation.

Alongside  the  formation  of  architecture  layers
and  aggregation  hierarchies,  views  are  often
used  in  order  to  master  complexity
(Sowa/Zachman  1992).    In  a  multilayer  archi
tecture,  views  can  be  layerspecific  or  cross
layer.  Examples  for  layerspecific  views  in  EA
are  the  structural  view  (organizational  units,
responsibilities) and  the process view (business

processes,  performance  indicators)  on  the  or
ganization/process  layer.  Examples  for  cross
layer  views  are  security  architecture  and  infor
mation architecture.
Based on the concepts of multilayer representa
tion, aggregation hierarchy and crosslayer view,
EA can  be defined as  the  view  that  represents
all  aggregate  artifacts  and  their  relationships
across all  layers (Fig. 1). This  is due to the fact
that only the most aggregate artifact representa
tions  can  be  ‘fundamental’,  and  that  all  more
decomposed artifact representations have  to be
covered by specialized architectures.

The  remainder  of  this  paper  is  organized  as
follows:  In  Section  2  we  analyze  several  EA
approaches with regard to the core artifacts they
propose.  Interfaces  to other corporate architec
tures and models are discussed in Section 3. In
Section  4,  we  compare  our  recommendations
against several EA case studies in large compa
nies  from  different  countries  and  industry  sec
tors.  In  Section  5,  conclusions  regarding  the
level of detail of EA core artifacts and their inter
faces  to other  architectures  are drawn,  and an
outlook to future research in this area is given.

Business
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Integration
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Software
Architecture

Enterprise
Architecture

Technology
Architecture

Figure. 1. Enterprise Architecture as a Crosslayer View of Aggregate ArtifactsFigure 3.20.: Essential layers of an EA [WF06]

to rate 15 properties of an EA according to the level of implementation experienced in the
specific organization. Clustering the survey’s results, Aier et al. discover what they call three
different EA scenarios, reflecting typical stages that an organization managing its EA can be
in. In [RA09] Riege and Aier further the above idea towards a contingency framework for EA
management, i.e., an organized set of factors that may influence the actual make-up of an
EA management function in an organization. Relating the factors back to the aims that the
corresponding organization seeks to pursue with EA management, Riege and Aier are able to
predict, which of the subsequent aims is—based on the contingency factors—most important
for an organization:

∙ support of business strategy development,

∙ support of business operations, or

∙ support of IT management.

Further emphasizing on configuration to organizational specificities, Schelp and Stutz ap-
proach the topic of EA management in [SS07] from a strategic perspective, thereby showing
how to apply the balanced scorecard mechanism onto the topic. They devise the EA scorecard
framework, which relates the different perspectives of the scorecard to the above introduced
EA layers. Further, they delineate the method for applying scorecards consisting of four
stereotypic steps (cf. [SS07, page 9]) as 1) develop strategy and metrics on business level,
2) define business goals, 3) monitor metrics with the framework, and 4) adjust strategy, goals,
and metrics. While abstaining from providing details on the steps, a four step PDCA-like
(cf. [De82, Sh86]) method is a recurring principle throughout the EA management approach
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of the University of St. Gallen. For the control activity of the PDCA cycle, a technique for
analyzing EAs is outlined by Aier and Schelp in [AS07], which interprets the EA as untyped
graph. The method uses clustering algorithms for determining (candidates for) structuring
principles, so called domains. This idea is later furthered by Aier and Winter in [AW09] to
create proposals on how to organize the decoupling of business and IT. Enhancing the topic
of EA analysis, Winter and Schelp reflect in [WS08, pages 549–550] on the different types of
analyses that may be performed on an EA organized in layers as shown in Figure 3.20. Basi-
cally distinguishing between intra-layer, inter-layer, and extra-layer analyses, they expatiate
on seven different kinds of analyses ranging from simple dependency analyses over complexity
analyses to more economically motivated cost or benefit analyses. These analyses may be
understood as techniques embedded into the larger whole of a consistent EA management
method.

Taking a holistic perspective on the design of an EA management function, Hafner and Winter
discuss requirements and the general make-up of an EA management method in [HW08],
demanding at foremost that the model is both scalable with respect to the covered part of the
organization and evolutionary accommodating a changing level of process maturity. Further,
they require a method to be organizationally compatible, meaning that each organization has its
specific culture, stakeholder setting and involved participants, which the method has to adapt
to, without detailing on how to perform this adaptation. Deriving from three case studies at
Credit Suisse, Die Mobiliar, and HypoVereinsBank as well as from theoretic underpinnings
in literature, Hafner and Winter delineate the four core activities of the process model with
related sub-activities as show in Figure 3.21.

 
 

Figure 11. Consolidated Process Model for Architecture Management 

6. Conclusion and Outlook 
 
The aim of this article is to identify a process model 

for application architecture management that can be used 
as a reference for establishing company-specific architec-
ture management. The basis for that development encom-
passes the understanding of enterprise and application 
architecture as documented in section 1 as well as the 
requirements summarized in section 2. From the large 
number of proposals for application architecture man-
agement, a selection has been discussed that meets man-
datory requirements R1, R2 and R4. The discussion 
shows that the degree to which the assessment require-
ments can be satisfied is far from complete (section 0). 
For this reason, three cases from large companies are 
analyzed and compared in section 4. A consolidated 
process model is derived from these in section 5. The 
proposed reference processes address application archi-
tecture management (R1), comprise important compo-
nents of a methodology (R2) and support an incremental 
architecture evolution (R4). R3 as well as R5 through R11 
are secured in particular by management cycles and the 
differentiated and scalable analysis of requirements (con-
nectivity - R5, analysis of influencing factors - R8), archi-
tecture artifacts (methodological results - R7, visions - 
R9), architecture representation (inconsistency manage-
ment - R10, connectivity - R5, service orientation - R11) 
and architecture management (performance indicators - 

R6). Thus, on the one hand the proposed consolidated 
process model fulfills the goals of the investigation. On 
the other hand, the quality of the process model recom-
mendation [22] cannot be definitely verified. According 
to constructivism, this can only be decided according to 
the adequacy perceived when the model is adopted in the 
context of individual circumstances. Schütte emphasizes 
that reference models are not allowed to be completely 
built based on a defined system of goals and requirements 
[21] because goals and in particular their interrelation-
ships highly vary depending on the adoption context of 
the reference model. This is why the recommendation of 
the present reference process model cannot be treated as 
universally valid only regarding the fulfillment of the set 
of goals and requirements of section 2. For this reason, 
only the universal validity of the requirements system can 
be decided – based on its direct derivation from architec-
ture management literature – as well as the compliance of 
the consolidated process model regarding the list of re-
quirements. 

As a result of the paper, it can be stated that evolutio-
nary, process-oriented application architecture manage-
ment is comprised of four phases (= interrelated sub-
processes):  architecture planning, architecture develop-
ment, architecture communication and architecture lobby-
ing. The cases exhibit compatibility not only regarding 
these four sub-processes, but also similarities regarding 
the activities which make up these phases (cf. section 5) 
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Figure 3.21.: EA process model of Hafner and Winter [HW08]

In line with the KM perspective presented before, the four core activities may be identified as
relating to typical knowledge intense disciplines with the possible exception of the architecture
lobbying, which is quite specific for EA management. This may be ascribed to the EA manage-
ment function often not being empowered to actually make prescriptions for the organization.
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The core activities of Hafner and Winter are further mirrored in the work [Fi08, pages 114–
118] of Fischer, although the latter identifies four slightly different core activities20 namely
strategic dialog, architecture development, architecture implementation, and architecture main-
tenance. Following a well-defined method, Fischer details the activities via an intermediary
M1-level to specific processes described in an activity-diagram like syntax [Ob10d] on M0-
level. Iterating over the the different processes, Fischer describes [Fi08, pages 145–184] the
distinct tasks, their execution order as well as the assigned participants in detail. Furthering
the multi-level understanding of the EA management method, Fischer further discusses the
organizational structures and roles (cf. [Fi08, pages 185–205]) that are required to support the
aforementioned M0-level processes. Beside this organizational embedding of the processes, no
references to other contingency factors of EA management are provided.

Furthering the findings of Fischer, Aier et al. return in [Ai08b] to an understanding of EA
management as a design discipline mirroring characteristics of classical engineering disciplines,
summarized in line with Shaw [Sh90] as “creating cost-effective solutions for relevant problems
using scientific knowledge in service to society”. From this, Aier et al. derive two relevant
consequences, namely the question of depth vs. width and a set of general mechanisms used in
EA management. While the former question relates to scoping an EA management endeavor
in terms of the concerns covered, the general mechanisms described may be used as part of the
M0-level processes of Fischer. In particular, Aier et al. describe model navigation mechanisms
as well as viewpoints that may be used to comprise specific information to a stakeholder. These
mechanisms are revisited by Aier et al. in [Ai09b] and [Ai09c], where they show how the
mechanisms can be implemented in a meta-modeling platform (ADOxx21 of BOC), creating
the business engineering navigator (ADOben). The question of organization-specificity of EA
management that reverberates especially throughout more recent publications on the topic of
the University of St. Gallen is central subject to the discussions undertaken by Kurpjuweit
and Winter in [KW09]. This article, furthering the considerations from [KW07], especially
describes on how to configure an EA perspective to the stakeholder’s architecture perception.
In the recent work [AG10, page 60] of Aier and Gleichauf the topic of “EA planning” is
discussed and the understanding of different states of the EA (current, planned, and roadmap)
is put on a sound methodical basis. In particular, dedicated activities for transformation
design, namely a) delta analysis, b) identify projects, c) identify temporal interdependencies,
and d) schedule projects, are described and linked to the underlying conceptualizations of
the EA. In the light of the results and contributions described above the method related
prescriptions of the EA management approach of the University of St. Gallen can be classified
as shown in Table 3.16.

Integration unidirectional bidirectional

Develop & describe current planned target principle question
Communicate & enact current planned target principle question
Analyze & evaluate current planned target delta analysis

Configure to organizational context scope and reach
Adapt to organizational context scope and reach

Table 3.16.: Method classification for the University of St. Gallen

20The EA management method consisting of these activities is called M2 model.
21For more information on the ADOxx meta-modeling platform, see e.g. http://www.openmodels.at/c/

document_library/get_file?p_l_id=65121&folderId=65129&name=DLFE-2505.pdf (last accessed 2010-
10-24).
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3.3.15. Strategic IT management of Hanschke

EA management approach

Name of approach: Strategic IT management
Issuing organization: iteratec GmbH (consultancy)
Focus area: -
Tool support: iteraplan
Period of activity: since 2010
Publications: [Ha10]
Inner organization: explicit organization

Using the term strategic IT management, Hanschke presents in [Ha10] a pragmatic approach
to EA management. By means of providing a workable toolkit consisting of a collection of
practice-proven prescriptions and guidelines for the EA management context, Hanschke com-
plements existing literature on strategic IT management, which according to her perspective
is patchy and lacking real-life application [Ha10]. Reflecting the pragmatic nature of the
approach, the majority of statements contained in [Ha10] do not detail on the intricacies of
doing research on a sound and coherent terminological basis, leading to issues of ambiguity.
The proposed prescriptions and guidelines are implemented in an open source tool iteraplan22.
Thereby, the tool in particular incorporates the language perspective as promoted by Hanschke
in [Ha10, page 125]. Central to the language perspective on the management subject, is a set
of interrelated sub-architectures as shown in Figure 3.22 (cf. Hanschke in [Ha10, pages 65–
67]). Although Hanschke emphasizes on the application architecture and the corresponding
management activity of IT landscape management, best practices and prescriptions for each
of the sub-architectures are provided by the strategic IT management toolkit in [Ha10].

Figure 3.22.: EA framework “Best practice enterprise architecture” of Hanschke [Ha10,
page 66]

22For more details on iteraplan see http://www.iteraplan.de/en (last accessed 2010-10-26).
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In line with the best practice EA framework, Hanschke presents methodic guidance for the
business architecture—business landscape management (cf. [Ha10, pages 89–96])—the appli-
cation architecture—IT landscape management (cf. [Ha10, pages 105–218])—and the techni-
cal architecture—technical standardization (cf. [Ha10, pages 219–250]). Strong emphasis is
thereby laid on IT landscape management, whereas no dedicated methodical prescriptions
are made concerning the infrastructure architecture. Regarding IT landscape management,
Hanschke describes four distinct main-processes: documenting, analyzing, planning, and gov-
erning. For each of these processes, the IT management toolkit details on activities to be
performed, constraints to be accounted for, and participants to be involved in. The level of
prescriptions provided can be exemplified with the process of IT landscape documentation, for
which Hanschke recommends to devise a “maintenance concept” [Ha10, page 232–236], which
not only describes, who is responsible for keeping which information up-to-date, but further
supplies information on related enterprise-level management functions, e.g. project portfolio
management, that may serve as sources of according information. Considering the process
of analyzing IT landscapes Hanschke describes coarse-grained categories for typical questions
and provides a template that can be used to describe organization-specific “analysis patterns”
in [Ha10, pages 140–142]. Exemplary applications of this template illustrate, how detailed
steps for performing analyses may look like. Thereby, also delta analyses are detailed, which
can be used to compare current and to-be (plan) states of an IT landscape [Ha10, page 158].

Figure 3.23.: IT landscape planning process according to Hanschke [Ha10, page 158]

Sharing the view on EA management as a management function, Hanschke details on the
process of IT landscape planning as a circular and ongoing process, which iteratively performs
steps of design/documentation and analysis of dedicated landscape states (cf. Figure 3.23).
Further detailing this process, Hanschke describes how intermediary planned landscapes can
be derived from the to-be landscape, which in turn is based on the current landscape and
on additional information on business requirements and strategic objectives. Practice-proven
method fragments, so-called planning patterns, are thereby applied. Complementing the tri-
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fecta of documenting, analyzing, and planning, the topic of communicating EA plans in a
stakeholder- and organization-specific manner reverberates through the work of Hanschke
in [Ha10]. The communication aspect is further concretized in multiple exemplary visualiza-
tions and dedicated communication processes especially for the current landscape along with
mechanisms to integrate IT landscape management with other enterprise-level management
functions (cf. [Ha10, pages 190–193]). The communication aspect is picked up with respect to
standards as part of technology landscape management. In detail Hanschke describes steps for
developing, maintaining, communicating, and enacting technological standards reflecting EA
principles.

Incorporating the idea of EA management governance, i.e., system five in terms of the
VSM, the strategic IT management approach of Hanschke discusses structures, roles, and
responsibilities necessary to successfully implement the toolkit in a using organization
(cf. [Ha10, pages 261–312]). Furthermore, different maturity levels of IT landscape manage-
ment (cf. [Ha10, pages 194–206]) describe a possible roadmap for adapting scope and reach of
the management function, but also discuss how additional stakeholders may be involved into
the management processes by making them beneficiaries of the artifacts, documentations, and
visualizations. Table 3.17 shows how the approach of Hanschke [Ha10] can be classified with
respect to its methodical coverage against the framework devised in Section 3.2. It neverthe-
less has to be added that the methodical prescriptions are limited to methods for IT landscape
management and technology landscape management, hence not targeting an embracing EA
management approach.

Integration unidirectional bidirectional

Develop & describe current planned target principle question
Communicate & enact current planned target principle question
Analyze & evaluate current planned target delta analysis

Configure to organizational context scope and reach
Adapt to organizational context scope and reach

Table 3.17.: Method classification for Strategic IT management

3.4. Summary and conclusion

Recapitulating the above analysis results, indications towards an ongoing consolidation pro-
cess can be identified in the EA management discipline. Revisiting the discussions of the
single approaches a general agreement on the main activities of EA management as derived
from the kernel theories can be stated, which can additionally be backed from the perspective
of EA management practitioners as the survey of Winter et al. showed in [Wi10]. Notwith-
standing these agreement, different approaches emphasize on different aspects not only with
respect to the method-language dichotomy, but also with respect to the used level of detail
concerning their prescriptions. Revisiting the above approaches against the background of the
analysis frameworks from Section 3.2, we could further show that as of today a comprehensive
approach addressing all aspects of EA management is still missing. Nevertheless, methodi-
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cal prescriptions on varying levels of detail can be found for the different dimensions of our
analysis framework as summarized in Table 3.18 and presented subsequently.

Develop & describe are well covered by a majority of approaches, especially when it comes
to prescriptions on how to document the current state and how to create a vision for
a target state of the EA as well as a transformation roadmap. Prescriptions on how
to develop architecture principles and how to develop as well as describe architecture
questions are on the contrary scarce.

Communicate & enact are also well addressed by many approaches, nevertheless with a sig-
nificant drop in the frequency of communication-related prescriptions, when it comes to
architecture roadmaps, architecture principles, and architecture-related questions. Lat-
ter fact may nevertheless not be considered a surprise, as different literature on EA
management [Ch10, Ku09, La09a] reports on difficulties in communicating stakeholder
concerns. This would in turn be a prerequisite of communicating the relevant questions.

Analyze & evaluate have a fairly good coverage, but the lowest of the three core processes.
In particular, only a few approaches concern themselves with methods for analyzing
target states and development of roadmaps. The need for different techniques to perform
analyses however is put in different approaches, leading to a first classification in expert-
based, rule-based, and indicator-based analysis techniques as identified by us
in [BMS09a].

Integration is, despite EA management being a topic heavily relying on coordinating and
informing existing management functions, not addressed by about one third of the ap-
proaches. Regarding the other approaches both integration scenarios are nearly equally
alluded to. This points to the fact that many EA management approaches seek to install
EA management as a super- or sub-ordinate management function instead of establishing
a dense web of bidirectional linkages.

Configure & adapt to are not well covered by the approaches. In particular, questions on how
to tailor and re-tailor the methods in a changing organization are not addressed in depth,
although some approaches discuss contingency factors for an EA management function.
In contrary, many approaches do nevertheless mention the need for organization-specific
tailoring and give indications on organization-specific aspects as the goals pursued by
the EA management endeavor and the organizational context in which the management
function has to be embedded.

Building on the overview on the existing knowledge base of EA management method pre-
scriptions, the developed method framework consisting of the main activities develop &

describe, communicate & enact, analyze & evaluate, and configure & adapt is
substantiated. Existing approaches and their method prescriptions can be characterized ac-
cording to this framework. This makes the method framework a good starting point for a
mechanism to find, select, configure, integrate, and adapt existing method prescriptions. A
prerequisite for such an configurable approach grounded in existing prescriptions is a con-
ceptual foundation, i.e., a model for EA management method prescriptions, which supports
organization-specific configuration. The requirements for such a conceptual model are elicited
in the subsequent chapter.
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Integration unidirectional bidirectional
(2, 3, 6, 7, 15) (9, 10, 11, 13, 17, 18, 19, 20, 21)

Develop & describe current
(1, 2, 3, 4, 5,

6, 7, 8, 9, 11,

12, 13, 14, 15,

16, 17, 19, 20,

21)

planned
(8, 9, 12, 13,

14, 17, 19, 20,

21)

target
(2, 3, 4, 6, 8,

9, 10, 11, 13,

15, 16, 17, 18,

21)

principle
(8, 13, 18, 19,

21)

question
(7, 11, 13, 14,

19, 21)

Communicate & enact current
(1, 2, 3, 4, 5,

6, 7, 9, 11, 12,

13, 14, 15, 16,

19, 20, 21)

planned
(9, 10, 11, 12,

20, 21)

target
(2, 3, 4, 6, 9,

10, 11, 13, 15,

16)

principle
(18, 21)

question

Analyze & evaluate current
(5, 7, 11, 13,

14, 16, 19, 20,

21)

planned
(12, 14, 20)

target
(11, 13, 15,

21)

delta
analysis
(4, 8, 12, 20,

21)

Configure to organizational
context
(8, 10, 17, 19,

21)

scope
and reach
(4, 6, 13, 14,

17, 18, 20)

Adapt to organizational
context
(9, 10, 21)

scope
and reach
(9, 13, 14, 18,

20, 21)

1 The Zachman Framework
2 Architecture of Integrated Information Systems (ARIS)
3 The Integrated Architecture Framework (IAF) [Wo10]
4 Enterprise Architecture Planning (EAP) [SH93]
5 The Generalised Enterprise Reference Architecture and Methodology (GERAM)
6 Semantic Object Model Approach
7 Multi-perspective Enterprise Modeling (MEMO) [Fr94, Fr98a, Fr98b, Fr99, Ju07, Fr08, He08, Ki08, Fr09]
8 The Open Group Architecture Framework (TOGAF)
9 Extended Enterprise Architecture (E2A)
10 EA management approach of MIT
11 EA management approach of TU Lisbon
12 Systemic Enterprise Architecture Methodology (SEAM)
13 Archimate
14 EA management approach of KTH Stockholm
15 Finnish Enterprise Architecture Research (FEAR) [HP04, PH05, Pu06, IL08, LHS08, VS08, PNL07, SHL09, VSL09]
16 Methodology for (re)design and (re)engineering organizations (DEMO) [Di05, Di06, LD08, ED09]
17 The EA3 CubeTM
18 Dynamic Architecture for modelling and development (DYA) [Wa05, St05, BS06, SBB07a, SBB07b, Lu09, SB09,
Br10, St10a]

19 EA management approach of Niemann
20 EA management approach of the University of St. Gallen
21 Strategic IT management of Hanschke

Table 3.18.: Summary of method classifications
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CHAPTER 4

Towards a Building Block-Based Method to Design EA Management

Functions

Taking into account the complex management subject an EA management function has to
deal with and considering the changing problems EA management endeavors have addressed
in the last years (cf. [BES10a, BMS10l]), the presumption that “there is no method that fits
all situations” [Ha97, page 6] turns out to be true for the context of EA management. As
the state-of-the-art analysis in the preceding chapter showed, the topic of designing an EA
management function has been approached from various directions in the past with each ap-
proach having a different focus. The large number of papers, books, and theses published in
the last years on methods, models, and case studies in the context of EA management (cf.
Mykhashchuk in [My11]) mirrors the ill-structured nature of the research field lacking theory
development either with respect to an embracing approach to EA management or in the sense
of integrating competing approaches with differing foci. Incorporating the existing knowledge
base on EA management, the integration approach seems to be most valuable to us. Thereby,
an organization willing to establish an EA management function, has to perform configu-
ration, i.e., to customize, integrate, and adapt prevalent approaches. Nevertheless, existing
approaches typically do not provide techniques and methods for integration and adaptation
as the literature review revealed.

In this chapter we establish the foundations for our approach—building blocks for EA man-
agement solutions (BEAMS)—that closes the aforementioned gap. The outline of the basic
solution idea of BEAMS starts with an elicitation of characteristics of the EA management
function in Section 4.1. This elicitation uses a twofold approach: First, we seek to understand
quality criteria of a ‘good’ EA management function and second we elicit requirements for the
design of an EA management function. Starting with an academic perspective, we take into
account our lessons learned from the analysis of current EA management approaches in Chap-
ter 3 and revisit existing lists of requirements for an EA management function as proposed
by Hafner and Winter [HW08] as well as GERAM (Bernus and Nemes [BN94]). The aca-

115



4. Towards a Building Block-Based Method to Design EA Management Functions

demic perspective is complemented by a practitioners’ perspective using a comprehensive set
of scenario descriptions we gathered during workshops with industry partners. Section 4.1.1
closes with a comprehensive set of nine quality criteria that describe the intended result of our
development method. In contrast, Section 4.1.2 takes a utilitarian perspective and elicits re-
quirements based on the expectations of the intended users of the development method. The
comprehensive list of requirements is complemented by the general guidelines of Hevner et
al. [He04]. To address the characteristics of EA management functions, Section 4.2 discusses
kernel theories from the area of EA management and related domains that lay the groundwork
for our development method. Starting with the field of method engineering [Br96], we further
revisit the contributions of situational method engineering [Ha97], explore the idea of inten-
tional modeling [Yu96], and conclude with the idea of a pattern language for EA management
as initially proposed by us in [Bu07c] and developed further by Ernst in [Er10]. Based on
the prevalent work, Section 4.3 presents the conceptual basis of BEAMS and the associated
development method for designing organization-specific EA management functions. The de-
velopment method builds on a method base, which we identify with the design theory nexus
as introduced by Pries-Heje and Baskerville [PHB08] as revisited in Section 2.2.3. While we
postpone the detailed description of the constituents of the method base and the development
method to Chapter 5, the main constituents of the solution are discussed and their interplay
is sketched to outline the general characteristics and design of our solution.

4.1. Characteristics of the development method

Answering research question 3 (cf. Section 1.1), this section elicits characteristics, i.e., quality
criteria and requirements that the EA management domain exerts on the design of corre-
sponding management functions. In line with the argumentation from Chapter 2, we address
a twofold design problem. While an organization-specific EA management function represents
a design artifact, this thesis does not aim at the design of a single EA management function
for an associated organization, but targets the aspect of ‘designing’ in general. Therefore the
research outcome of this thesis is not a classical design artifact in the sense of Hevner in [He04],
but is a development method for design artifacts, i.e., a prescriptive theory in terms of Gre-
gor [Gr06, page 12]. The elicitation of the characteristics is accordingly performed on two
levels; the level of the design artifact—the organization-specific EA management function (see
Section 4.1.1)—and the method level of developing an organization-specific EA management
function (see Section 4.1.2)—the development method. In the former case, quality criteria are
derived directly from the EA management domain, while in the latter case, the requirements
are elicited against the general knowledge base derived from theoretical and practical expe-
riences in EA management endeavors and further complemented by guidelines from related
domains as the guidelines of modeling as proposed by Becker et al. [BRS95] and the general
research guidelines for design science of Hevner et al. [He04, page 83].

4.1.1. Quality criteria of an organization-specific EA management function

Existing EA management approaches typically have a distinct perspective on the problems
that can be addressed. This perspective leads to a specific set of quality criteria, which the
approach fulfills. As no commonly agreed set of quality criteria or requirements an EA man-
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agement function has to fulfill exists, each (research) group has defined its own quality criteria
(cf. Op ’t Land et al. [La09c, pages 22–23]). The different problems discussed in prevalent
approaches are nevertheless to detailed and lack the necessary generality for reasoning what
characteristics make up a ‘good’ EA management function. Therefore, we subsequently use
four main sources to elicit quality criteria for an organization-specific EA management function
on a more general level, namely

∙ the lessons learned from the literature review presented in Chapter 3,

∙ the set of requirements for the design of an EA management function as presented
by Hafner and Winter [HW08, page 3], which build on the work of Birkhölzer and
Vaupel [BV03],

∙ the requirements specified by GERAM (cf. Bernus and Nemes [BN94, pages 4–5], Bernus
and Nemes in [BNS03, pages 14–15], and the ISO Std. 15704 [In99]), and

∙ a comprehensive set of scenario descriptions gathered in three workshops with 30 in-
dustry partners and compiled as part of the Enterprise Architecture Management Tool
Survey 2008 (EAMTS 2008) [Ma08].

Hafner and Winter [HW08] introduced in 2008 a process model for architecture manage-
ment that according to their own statement can be considered a “reference for establishing
organization-specific architecture management” [HW08, page 8]. The process model is devel-
oped based on a set of proposed requirements for the EA management function, which is taken
from previous work on IT architecture by Birkhölzer and Vaupel [BV03]. With the focus on
IT architecture, Birkhölzer and Vaupel elicit in [BV03, page 37] the following requirements an
architecture should fulfill: 1) expressiveness, 2) economic and operational efficiency, 3) encap-
sulation, 4) scalability, 5) capability to evolution, 6) stability, and 7) comprehensibility. These
requirements are later applied onto the architecture management process, where especially the
capability to evolution is emphasized as major paradigm [BV03, pages 50–51]. Building on the
idea of Birkhölzer and Vaupel, Hafner and Winter provide in [HW08, page 3] the subsequent
list of requirements an EA management approach needs to fulfill:

∙ HW1 Since application architecture takes on a crucial role for IT business
alignment, an approach must explicitly address application architecture
management1

∙ HW2 To operationalize architecture management and to embed it in the
organization, an approach must propose a detailed process model.

∙ HW3 Architecture management should be scalable with increasing require-
ments.

∙ HW4 Architecture management must have an evolutionary character as
its influencing factors mean that it must continually balance the long-term
alignment of the architecture against short-term entrepreneurial success.

∙ HW5 Architecture management should be organizationally compatible

with its associated tasks, particularly in information systems management.

1The term application architecture management is used by Hafner and Winter [HW08] as a synonym for EA
management. Although application architecture is typically understood to have a narrower focus, we use
the term here to stay to the original terminology as employed by Hafner and Winter.
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∙ HW6 Architecture management should be able to corroborate its effective-
ness and efficiency in the form of performance indicators.

∙ HW7 Architecture management should produce methodological results
in the form of architecture artifacts such as models, standards, etc.

∙ HW8 Architecture management should allow for the constant analysis of its
influencing factors and its long-term objectives.

∙ HW9 Architecture management should allow for the development of visions
for to-be architecture alternatives.

∙ HW10 Obviously, it is not possible to assume a consistent enterprise archi-
tecture at a specific point in time, which means there should be a prime focus
on dealing with inconsistencies.

∙ HW11 While maintaining an exchange with its stakeholders and associated
task areas, application architecture management should adopt a service-

oriented approach in the virtual absence of other options for pushing
through its points of view or of other benefit arguments.

Joining the list of quality criteria from an academic point of view, the requirements of GERAM
(see Section 3.3.3 are presented subsequently (cf. Bernus and Nemes [BN94, pages 4–5], Bernus
and Nemes in [BNS03, pages 14–15], and ISO Std. 15704 [In99, pages 4–8]). GERAM is a
generalized framework against which EA management-related approaches can be mapped. In
other words, GERAM can be understood as “common baseline” or “to-do list” [No03, page 200]
for EA management approaches. According to these requirements, an EA management func-
tion should

∙ G1 cover all activities necessary for describing, designing, implementing, operating,
maintaining, and improving enterprises and their constituents.

∙ G2 provide a consistent modeling environment leading to executable code, which is
modularly constructed, incorporates alternative methodologies, and therefore can be
extended (G2.1). The modeling environment should not restrict the methodologies
used (G2.2).

∙ G3 encompass an easy to use method, which is understandable and usable by the com-
munities targeted (G3.1). The method should identify the application circumstances,
which must hold (G3.2) and be expandable to incorporate new engineering methods
that come into existence (G3.3). It should be technically correct and organizational
implementable (G3.4). The method should specify roles and responsibilities (G3.5)
as well as allow cost and performance evaluation, i.e., address the need for an eco-
nomic aspect (G3.6). The method should be specified both on a general and detailed
level (G3.7).

∙ G4 allow the adoption of good practices for building reusable, tested building
blocks (G4.1). The best practice building blocks should thereby be the results of rigor-
ously conducted and theoretically well-founded research to ensure durability (G4.2).

∙ G5 provide a unified perspective on the constituents of the EA, e.g. processes or prod-
ucts, to tie and relate other enterprise processes (G5.1) and support evolutionary inte-
gration as well as adaptation (G5.2).
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Complementing the academic view above, we elicit practitioners’ interests and quality criteria
for the development of an EA management function. Therefore, we use the set of scenarios
that we developed for the EAMTS 2008. Each of the 18 scenarios is described by a core
concern on an abstract level, which is further concretized with questions that are answered
during performing typical EA management activities. While the set of scenarios was initially
developed as a set of requirements for analyzing EA management tools, the scenarios also
provide a valuable basis for deriving quality criteria for an EA management function. This
is especially true, as the methodical formalism which was applied by us [Ma08, page 4–5] to
develop the scenarios comprises the involvement of 30 industry partners from global acting
enterprises (e.g. BMW Group, Deutsche Bahn, Deutsche Bank, EWE, Kühne+Nagel, Nokia
Siemens Networks, Procter & Gamble, Unicredit Group, and Wacker Chemie). The applied
methodology can be summarized in five sequential steps as follows:

1. Derive initial scenario description from project experiences and scientific literature,

2. conduct on-site workshops with the survey’s industry partners,

3. revise scenarios descriptions to on-site feedback provided by reviewers and add or reshape
scenarios appropriately,

4. conduct remote reviews with industry partners of the survey, and

5. revise and finalize scenario descriptions based on the feedback.

With this methodology, we compiled a comprehensive set of scenarios based on existing liter-
ature but further leveraging the knowledge of 30 industry partners, of which a majority (25)
sent at least one leading EA representative to the on-site workshops. The developed scenarios
are classified into two distinct sets: scenarios concerned with specific tool requirements and
scenarios of dedicated EA management tasks. The scenarios of the former set are:

∙ E1.1 Importing, editing, and validating model data reflects requirements for importing
and exporting data from different formats as EA-relevant data sources usually already
exist in an organization prior to the introduction of an EA management tool.

∙ E1.2 Creating visualizations of the application landscape focuses on presentation capa-
bilities, i.e., the creation of EA-related artifacts like matrices, diagrams, reports, or other
visualizations.

∙ E1.3 Interacting with, and editing of visualizations of the application landscape deals
with functionalities for handling and interacting with visualizations.

∙ E1.4 Annotating visualizations with certain aspects refers to the desired capability to
annotate visualizations, e.g. with calculated indicators (metrics).

∙ E1.5 Supporting lightweight access reflects requirements concerned with the multitude
of stakeholders participating in the EA management initiative and concerned with easy
access to EA-related information, e.g. via a web interface.

∙ E1.6 Editing model data using an external editor is concerned with the capability to
enable offline access and manipulation of data.
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∙ E1.7 Adapting the information model mirrors the requirement to adapt the tool’s un-
derlying conceptual information model of the EA in the initial configuration but also at
a later date in the EA management initiative.

∙ E1.8 Handling large scale application landscapes refers to techniques for dealing with
the complexity of the management subject, i.e., large-scale EAs.

∙ E1.9 Supporting multiple users and collaborative work is concerned with requirements
for concurrent working, notification, or the possibility to specify workflows for EA man-
agement activities.

While above set of scenarios puts emphasis on desired capabilities a tool for the domain should
provide, the second set of scenarios represent specific application scenarios, namely:

∙ E2.1 Landscape management is concerned with support for describing the current state,
future planning, development, and historization of the EA.

∙ E2.2 Demand management reflects the capability to gather, document, and process
demands originating from business or IT and linking them to affected elements.

∙ E2.3 Project portfolio management is concerned with providing a holistic perspective
for the project portfolio management and support the decision making process.

∙ E2.4 Synchronization management mirrors requirements concerned with synchronizing
projects according to their interdependencies, e.g. avoiding conflicts and managing de-
layed projects.

∙ E2.5 Strategies and goals management elicits requirements for aligning the EA man-
agement initiatives with the organization’s strategies and goals, enabling traceability of
decisions, and controlling goal fulfillment.

∙ E2.6 Business object management refers to the capabilities to manage business objects,
the operations performed on them, and their exchange between application systems.

∙ E2.7 SOA transformation management discusses requirements for supporting enterprise
transformation with respect to evolving from an application-centric architecture to a
service-oriented one.

∙ E2.8 IT architecture management elicits requirements for standardization and homoge-
nization of applications.

∙ E2.9 Infrastructure management is concerned with managing the IT infrastructure to
reduce operating costs, identify potentials for improvement, and calls for action.

While the former sources represent academic findings, the EAMTS 2008 reflects the practi-
tioners’ expectations and points of view. Based on the two perspectives, nine requirements
representing quality criteria of a ‘good’ EA management function are elicited subsequently.
The quality criteria are further supported by related work on

∙ the characteristics of an EA management function as described by Op’t Land et
al. [La09c],

∙ critical issues in EA management as identified by Lucke et al. in [LKL10],
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∙ the contingency framework as well as factors as discussed by Leppänen et al. [LVP07]
and Riege and Aier et al. [RA09], as well as

∙ the stakeholder perception of EA as investigated by van der Raadt et al. [RV08].

Finally, prevalent maturity models for EA management are revisited to support the quality
criteria (cf. Architecture Capability Maturity Model (ACMM) [Un03], NASCIO Enterprise
Architecture Maturity Model (EAMM) [Na03], and Enterprise Architecture Capability Maturity
Model (EACMM) [Un07], Enterprise Architecture Assessment Framework (EAAF) [Ex09], or
Dynamic Architecture Maturity Matrix (DYAMM) [St10b]). Using a hermeneutic method
(see Chapter 2), we iteratively revisit and re-interpret our findings against the literature. For
reasons of readability, only the findings from the last iteration are given subsequently. In this
vein, we elicit the following quality criteria for an EA management function.

A result from the state-of-the-art review is the finding that there is no ‘one-size-fits-all’ EA
management function (see Table 3.18). This finding backs our assumption that such a method
does not exists, instead, prevalent EA management approaches have to be evaluated, if they
are appropriate for a specific situation or how they can be adapted accordingly. Require-
ment HW5 accordingly demands for organizational compatibility of the EA management
function. The EAMTS 2008 further supports this assumption by the approach to evaluate
tools. Due to the missing ‘standard’ EA management function no simple ranking of current
tools is used to summarize the evaluation results, instead we use a scorecard-based evaluation
enabling organizations to match their individual requirements against the different scenarios
to “find out which tool best satisfies their specific needs” [Ma08, page 2]. Similarly, require-
ment G3.2 demands a method to identify the circumstances under which the method can
be applied. Additionally, requirement HW8 details the role of influencing factors, which
reflect the impact of the organizational culture, structure, size, or further conditions on the
EA management function. Possible influencing factors are identified in the analysis of Riege
and Aier in [RA09, pages 391–392] or the contingency framework of EA method engineering
of Leppännen et al. [LVP07]. Van der Raadt et al. and Lucke et al. further discuss the social
skills and organizational status of the enterprise architects as influencing factor impacting
the suitability of a method [RV08, page 27] and [LKL10, page 5 and 7]. Similarly, maturity
models as the EACMM typically encompass areas dedicated to governance aspects, reflect-
ing the influence of the organizational culture or other ancillary conditions, e.g. in terms of
management commitment to the EA management initiative [Un07, page 10].

Quality criterion Q1: Being organization-specific

An EA management function must be compatible with the specificities of the using
organization like the organizational culture, structure, and embedding conditions.

While the management subject of the EA management function, the EA, represents a complex
socio-technical system, the management function should be tailored to the specific problems
the associated organization wants to pursue. Accordingly, one third of the analyzed approaches
from Section 3.3 provides mechanisms to configure the EA management function with respect
to the problems of the associated organization. Taking into account the distinct and changing
information demands of stakeholders, scalability as expressed in above requirement HW3

can be ensured by tailoring the EA management function with respect to the problems the
associated stakeholders want to address. As yet no standardized information model for EA
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management has evolved and indications raise doubts that such a model exists, the scenario
adapting the information model [Ma08, page 49–50] reflects the demand for problem-specificity
(E1.7). Complementing the problem-orientation of an appropriate EA management function,
GERAM calls for a human-orientation in the sense that the method must be understandable
by the communities targeted (G3.1). Similar calls for a) making explicit the problems that
the EA management function is intended to solve and b) restrict the management function
to these problems can be found in Lyytinen et al. [LKL10, pages 6–7], where stakeholder
involvement and dealing with complexity are listed as critical issues in enterprise architecting,
Riege and Aier [RA09, page 392], where coverage analyses regarding EA data and artifacts are
discussed, as well as in Leppänen et al. [LVP07, page 13], who place emphasis on defining the
scope of the method. Furthermore, higher stages of maturity models as e.g. the EACMMwhich
deals with problem orientation [Un07, page 8] or the EAMMF, which proposes to scope the
management body to address issues of problem-specificity and stakeholder-specificity [Un03,
page 8]. Anticipating the presentation of our approach in Section 4.3, we need to clarify the
terms problem, goal, and concern in the area of EA management as these are typically used
interchangeable by current approaches. In the terminology used in this thesis a problem
to be addressed by the EA management function encompasses the concern, i.e., the area of
interest in the system as well as a goal, i.e., a description of the envisioned state.

Quality criterion Q2: Being problem-oriented & stakeholder-oriented

An EA management function must be tailored to the specific problems, i.e., goals
and concerns, of the associated organization to appropriately address the pursued
objectives of the stakeholders.

Revisiting the state-of-the-art in EA management, it becomes apparent that the approaches
propose methods, which can be characterized by describing, communicating, or analyzing ac-
tivities. All approaches propose methods for describing, while the amount of approaches also
presenting methods for communicating, enacting, and analyzing is limited (see Table 3.18).
These main activities are also reflected in the scenario descriptions for dedicated EA manage-
ment tasks (E2.1 to E2.9) of the EAMTS 2008 [Ma08, pages 54–77]. The scenarios are pre-
sented in a uniform manner describing which information has to be documented, how to com-
municate that information via visualizations, and according to which criteria this information
should be analyzed to find answers for the problems expatiated by the scenario. GERAM em-
phasizes the activities of “designing, operating, maintaining, and improving” [BNS03, page 14],
which must be covered by an EA management function (G1). Similar considerations regard-
ing the main activities an EA management function consists of according to Op’t Land et
al. [La09c] are developing architecture descriptions, analyzing, communicating, and enacting
these descriptions (see also van der Raadt et al. [RV08, page 27] or Lucke et al. [LKL10,
page 7]). Providing methods for shaping the evolutionary character of the EA management
function (see requirement HW2 and HW4), an EA management function must accordingly
propose a detailed process model encompassing methods for

develop & describe Providing an overall picture of the management subject is understood as a
prerequisite for managed evolution. Thus, the development and description of different
architecture states is considered an important part of EA management for which dedi-
cated methods must be provided (cf. architecture development in [Un03, page 8], [Un07,
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page 8], or in [St10b, page 3] as well as the capability to develop, maintain, and oversee
EAs in [Ex09, page 26]).

communicate & enact Enabling and fostering communication as well as enacting plans guiding
the evolution of the EA is an important aspect of an EA management function, which
is, especially with respect to the current state of the EA, frequently discussed in existing
approaches as the literature review showed. Means for communication thereby need to
take the specificities of different stakeholders into account, i.e., cover the areas of inter-
est of these stakeholders, and provide a terminological basis for shared understanding
(cf. [LKL10, page7]). The aspect of communication is mirrored in scenario E1.2 as con-
tained in the EAMTS 2008, which is concerned with creating visualizations. Riege and
Aier discuss different ways of enacting EA, which they refer to as “organizational pen-
etration” [RA09, page 392]. Backing the importance of communication and enactment,
maturity models typically propose own evaluation areas dedicated to the aspect of com-
munication (e.g. architecture communication in [Un07, page 9], consultation in [St10b,
page 3], or deployment of “EA content out to [the] user community” in [Ex09, page 33]).

analyze & evaluate Corresponding to the famous quotation ‘you can’t manage what you can’t
measure’ means and techniques to analyze and evaluate different states of the EA are fre-
quently referred to in existing literature and also reflected in the EAMTS 2008, in which
scenario E1.4 is concerned with illustrating analysis and evaluation results (cf. annotat-
ing visualizations [Ma08, pages 45–47]). Riege and Aier explicitly discuss “monitoring
of EA data and services” [RA09, page 392] as a contingency factor of EA. A prominent
analysis type discussed e.g. in existing maturity models is thereby the so-called gap or
delta analysis (cf. [Un07, page 8] or [Ex09, page 19]).

In line with the above introduced understanding of the main activities, i.e., method descrip-
tions on a general level, and the call for more detailed method descriptions for each of these
activities, we support the specification of methods on a general and detailed level (cf. require-
ment G3.7 of GERAM). In addition, GERAM calls for a modeling environment for both the
language used to describe the EA as well as the language used to describe the EA manage-
ment function, which leads to executable code. While the former aspect relates to an own area
of research dedicated to EA modeling languages [BMS10d], we address the latter aspect by
proposing a method modeling language that facilitates transformation into dedicated work-
flows. The language incorporates the capability to cope with alternatives and extensions while
ensuring consistency (G2.1).

Quality criterion Q3: Provide detailed method prescriptions

An EA management function must provide detailed methods containing prescriptions
to develop & describe, communicate & enact, and analyze & evaluate the EA.

To ensure applicability, a management function must define when (trigger) and who (respon-
sible role) has to perform which activity. Although existing approaches more often than not
neglect this aspect, practitioners call for EA management tools encompassing the capability
to specify workflows and support collaborative work (cf. the scenarios supporting multiple
users and collaborative work (E1.9) [Ma08, pages 51–53] and lightweight access (E1.5) [Ma08,
pages 48–49] of the EAMTS 2008). Taking into account the amount of stakeholders that
serve as information suppliers in the context of EA management, defined triggers, roles, and
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responsibilities for each task must be specified to ensure execution of steps (G3.5). Similarly,
governance structures as boards, committees, and councils have to be established. Van der
Raadt et al. [RSV08, page 27] in addition name awareness for these roles within the organiza-
tion and accountability of the enterprise architects for their advices and the outcome of their
work as key attributes of an EA management function. In agreement, Lucke et al. have iden-
tified “insufficiently defined roles, responsibilities, processes, and procedures” and undefined
“timelines” as critical issues of EA management [LKL10, page 6]. Requests for defined trig-
gers, roles, and responsibilities for the activities and tasks constituting the EA management
function can further be found in [LVP07, page 11] and in higher stages of maturity models
(cf. [Un03, page 7], [Na03, page 9], [Un07, page 7], and [St10b, page 50],).

Quality criterion Q4: Define triggers, roles & responsibilities

To operationalize an architecture management, the EA management function must
define triggers, roles, and responsibilities for each task.

To foster communication among the different stakeholders of EA management, artifacts de-
scribing certain parts or aspects of the EA are created. The literature review revealed a promi-
nence of descriptions concerning the current state and envisioned long-term future states (cf.
Table 3.18). Additional short-term future states, i.e., planned states, are only discussed by
about half of the approaches. The documentation of principles and questions as prerequisite
for a managed evolution plays a minor role. Comparing the findings from the literature re-
view with the practitioners’ point of view from the application scenarios of the EAMTS 2008,
the landscape management scenario (E2.1) [Ma08, pages 55–57] requires further investiga-
tion. The scenario describes a distinction between current, planned, and target states of the
EA as a prerequisite for managing the evolution of the EA. Dealing with inconsistencies as
demanded by requirement HW9 and HW10, the scenario E2.1 of the EAMTS 2008 also
discusses that different variants of a planned state can exist. The role of artifacts in general
is frequently alluded to in the second set of scenarios of the EAMTS 2008 as for each sce-
nario (E2.1 to E2.9) the expected resulting artifacts are described. In addition, scenarios
dedicated to visualization aspects are contained in the first set. Examples for such scenar-
ios are creating visualizations, interacting with and editing of visualizations, and annotating
visualizations [Ma08, pages 41–48] (E1.2-E1.4). Further support for the importance of EA
artifacts as results of the EA management function can be found in requirement HW7. A
distinction of descriptions as relating to current, planned, and target architecture states is
forced by Op ’t Land et al. in [La09c, pages 22-23], van der Raadt and colleagues in [RSV08,
pages 27–28], Riege and Aier in [RA09, page 391], as well as by existing maturity models
(cf. [Un03, page 8], [Un07, page 8], [Ex09, page 18], and [St10b, page 50]). Notwithstanding
the importance of EA artifacts, GERAM emphasizes the autonomy of the method from the
language, i.e., demands that the modeling language used for creating the EA artifact should
not restrict the methodologies used (G2.2).

Quality criterion Q5: Being artifact-centric

An EA management function must produce results in the form of EA artifacts such
as models, visualizations, or guidelines.

To be implementable in an organization, the EA management function must describe a co-
herent and sound process, which builds on available resources of the associated organization.
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Driven by the diversity of approaches to EA management, which typically have differing fo-
cus and are developed for varying purposes (see Table 3.18), today’s organizations face the
challenge to integrate or adapt existing approaches. Thus, terminological differences between
the approaches have to be eliminated and consistency as well as coherency between different
approaches have to be ensured. Consistency issues can, for instance, arise, if the approach to
document the current state for instance does not provide the information necessary for the suc-
cessive analysis from another approach or, if the resources necessary for conducting a certain
activity or task are not available in the organization. While the criteria to be organizationally
implementable is obvious, it is not directly alluded to in our literature review. This quality
criteria is nonetheless regarded a prerequisite of EA management (G3.4) and a critical success
factor for the EA management function cf. Lucke et al. [LKL10, page 8]. The authors further
discuss the importance of sufficient tool support, by which aspects of coherency, consistency,
integration, and implementation can be ensured. Some maturity models further address the
aspect of organizational implementability either direct or indirect via tool support (cf. [Un07,
pages 7–8] and [Ex09, page 33]).

Quality criterion Q6: Being implementable

To support organizational implementation, an EA management function must be
detailed, executable, consistent, and self-contained.

Two-thirds of the approaches analyzed in our literature review deal with aspects of estab-
lishing links between the EA management function and related enterprise-level management
functions (see Table 3.18). Emphasizing the role of integration with other management func-
tions, the majority of these approaches discusses bidirectional links. The integration aspect is
also mirrored in the scenarios of the EAMTS 2008, of which one is concerned with importing
model data (E1.1) from other sources as related management functions (cf. [Ma08, pages 40–
41 and page 350]). Hafner and Winter call for a service-oriented approach to foster exchange
with stakeholders from associated tasks (see requirement HW11) and van der Raadt et al.
discuss “collaboration between architects” [RSV08, page 27] as important means to establish
an EA management function. Supporting the importance of an integrated EA management
function GERAM advocates for a unified perspective on the EA to tie and relate existing
management functions (G5.1). Reflecting the criticality of establishing information exchange
and linking existing management functions, like demand or project portfolio management
with the EA management endeavor, maturity models for EA management describe evaluation
criteria for classification, e.g. “The agency uses its EA to inform strategic planning, infor-
mation resources management, IT management, and capital planning and investment control
processes” [Ex09, pages 22 and 26] and “organization works with other states to share ideas
for improved integration, including procurement and project management practices” [Na03,
page 13]. Further support for the need for an integrated EA management function can be
found in [Un03, page 9], [Un07, page 8–9], and [St10b, page 50].

Quality criterion Q7: Being integrable

An EA management function must be embedded in the context of surrounding man-
agement processes, therefore links in both directions should be defined.

EA management typically represents a long-term endeavor, which requires a high investment
to be started, e.g. to set up the governance structure, develop an information model, perform
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initial information gathering, and convince the stakeholders. Therefore the overall perfor-
mance of the EA management function should be made visible, i.e., measurable. Although
no analysis dimension in the analysis framework as presented in Section 3.2 is directly con-
cerned with performance measurement, the dimension of adaptation is related to performance
measurement. An adaptation is typically triggered, if the objectives have not been reached,
or if the organization matures. Although the literature review revealed that only one third of
the analyzed approaches discusses performance measurement of the EA management function
(cf. Table 3.18), we in line with requirement HW6 of Hafner and Winter advocate for an
EA management function, which is able “corroborate its effectiveness and efficiency” [HW08,
page 3]. Similar, GERAM in requirement G3.6 calls for addressing the economic aspect of
EA management by assessing the performance of the EA management function. An assess-
ment of the EA management function can thereby be performed subjectively, e.g. evaluating
stakeholder or management satisfaction (cf. [La09c, page 22] or [RA09, page 392]), or ob-
jectively, e.g. measuring time-to-market of products, degree of heterogeneity, or return on
investment [LKL10, page 6]. Complementing, EA management maturity models discuss per-
formance measurements of the EA management function typically in the higher maturity
stages (cf. [Un03, page 7], [Un07, page 7], [Ex09, pages 39–40], and [St10b, page 50]).

Quality criterion Q8: Facilitate performance measurement

An EA management function must provide means and techniques to measure its
effectiveness and efficiency.

Revisiting existing approaches to EA management, the diversity of problems to be addressed
by the proposed methods becomes obvious. In line with this diversity some of the approaches
(about one third) discusses sustainability of the EA management function in terms of the need
for encompassing methods and techniques to adapt the management function to changing or-
ganizational contexts or changing scope and reach, i.e., the concerned management subject (cf.
Table 3.18). With regards to requirement HW10, we demand an EA management function to
incorporate means for adaptation, which ensure sustainability. Scenario E2.2 also reflects this
demand. This scenario named SOA transformation is concerned with the transformation of
an application-oriented architecture to a service-oriented one [Ma08, pages 69–72]. Similarly,
Lucke et al. list “rapidly changing conditions” [LKL10, page 8] as a challenging situation, the
EA management function has to deal with or has to adapt to. GERAM specifies the ability
to support evolutionary integration and adaptation (G5.2) as a core quality that needs to
be provided by EA management approaches. Prevalent maturity models for EA management
emphasize the need for change as e.g. the EAMMF discusses the capability of “leveraging the
EA to manage change” in which the aspect of “adjustments [which] are continuously made to
both the EA management process and the EA products” is stated (see [Un03, page 7], [Un07,
page 7], [Ex09, page 40], and [St10b, page 50] for further examples).

Quality criterion Q9: Being sustainable & adaptable

An EA management function must be sustainable in the sense that it must be adapt-
able to changing organizational contexts and goals to be pursued.

To discuss the completeness of the above list of quality criteria, we subsequently shortly revisit
the sources from which the quality criteria have been derived. Table 4.1 provides an overview
on the elicited quality criteria and details on originating sources.
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Quality criteria Hafner &

Winter

GERAM EAMTS

2008

Q1 Being organization-specific HW5,
HW8

G3.2

Q2 Being problem-oriented &
stakeholder-oriented

HW3 G3.1 E1.7

Q3 Provide detailed method prescriptions HW2,
HW4

G1, G2.1,
G3.7

E2.1-E2.9,
E1.2, E1.4

Q4 Define triggers, roles & responsibilities G3.5 E1.5, E1.9
Q5 Being artifact-centric HW7,

HW9,
HW10

G2.2 E1.2-E1.4,
E2.1-E2.9

Q6 Being implementable G3.4
Q7 Being integrable HW11 G5.1 E1.1
Q8 Facilitate performance measurement HW6 G3.6
Q9 Being sustainable & adaptable HW10 G5.2 E2.2

Table 4.1.: Quality criteria for EA management function and the originating sources

Starting with the requirements identified by Hafner and Winter [HW08, page 3], all require-
ments except requirement HW1 are taken up. Requirement HW1 is not considered a quality
criterion in itself as it is obviously satisfied by a method for developing organization-specific
EA management functions. The scenarios E1.3, E1.6 and E1.8 from the EAMTS 2008 are
also not considered in our list of quality criteria as they centrally target EA management tool
support. While the other scenarios could be easily used to derive general quality criteria of
an EA management function, the aforementioned three scenarios are specific tooling scenarios
and therefore not considered. Concluding, we critically reflect the requirements brought up
by GERAM. In Table 4.1 the requirements G4.1, G4.2 and G3.3 are missing. As already
mentioned at the beginning of this section, we distinguish between quality criteria for the
design artifact, i.e., the EA management function, and requirements for designing, i.e., the
development method. Therefore, the requirements G4.1, G4.2—adoption of good practices
by a rigorous method—and G3.3—expandable to incorporate new methods—are discussed in
the next section. A ‘good practice’ according to GERAM can be understood in two different
ways. Firstly, good practices can refer to templates of architectures, i.e., “solution building
blocks” in terms of TOGAF [Th09a, page 501–502], and secondly good practices can relate to
templates for architecture management, i.e., “EA management patterns” [Bu08b]. In line with
our pattern-based approach [Bu08b], practices of the second type can be used to design an EA
management function. As the left requirements are concerned with the process of designing,
we postpone their discussion to the next section.

4.1.2. Requirements for a development method to design EA management
functions

Complementing above requirements for an EA management function, we subsequently elicit
requirements targeting a development method that builds on practice-proven solutions to de-
velop organization-specific EA management functions. We subsequently elicit requirements for
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this method against the background of existing approaches, their deficiencies and benefits, as
well as the practical experience we gained in past EA management-related projects. As already
motivated in Section 1.1, three different ways to develop an EA management function can be
distinguished, namely the a) greenfield approach, b) customization approach, or c) integration
approach. Against the background of the requirements G4.1 and G4.2 of GERAM [BNS03,
page 14], we consider the customization and integration approaches to be most useful for a
method to develop organization-specific EA management functions. Whereas both approaches
benefit from the fact that they are based on practice-proven method prescriptions, they also
entail the challenge of incorporating techniques for selecting the most appropriate method
(parts) for the situation at hand and for keeping the resulting method coherent and con-
sistent. Thereby, inconsistency in the case of customization can arise, if parts of the overall
method are restricted or omitted, while in the context of integration inconsistency can occur as
model fragments from different sources are integrated. Caused by the similarity of challenges
of both approaches, requirements for the development method can be elicited subsequently
independent from the approach taken. The requirements are captured in Section 4.1.2.1 from
a utilitarian perspective and are further supported by the guidelines for modeling (GoM) of
Becker et al. [BRS95] as well as Schütte and Rotthowe [SR98], which have already been applied
in the context of reference modeling [Sc98] and business process modeling [BRU00]. Coming
back to the fundamentals, the guidelines formulated by Hevner et al. [He04, pages 86–90] for
design science research in general are revisited in Section 4.1.2.2 and the development of the
method itself is discussed.

4.1.2.1. Domain-specific requirements

Eliciting requirements for a method demands as a prerequisite an understanding of the in-
tended audience, i.e., the targeted user community, of the development method. In the context
of EA management approaches, the user group of the method is typically only implicitly de-
fined, e.g. in the ‘who should read this document’ sections of the frameworks. However, the
role of the enterprise architect is frequently used in method descriptions of the EA manage-
ment function and can therefore be assumed to be the key user group of a method to develop
an EA management function. Supported by statements of practitioners in [Bu09b, page 20],
the profession of enterprise architects is assumed to have a particular skill set enabling them
to deal with the intrinsic complexity of the EA management subject, which makes them the
most appropriate user group for our development method.

According to James “a good enterprise architect needs not only excellent technical skills,
but business and behavioral competencies as well” [Ja02]. These skills are further detailed
by Strano and Rehmani [SR07, pages 386–389], who identified core competencies needed by
enterprise architects, namely

∙ analytic and problem solving skills to identify problems and break them down into
manageable pieces by structuring them (e.g. into goals and concerns),

∙ communication skills to communicate concepts to stakeholders from various disciplines
and bridge communication gaps by translating between different terminologies,
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∙ leadership skills to scope and run the architecture program, motivate people involved,
and emanate an image of helping rather than hindering (interpersonal skills), as well as

∙ modeling skills to structure reality and conceptualize the enterprise to illustrate complex
relationships, e.g. the impact of projects.

In line with the above discussion, we assume enterprise architects to be the most appropriate
user group of our development method, although the enterprise architects typically are not
the only stakeholders raising problems, i.e., goals and concerns, to be addressed by the EA
management function. The enterprise architects nevertheless typically act as mediators for
the different stakeholders, who develop an appropriate method to address the stated goals and
concerns with the help of the aforementioned skills. In this vein, we assume that enterprise
architects with the above competencies are available to use the development method for which
the following requirements must be met.

Requirement R0: Produce a ‘good’ EA management function

The result of an application of the development method must be a ‘good’ EA man-
agement function in the sense of the stated quality attributes (requirements Q1–Q9).

A method according to the IEEE is “a standard that describes the characteristics of the orderly
process or procedure used in the engineering of a product or performing a service” [IE91,
page 10]. This definition already emphasizes the outcome of a method, which in the case of
our development method is the organization-specific EA management function. In line with
above requirements for a ‘good’ EA management function, the development method should
incorporate techniques, which ensure that the requirements R1–R9 are met.

Requirement R1: Being easy to use

The development method and incorporated techniques must be easy to use by the
users, who are familiar with the underlying terminology and conceptualization.

With the complexity of the management subject in mind and the need for customization due to
organizational specificities, it is obvious that the development method cannot be used without
prior familiarization with the concepts entailed. In particular the terminology used and the
criteria as well as concepts relevant for selecting and filtering the method prescriptions, e.g.
organizational contexts and problems, must be understood by the prospective users. Therefore,
a uniform and consistent way of presenting the method prescriptions as well as structural
guidelines for arranging and filtering them must be provided. This enables the users after an
initial phase of familiarization to intuitively understand and use the method prescriptions. In
this vein, the development method adheres to the principle of clarity of GoM [SR98, pages 248–
249] and [BRU00, page 33], which states that a good model needs to be addressee-oriented
and comprehensible.

Requirement R2: Providing practice-proven prescriptions

The development method must provide the users with practice-proven design pre-
scriptions as well as context-specific method fragments for EA management.
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Notwithstanding the importance of a theoretical foundation, this requirement reflects the
demand for practical relevance. In other words, the prescriptions made by the method must
have proven themselves as appropriate solutions to problems in dedicated contexts of practical
relevance. Thus, a prescription must fulfill three characteristics to be adopted. First, the
method fragments and contextual descriptions must be abstracted from observed practice
cases instead of being theoretically invented. Second, the method prescriptions must have
proven their applicability through repeated occurrences and third, the method prescriptions
must have proven to be relevant for practitioners. This requirements aligns with the principle
of relevance of GoM [BRU00, page 33], which demands that any model selects a relevant
universe of discourse and thereby abstains from modeling elements that can be eliminated
without loss of meaning to the users.

Requirement R3: Ensuring consistency

The development method must be formulated in a consistent terminology with re-
spect to the method fragments and the conceptualization used to enable configura-
tion, i.e., customization, integration, and adaptation.

Following the idea of a development method, which supplies practice-proven method prescrip-
tions, aspects of coherency and consistency arise. As comprehensibility is a prerequisite of
using any method, semantic and syntactical correctness needs to be ensured. This leads to
the demand for a clear conceptualization and the use of a consistent terminology. In par-
ticular consistency issues arise, if a method building on prescriptions from various origins as
practitioners’ experience, academic research, or consultancy knowledge is considered. The
terms that make up the corresponding terminology need to be embedded in a consistent over-
all semantics to avoid ambiguities and possibly conflicting understandings, e.g. with respect
to defined roles and responsibilities or descriptions of the organizational context in which a
method prescription can be applied. A consistent conceptualization and meta-model further
facilitate a well-defined syntactical structure, which is employed by the development method
for providing the method prescriptions. This requirement aligns with the principle of cor-
rectness of GoM [BRU00, page 32], which requires a model to be syntactic and semantically
correct and additionally emphasizes the aspect of consistency between different models.

Requirement R4: Being systematic extensible

The development method and the corresponding method base must be adaptable
and extensible with respect to new practice-proven prescriptions.

With EA management being continuously forced to adapt to the changing environment, the
discipline itself has to develop techniques and means to adapt the corresponding management
function. Influencing factors as economic diversification, regulatory forces, social changes, or
technical innovations shape and change the way EA management is conducted. These changes
can directly affect the applicability of single method prescriptions or give rise to new ones ad-
dressing these changes. The development method accordingly needs to incorporate parts,
which support adaptation of existing method prescriptions and extension with new ones that
come into existence while ensuring usability and applicability of the overall method. Therefore,
the adaptation and extensions must adhere to the underlying structure of the development
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method and the provided method fragments. Dealing with inter-model consistency, i.e., con-
sistency of the method prior to an adaptation or extension and afterwards, this requirements
reflects the principle of systematic design of GoM [SR98, page 249] and [BRU00, page 33].

Requirement R5: Enabling tool supported design

The development method must be supported with a tool that guides the users in
conducting the steps of the development method as well as supports the users in
accessing the method base and glossary of used concepts.

Revisiting the variability of the design of EA management functions and recalling the plurality
of different method prescriptions as proposed by existing EA management approaches (cf.
Section 3.3), tool support to access, filter, select, and configure the method fragments is
necessary. The amount of method fragments, which the development method supplies to
design an EA management function, requires tool support for the users to identify appropriate
method prescriptions. Furthermore, a tool can guide the users through the single steps of the
method and document decisions made, e.g. selections, customization, and adaptation and
support remaining ones. Thus, traceability of decision and consistency of the configuration
made is ensured by the tool. The requirement for tool supported design, aligns with the
principle of economic efficiency of GoM [SR98, pages 247–248] and [BRU00, page 33] in the
sense that tool support lowers the overall investment of the users in using the method.

Requirement R6: Being integrable with other EA management approaches

The development method and corresponding method fragments must be linkable
with method prescriptions of prevalent approaches to enable integration.

As typically EA management initiatives do not start with a greenfield approach, the develop-
ment method should support integration with prevalent approaches. Especially the method
fragments that are supplied by the development method should not be developed to be used in
isolation, but instead should facilitate integration with other approaches, in particular those
from which they originally have been derived. To enable the integration, the method fragments
which adhere to a consistent terminology must retain links to their origin. The integration
requirement reflects the principle of comparability of GoM [SR98, page 249] and [BRU00,
page 33], which demands each ‘good’ model must be comparable with other models.

4.1.2.2. General research guidelines of Hevner et al.

Complementing the requirement elicitation for our development method, we resort ourself
to the fundamentals of designing and revisit the general design guidelines as formulated by
Hevner et al. in [He04]. According to Hevner et al. design science is inherently a problem-
solving process in which “knowledge and understanding of a design problem and its solution
is acquired in the building and application of an artifact” [He04, page 82]. Thereby, a di-
chotomy regarding the term design has to be taken into consideration, as design describes
both a product and the process leading to the product. The design problem addressed in
this thesis, the innovative and purposeful artifact [He04, page 82] should not be mistaken to
be an organization-specific EA management function, but an appropriate method to develop
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such management functions. Hevner et al. have proposed seven guidelines for conducting and
evaluating ‘good’ design science research, which we subsequently summarize and link to the
contributions of our thesis.

The first guideline—design as an artifact—requires that the result of design science research
is a purposeful and viable artifact that addresses an important organizational problem. The
artifact must be described effectively to enable its implementation and application in an
appropriate domain. An artifact in terms of Hevner et al. as well as March and Smith is a
construct, model, method, or instantiation or a combination of those types [MS95, page 256–
258] and [He04, page 82–83]. The different types of artifacts can in the context of this thesis
be mapped to our contributions as follows.

Constructs provide a conceptualization of the problem, context, and solution domain on which
a common language used for discussions on the field can be built. In the context of this
thesis, appropriate constructs2 for organizational context descriptions and problems as
well as an adequate conceptualizations for the method prescriptions are developed as
part of the contribution.

Models capture the structure of reality by a set of properties or statements expressing rela-
tionships among constructs with respect to utility, thereby representing problems and
solutions. With respect to our contribution, models link problem descriptions, i.e., EA-
related problems and organizational context descriptions, to the method prescriptions
in the method base.

Methods define processes, i.e., represent a set of steps, providing guidance on how to solve
problems. The method is thereby based on a set of underlying constructs and a model
of the solution space. In terms of our contribution, the method defines which concepts
from the problem and context domain have to be documented by the users and how an
appropriate solution from the solution domain can be derived, integrated, configured,
and adapted by using which techniques.

Instantiations are the realization of an artifact in an environment, i.e., represent problem-
specific aggregates of constructs, models, and methods, to demonstrate feasibility and
effectiveness of the artifact. As discussed in Section 2.2.4 a nexus-based IS generator
represents the instantiation in our contribution, which guides the users in performing
the steps of the development method, accessing the model, i.e., the method base, and
in applying the relevant techniques leading to an organization-specific EA management
function.

Guideline two of Hevner et al.—problem relevance—demands that problems addressed
through design science research represent “heretofore unsolved and important business prob-
lems” [He04, page 84]. The objective of the constructed innovative artifact is to change the
phenomena that occur. Therefore, a combination of technology-based, organization-based,
and people-based artifacts is necessary. In the light of our contribution, this means that en-
terprise architects commissioned with the task to design an EA management function should
be supported in a way that they create ‘good’ EA management functions, i.e., management
functions fulfilling the quality criteria Q1–Q9.

2Constructs in this sense correspond to the meta-concepts of problem, context, and solution domain as
discussed in Section 2.2.
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The third guideline—design evaluation—targets the rigorously demonstration of utility, qual-
ity, and efficacy of the designed artifact. Evaluation thereby includes integrating or applying
the design artifact in the target environment and evaluating which requirements are satisfied.
Due to the iterative and incremental nature of design, the evaluation phase provides essential
feedback to the construction, which can be used to enhance the constructs, models, methods,
and instantiations in an iterative manner. For performing the evaluation, a variety of different
methods is available of which in particular observational techniques in the form of case studies
are used in our contribution (see Section 2.3).

Guideline four of Hevner et al.—research contributions—deals with the research contributions
of effective design science research. According to Hevner et al. research can always be assessed,
whether it provides a clear answer to the question “What are the new and interesting contri-
butions?” [He04, page 87]. Three different types of research contributions can be distinguished
of which at least one should represent the result of each research project, namely

design artifact providing a solution to a heretofore unsolved problem, thereby it may extend
the knowledge base,

foundations representing novel, appropriately evaluated constructs, models, methods, or in-
stantiations, thereby refining and improving the existing knowledge base

methodologies introducing new ways to evaluate design science research contributions.

According to Hevner et al. each of the above research contribution types can be assessed
with a focus on “representational fidelity” and “implementability” [He04, page 87]. Our work
contributes new foundations in terms of constructs, models, methods, and instantiations for
developing organization-specific EA management functions.

Relating to the challenge of relevance versus rigor, the fifth guideline of Hevner et al.—research
rigor—deals with the ways in which design science research is conducted [He04, page 87–
88]. Thereby, the use of rigorous methods in the construction and evaluation of the designed
artifact is required. Rigor can be derived from the effective use of the knowledge base. In other
words, rigor depends on the researchers’ skill to select the appropriate techniques to develop,
construct, and evaluate the artifact. For our contribution, rigor has to be considered in a
twofold way. First, the findings presented should be grounded in the theoretical foundations
of the discipline and its literature (cf. Section 3.3) and second, the method base and the
development method integrating the method prescriptions has to be evaluated.

Guideline six of Hevner et al.—design as a search process—accounts for the iterative nature of
design science research [He04, page 88–90]. As design science research is typically carried out in
the context of wicked problems, the size and complexity of the solution space makes it infeasible
to identify an optimal solution in one step. Simon therefore describes the design process as
a generate/test cycle [Si96, page 128–130]. Iterative search procedures are typically used in
this cycle, i.e., alternative solutions are created and tested against the elicited requirements.
The requirements elicitation requires knowledge of the application, i.e., problem and context
domain and the solution domain. Furthermore, decomposing the design problem into sub-
problems is another beneficial strategy, which is used in the context of this thesis to develop
building blocks for designing the EA management function. However, the solutions have to
be analyzed for unforeseen interdependencies that arise after integration.
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Final guideline seven of Hevner et al.—communication of research—is concerned with popu-
lating the designed artifact to receive feedback [He04, page 90]. Thus, two different target
communities have been proposed by Hevner et al. Communication to a technology-oriented
audience is required for which in particular the process by which the artifact was constructed
and evaluated should be explained. This on the one hand enables practitioners to beneficially
use, replicate, as well as instantiate the artifact and on the other hand enables researchers to
build a cumulative knowledge base facilitating further extension and evaluation. In addition,
communication to the management-oriented audience is required. To enable decision makers
to determine, if the designed artifact should be used in their specific organizational context,
the focus of the presentation should be put on knowledge required to effectively apply the
design artifact. Our research findings are made available on the one hand via the nexus-based
IS generator and on the other hand discussed and publicized in different scientific conference
proceedings.

Keeping the above quality criteria, requirements, and the guidelines for design science research
of Hevner et al. in mind, we subsequently discuss kernel theories relevant for the solution
domain. The requirements and guidelines are additionally picked up in Chapter 7 to evaluate
the design artifact.

4.2. Contributing theories

Preparing our method to develop organization-specific EA management functions, we sub-
sequently reason on kernel theories for the solution domain. Starting with investigating the
fundamentals of methods in Section 4.2.1, we discuss the constituents of a method as proposed
by Gutzwiller [Gu94]. Based on the developed understanding we revisit the disciplines of
method engineering introduced by Brinkkemper [Br96] in general and of situational method
engineering as presented by Harmsen [Ha97] in special in Section 4.2.2. Taking into account
the problem-specificity of the EA management function and the influence of stakeholders as
discussed in the preceding section, we sketch the discipline of goal-oriented and actor-oriented
modeling by an overview on the i* framework of Yu [Yu96] in Section 4.2.3. Complementing
the list of contributing theories, we introduce our pattern-based approach to EA management
as initially described in [Bu07d] and furthered by Ernst in [Er10] in Section 4.2.4.

4.2.1. The fundamentals of methods

While a common understanding of the term ‘method’ as a procedure which is planned and sys-
tematic in terms of its means and purpose exists, IS practitioners and theoreticians frequently
use the term without clearly defining its means and purpose. This circumstance can best
be exemplified if the terms method and methodology are considered that are frequently used
as synonyms. We in line with Brinkkemper sense that the “misuse of the term methodology
standing for method is a sign of the immaturity of our field, [... which] should consequently
be abandoned” [Br96, page 276].
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A method according to Gutzwiller is described on the basis of the elements “activity3, role,
result, meta-model, and technique” [Gu94, pages 12–15]. Figure 4.1 relates the fundamental
elements of a method as adopted from Gutzwiller by Gericke and Winter [GW06, page 231].
Activities are construction tasks which create certain results, i.e., specification documents
or artifacts, and are executed by roles. The results of an activity are documented via a
predefined specification document, which in turn is compiled using a certain technique that
provides detailed instructions for the development of a certain type of result. Tools support
the application of the techniques and the meta-model specifies the conceptual data model4.

MetaModel

Activity

activitites generate 
and use results

organizational members 
with specific role
 perform activities

Role

activities are 
hierarchically structured

activitites have 
a sequence

Result

meta-model is conceptual
model for the resuts

results are hierarchically
 structured

Technique techniques provide guidance
 for the production of results

Tool

tools support the application
 of techniques

Figure 4.1.: Fundamental elements of a method according to Gutzwiller [Gu94, page 13]

In 2005 Braun et al. conducted a literature review on the state-of-the-art of methods in IS
research in which they investigated twelve approaches to gain a deeper understanding of the
concept of method [Br05, pages 1296–1297]. According to the review results, the fundamental
attributes of methods in IS are a) goal-orientation, i.e., methods delineate how to proceed
to achieve a defined goal or solve predefined problems, and b) a systematic approach, i.e.,
methods provide a systematic structure that enables the deduction of precise work steps or
tasks for achieving goals or solving problems. Additionally, procedure models are identified
as the only fundamental element of a method which is referred to in all twelve approaches
analyzed. In line with these findings, we subsequently define the term method based on the
explanations given by Henderson-Sellers [HS95] and Brinkkemper [Br96, pages 275–276].

Definition: Method

A method is a procedure of doing something, i.e., to achieve a certain goal. Meth-
ods are structured in a systematic way in development tasks with corresponding
development artifacts.

In practice, methods are typically developed using a spiral model (cf. the IS engineering
method live cycle presented by Harmsen [Ha97, pages 12–14]). In the first stage of method

3We in line with the Business Process Model and Notation [Ob10b] use the term task in this thesis to denote
a piece of work that has to be performed to execute a method and which is part of a role’s duties.

4In our terminology the data model would be labeled information model (see definition in Section 3.1.1).
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development, an approach appropriate for the situation at hand is developed ‘ad-hoc’ [Ha97,
page 12] by an individual or a group of individuals. In the context of EA management these
approaches often turn out of the necessity just because no suitable method to address the
specific problem or context is available. Being in use for some time, the ad-hoc method
turns out to be a “best practice” [Ha97, page 12] and is documented, e.g. as a pattern (cf.
Section 4.2.4) to enable dissemination throughout an organization. The description of these
best practices evolves over time, and becomes more and more complete until it has evolved
to a “de facto” method [Ha97, page 12]. The diffusion rate of de facto methods thereby is
still limited to one organization and is subject to change. If a de facto method is published
in a reasonable amount of copies, thereby being made available outside of the originating
organization, the method develops to a “de jure” method [Ha97, page 12]. Coming full circle,
de jure methods are used in different organizations in a deviated manner, i.e., adding or
modifying steps or outcomes, resulting again in an ad hoc method. This iterative life cycle of
methods aligns with our pattern-based approach to theorizing as discussed in Section 2.2.2.
Chapter 5 details how the practice-proven solutions contribute to our development method
for organization-specific EA management functions.

4.2.2. (Situational) method engineering

Over the years a plethora of different methods and tools for the area of software or IS en-
gineering and the management of IS has been developed. Lacking a proper framework for
research, the discipline of method engineering has developed in this area, which focuses on
formalizing the use of methods for system development. Method engineering according to
Brinkkemper [Br96, page 276] can be defined as follows.

Definition: Method engineering

Method engineering is the discipline to design, construct, and adapt methods, tech-
niques and tools for the development of information systems.

Motivated by the plurality of proposed methods for standardizing IS engineering and the
increasing application area diversification and complexity, Harmsen presented [Ha97] an ap-
proach to situational method engineering. The driving idea behind situational method engi-
neering can be summarized by the following quote. “There is no method that fits all situa-
tions” [Ha97, page 6] which represents the prominent idea in the area of method engineering
(cf. [BJ87, AWH91, KW92, SB93, HV97, FRO03]). Introducing the term controlled flexibility,
Harmsen [Ha97, page 34] elicits requirements for a method engineering approach, which ac-
complishes standardization and at the same time is flexible enough to match the situation at
hand. A situation thereby refers to a combination of circumstances at a given point in time
in a given organization [Ha97, pages 32–33]. To address these requirements, for each situation
a suitable method—so-called situational method—is constructed that takes into account the
circumstances applicable in the corresponding situation. In the construction process uniform
pieces of a method are selected. Two different ways, how these method pieces are framed,
have evolved in the area of situational method engineering, namely

method fragment Harmsen [HBO94] and Brinkkemper [Br96, page 278] coined the term
method fragment as a “coherent piece of a method”. Two types of method fragments
are usually distinguished, namely process fragments representing the activities that are
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to be carried out and product fragments representing deliverables, diagrams etc. to be
produced or that are required (cf. [Br96, RP96, Ha97, Ra02, Åg07]. Method fragments
can be defined on different levels of granularity, i.e., both a whole method can repre-
sent a method fragment as well as every single task used within a method represents
a method fragment. Gradual growth, i.e., maturity stages, are represented by method
fragments ranging from simple method fragments to more complex ones (cf. van de
Weerd et al. [We06, WBV07]).

method chunk Rolland and colleagues [RP96, RPR98, RDR03] introduce the concept of the
method chunk, i.e., an “autonomous, cohesive and coherent part of a method providing
guidelines and related concepts to support the realization of some specific system engi-
neering activity” [Åg07, page 361]. Thus, a method chunk represents the combination
of a process fragment and a product fragment. The knowledge of a method chunk is
captured in the chunk’s body, defining the a) products, i.e., input and output of the work,
b) process, i.e., how to target products are created from input products, and c) interface
defining the pre-conditions and post-conditions of a method chunk.

In line with the method-language dichotomy, reflecting tasks (processes) and results (products
in terms of Gutzwiller [Gu94]), and the focus of this thesis on method aspects of the EA
management function, we use the term method fragments in the following to denote the
method prescriptions or coherent parts thereof. Thus, we in line with Harmsen [Ha97, page 28]
define situational method engineering as follows.

Definition: Situational method engineering

Situational method engineering is the sub-area of method engineering directed to-
wards the controlled, formal, and computer-assisted construction of situational meth-
ods out of method fragments.

Engineering a situational method requires standardized method fragments, which are typically
stored in a data base called method base [Sa93, Br96, Ha97, RPR98, RR01], and guidelines or
techniques how to assemble these fragments to a situational method. Following a pragmatic
nature, the source of the method fragments contained in the method base is according to
Henderson-Sellers and Ralyé [HSR10, page 424] not critical to the use in situational method
engineering. Abstaining from further discussions on the origin of the method fragments, situ-
ational method engineering typically provides two generic processes for applying the method
base to construct a situational method and administering the method base. The generic
process to construct situational methods consists of the three steps which are subsequently
sketched.

∙ Input to the configuration process is the specific situation, in which the method should be
applied, e.g. the environment of the initiative, including users, organizational culture,
management commitment, etc. This situation is analyzed in the characterization of
the situation to describe the application characteristics and contingencies that must be
taken into account. Methods and techniques to determine the contingencies of a certain
situation can be found e.g. in van Slooten et al. [SB93] and Bucher [Bu07a].

∙ The characterization of the situation is used in the selection of method fragments to
identify and select suitable method fragments from the method base. Heuristics can be
applied to support the filtering and selection process.
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∙ In the method assembly step the method fragments corresponding to the situation char-
acterization are combined to a situational method. During the assembly of method
fragments, aspects like completeness, consistency, efficiency, soundness, and applicabil-
ity are accounted for (cf. Harmsen [Ha97, pages 204–216]).

After being organizationally implemented, i.e., being practically applied in an organization, the
performance of the situational method is measured and requests for adaptations are raised, if
potentials for improvements or unsuitable method tasks in the method fragments are detected.
Figure 4.2 provides an overview on the configuration process and illustrates the relationships
between the different steps.

Situation
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method fragments

Assembly of 
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requests for new 
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method 
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Figure 4.2.: The process of situational method engineering according to [Ha97]

The complementing process of method administration is concerned with the initial creation
and maintenance of the method base. Representing a continuous process, administering the
method base identifies new method fragments and provides means as well as techniques to
incorporate the newfound method fragments into the method base. Specifying the latter pro-
cess, Rolland [RP96] emphasizes the need to include knowledge about the context of use, i.e.,
define the pair situation and decision to store knowledge with each method fragment in which
situation it is relevant and the associated decisions that need to be made (cf. context descrip-
tions and forces of patterns as presented in Section 4.2.4). While the source of the method
fragments contained in the method base is only of minor importance for method engineering
according to [HSR10, page 424], a method to incorporate emerging techniques or newfound
best practices into the method base needs to be established as part of the method adminis-
tration. The contribution of patterns to evolve the method base is for instance discussed by
Ambler [Am98], D’Souza and Wills [DW99], or Tasharofi and Ramsin [TR07].
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Developing a harmonization in the area of method engineering and at the same time emphasiz-
ing the influence of the particular situation, which a method should be applied in, represents
the core idea in situational method engineering as presented by Harmsen [Ha97]. We identified
a similar objective in the area of EA management in the motivating chapter of this thesis. The
situation described by Harmsen in IS engineering is quite similar to the one in developing and
designing organization-specific EA management functions. A multitude of approaches exists
but none of these has gained prominence due to the situation-specificity and organization-
specificity of the subject. The typical questions of situational method engineering like ‘how to
create method fragments, how to store and retrieve them, how to assemble a full method from
the fragments, and how to formalize and structure method fragments’ taking especially into
account the application field of EA management are answered in Section 4.3, which addition-
ally refers to the role of pre-conditions and post-conditions in answering the aforementioned
questions.

4.2.3. Goal-oriented and actor-oriented modeling: the i* framework

According to Harmon [Ha05, page 78] enterprises have a system nature, i.e., they represent
systems, which are composed of systems and act in an environment of interrelated systems.
Furthermore, organizations form socio-technical systems, meaning that they comprise inter-
dependent resources of people, information, and technology interacting with each other in
support of a common mission [Gi10, page 30]. The motivation of these different people has
already been identified as an important aspect of EA management by Zachmann, who intro-
duced the “why” dimension in his framework (see Section 3.3.1 for a detailed discussion of
the framework). Most EA management approaches nevertheless focus on structural aspects of
EA management neglecting the intentional perspective which is concerned with documenting,
investigating, and making explicit the “reasons behind choices [...] and the exploration of
alternatives” [YSD06, page 32].

The i* model, developed by Yu [YM94, Yu96] and ever since applied and furthered in mani-
fold publications not at least from an own workshop series5, is a model that aims at making
explicit the intensional relationships between different actors of a complex system. In 2008
i* has been adopted as part of the ITU-T Recommendation Z.151—User requirements nota-
tion (URN)—Language definition [In08]. In its current form the i* model is comprised of two
submodels, namely the strategic dependency (SD) and the strategic rationale (SR) model. The
former model describes the dependencies between two or more actors in terms of depender,
dependee, and dependum. Thus, it expresses the strategic dependencies among actors. An
actor according to the i* model [Ab07, Section 4.1] can be defined as follows.

Preliminary definition: Actor

An actor represents an active entity that carries out actions to achieve goals by
exercising its know-how.

A dependum in the SR models can be

∙ a goal i.e., the depender needs the dependee to get the (measurable) goal fulfilled,

∙ a tasks i.e., the depender relies on the dependee for getting a task executed,
5See http://istar.rwth-aachen.de (cited 2010-12-20).
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∙ a resource i.e., the depender needs the dependee to provide a certain artifact, or

∙ a softgoal i.e., the dependee can satisfy a not-measurable goal of the depender.

Below an exemplary SD model is given illustrating a goal and resource-dependency. Addition-
ally, the example illustrates the notion of the one-side dependency. In such dependencies, only
depender and dependum or dependee and dependum are known, leaving the opposite actor
unknown.

Example 4.1: The i* framework. If my car is broken by an accident and
I want my car to be repaired, I take the role of a customer having a goal-
dependency to the body shop, in which my car should be fixed. Similarly,
I also need my insurance company to issue a certificate for insurance, i.e.,
I have a resource dependency to the insurance company. I have the goal
to receive a license plate although, the opposite actor who fulfills this
goal is not known. The following figure exemplifies the aforementioned
dependencies using an SD model.

Customer Body 
shop

License plate 
received

Car be repaired

Insurance 
certificate

Insurance 
company

Legend:

A Actor A B Goal B C Resource C

Modelling dependers, dependa, and dependees with i*

These dependencies are explained in the SR model, especially detailing on the intentionally
desired elements for the corresponding actors. In other words, the SD model provides an ab-
stract black-box perspective on actors and their relationships, whereas the SR model explains
dependencies via a white-box perspective on actors and their intentions. Therefore, the SR
model specializes the contribution links to positive and negative contributions. Exemplary
contribution links as defined by i* are a positive contribution strong enough to satisfy a soft-
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goal (make), a positive contribution whose strength is unknown (some+), a partial positive
contribution (help), a contribution whose polarity is unknown (unknown), a negative contri-
bution sufficient enough to break a softgoal (break), a negative contribution with unknown
strength (some-), or a partial negative contribution (hurt).

In the context of EA management methods, especially the task-dependencies are of interest.
Using the mechanisms of the SD and SR models intentional dependencies between differ-
ent actors participating in one or more EA management tasks can be made explicit. The
transparency on the actor dependencies can be subject to systematic analysis regarding the
organizational implementability of an EA management function [YSD06, page 2]. Consider-
ing further the aspect of information demand and supply in the context of EA management,
dependency models as proposed by the i* framework can be used to relate as EA management-
problem and the corresponding stakeholder that triggered the information demand. Taking
into account the amount of information suppliers participating in typical EA management
tasks of documentation, the aforementioned transparency can be used to motivate informa-
tion suppliers by making explicit the drivers and rationale of their ‘additional’ work (cf. the
problem statement of Yu et al. [YSD06, page 2]).

4.2.4. A pattern language for EA management

Following the integration approach introduced in Section 1.1, the pattern-based approach to
EA management addresses typical problems of prevalent EA management approaches like too
abstract guidelines, which lack appropriate guidance to be used in practice, or monolithic, ‘all
or nothing’ approaches neglecting the specific EA-related problems of the associated organiza-
tion. The idea of patterns as reusable solutions to recurring problems was initially introduced
by Alexander et al. [Al77] in the field of architecture and has since that time been adopted to a
variety of different fields6. In 2007 we applied the idea of patterns to the area of developing EA
management functions [Bu07d]. In line with the definition of a pattern given in Section 2.2.2
an EA management pattern is defined by Ernst [Er10] as follows.

Definition: EA management pattern

An EA management pattern is a proven practice-based, general, reusable solution
to a common problem in EA management, for a given context, identifying driving
forces, denoting known usages, and consequences.

Furthering the idea of patterns for EA management, we compiled an initial set of patterns
collected from literature and practice resulting in a first version of the so-called EA man-
agement pattern catalog (EAMPC) [Bu08b]. Alike its relatives from software engineering or
architecture, an EA management pattern is not invented, but represents a “small, re-usable
unit preferably based on established practices” which has been observed in practice [Bu07d,
pages 154–155]. We distinguish three different types of EA management patterns [Bu08b,
page 21].

6A general introduction to the concept of patterns is given in Section 2.2.2.
7While the utilization ofmethodologymeaning ‘method’ is widespread [Ja94, page 35], we refer to its etymology
meaning and definition as the study of methods. In line with this understanding ‘methodology patterns’
should correctly be labeled ‘method patterns’.
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Methodology7pattern (M-Pattern) defines steps to be taken to address given concerns. It also
documents roles, inputs, and outputs of the process as well as known variants and
consequences related to its usage. The documented steps can further use one or more
viewpoint pattern and information model patterns during its execution.

Viewpoint pattern (V-Pattern) proposes a language, i.e., a way how to present certain informa-
tion on the EA to the participants of the method, e.g. diagrams, reports, or bar charts.
It also documents techniques for view creation and usage, as well as known variants of
the viewpoint. Each viewpoint pattern references an information model pattern that
provides the underlying conceptualization of reality. To ensure understandability of a
viewpoint, a legend is regarded to be mandatory.

Information model pattern (I-Pattern) supplies the underlying conceptual model of the EA, i.e.,
an information model fragment. It also includes definitions and descriptions of the used
concepts as well as documents techniques for information model fragment implementa-
tion and usage.

In addition to the above pattern types, we also described so-called anti-patterns for EA man-
agement documenting recurring ‘solutions’, which have proven not to work. Examples for such
anti-pattern can be found in [Bu09e] and in [Er10, pages 54–55]. The initial collection of pat-
terns as documented in [Bu08b] has been evolved by Ernst to a pattern language [Ch10, Er10].
A pattern language according to Alexander et al. is defined as “a structure on the patterns,
which describes how each pattern is itself a pattern of smaller patterns. And there are also
rules, embedded in the patterns, which describe the way that they can be created, and the
ways that they must be arranged with respect to other patterns” [Al79a, pages 185–186].

Besides the anti-patterns, the patterns of the different types follow a standardized documen-
tation schema, a so-called pattern form [Bu96]. Ernst extends the initial documentation form
for EA management patterns in [Er08, Er10]. An EA management pattern according to that
format, which is also used in [Ch10] always provides a fact sheet with an expressive name, a
unique identifier, and versioning information. In addition to the fact sheet, an EA management
pattern typically consists of eight components, namely

∙ an example illustrating the problem to be addressed by the pattern either containing
real world or anonymized information,

∙ a context describing the situation in which the pattern works, i.e., environmental factors
that have to hold, if the pattern should be applied,

∙ a problem referencing the issue a pattern addresses in an appellative description, which
directly addresses the users. The problem statement is further detailed with a discussion
about its associated forces, i.e., goals and constraints that occur in the context,

∙ a solution presenting the fundamental solution principle underlying the pattern, i.e.,
steps to be taken (M-Patterns), exemplary visualizations (V-Patterns), or information
model fragments (I-Patterns). Possible resolutions to the forces of the problem descrip-
tions are delineated as part of the solution description,

∙ an implementation prescribing guidelines for realizing the pattern and operationalize the
solution, e.g. the establishment of specific organizational roles or required tool support,
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∙ variants, i.e., links other patterns, which present variant or specialized solutions of the
pattern under consideration,

∙ known uses describe successfully usages of the pattern, e.g. in organizations, tools, or
literature,

∙ consequences list known side-effects that arise from the implementation of the pattern.
These side-effects can either be benefits that the pattern provides or potential liabilities
(also including one or more new problems),

∙ a see also section that references other patterns, which solve similar problems, refine the
pattern under consideration, or are used by the pattern, and

∙ credits that thank other authors, reviewers, or shepherds, which have been involved in
the pattern elicitation process.

Although patterns according to their typical understanding represent self-contained solutions
to recurring problems, the different types of EA management patterns are strongly intercon-
nected in a way that a combination consisting of at least one M-, V-, and I-Pattern is used
to address a given EA management problem. This circumstance can be exemplified with the
M-Patterns, which reference one or more V-Pattern to be used during the conduction of a
step, see the M-Patterns proposed by us in [Bu08c, Bu09a, Bu09c, Bu09d, Bu09i, BES10b] or
Lau et al. [La09b]. In a similar vein, the V-Patterns are strongly linked to the I-Patterns in
the sense, that a V-Pattern exemplifies the specified viewpoint, using the concepts supplied by
a specific I-Pattern. Besides these relationships, which relate ‘prerequisite’ patterns, another
type of relationship between EA management pattern exists, referencing ‘alternative’ patterns.
Using the latter relationships evolution paths, i.e., maturity stages, for the EA management
function can be defined (cf. [BMS10f, Bu10c] for a maturity discussion on the information
model level).

Reflecting the pragmatic nature of patterns, which mainly target practitioners, pattern typ-
ically do not account for terminological issues. Pattern languages as systems of interrelated
patterns accordingly do not provide specialized means and techniques to ensure terminolog-
ical consistency between the interrelated elements. The pattern language for EA manage-
ment [Ch10] also follows this pragmatic nature. Whereas a common glossary for the EA
concepts, i.e., the constituents of the I-Patterns, is given, no entries for other terms, as con-
tained e.g. in the method prescriptions of the M-Patterns are provided. Thus, the wording as
used in different M-Patterns has to be adapted prior to integrating them into a comprehen-
sive EA management function to avoid terminological disruption. This in particular applies
as the method prescriptions in the M-Pattern are described on different levels of granularity
mostly staying on an abstract and vague level that can be summarized as ‘something must be
documented in an architectural artifact, the artifact must be analyzed and communicated to
the according participants to support their decision making process’. This general process of
documenting, communicating, analyzing, and deciding is repeated in different ordering in the
various M-Patterns. The redundancy can thereby be ascribed to the direct linkage between
an M-Pattern and the EA management problem to be addressed. Two similar problems, e.g.
increasing homogenization of applications and increasing homogenization of infrastructure
elements, result in two different M-Patterns containing the same method prescriptions but
referencing different V-Patterns and I-Patterns.
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The pattern language for EA management provides a way to reuse proven-practice solutions
for EA management problems and presents a good starting point for our method to design
organization-specific EA management functions. Whereas the overall structure of the EA
management pattern catalog gives rise to redundancy, e.g. each M-Pattern specifies distinct
ways to collect information, to prepare or to enact decisions and plans, the collection of best
practice method prescriptions is reconsidered in our solution. Besides the aforementioned
drawbacks of the pattern-based approach, an overall picture of the EA management function
is missing. Such an understanding of the overall make up of the EA management function
is needed to develop a comprehensive, consistent, and coherent management function out of
method fragments. Furthermore, the level of detail in the method prescriptions should be
lowered to make the sometimes abstract and vague prescriptions as contained in the pattern
language for EA management organizationally implementable. Finally, the explicit relation-
ships between patterns form an issue to be addressed in our method, as these hamper the
evolution of the overall knowledge base. The aspect of consistency deserves special attention
and techniques to ensure that a combination of method fragments results in a consistent and
coherent EA management function need to be established.

4.3. BEAMS: A conceptual overview

The central contribution of this thesis are the building blocks for EA management solutions
(BEAMS) and the associated development method which guides the design of organization-
specific EA management functions. The development method builds on prescriptions that
have been proven useful to address specific EA management problems in a given context in
practice. While a multitude of such prescriptions exists (see the analysis in Section 3.3), they
are typically described using different terminologies and levels of abstractions. To facilitate
re-usability in our development method the concept of building block is used which provides
a unifying basis by specifying the necessary design and components of the prescriptions. We
identify two different types of building blocks—method building block (MBB) and language
building block (LBB). This distinction is supported by the idea of method-language dichotomy
as promoted by Schelp and Winter [SW08, page 81] as well as Aier and Schelp [AS09, page 55]
and can also be found in our pattern-based approach to EA management [Bu08b, Ch10]. In
our solution, MBBs describe the steps to be taken, the decisions to be made, and the par-
ticipants involved in addressing a specific EA management problem in a given organizational
context. The language counterpart is described in the LBBs which provide the language
primitives used during executing the MBB. As this thesis focuses on the method part of EA
management functions it emphasizes the MBBs which are subsequently discussed in detail.
In this section, we briefly sketch the main constituents of our solution and outline the general
method for developing organization-specific EA management functions. The relationship and
linking to LBBs, which are researched in a complementary workstream [BMS10d], is drawn
where necessary.

As our literature review in Section 3.3 on prevalent EA management approaches revealed, a
plurality of method prescriptions, i.e., solutions, addressing specific EA management problems
in given organizational contexts exists. The applicability of these solutions depends on the one
hand on the organizational context which delineates facilitating factors or impediments and on
the other hand on the specific EA management problem which describes the goal pursued and
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the concern addressed. Therein, not only the granularity in which the solution is described
but also the level of abstraction used to document the organizational context and the problem
varies widely in the different approaches. Taking into account these inhomogeneous description
levels, the organizational context and problem descriptions can be categorized according to
the classification of Pries-Heje and Baskerville [PHB08, pages 732–733] as asymmetric criteria,
i.e., criteria that apply only to a subset of the solutions8. As a result, ‘classic’ contingency-
based approaches are not sufficient to determine the solutions suitable for a specific problem
in a given context, as they use symmetric criteria, i.e., criteria that apply to all solutions. For
the context of decision support in situations where asymmetric criteria exist, Pries-Heje and
Baskerville present the idea of a design theory nexus (cf. Section 2.2.3). A design theory nexus
links competing design theories that apply to problems in given contexts. Thus, the concept
of the nexus can be mapped to the idea of a method base in terms of situational method
engineering (cf. our discussion in [BMS10c] and [BMS10a]). The linked design theories are
not unified but retain their levels of abstraction. In the context of EA management, the
existing approaches to develop an EA management function are design theories in the sense
of Walls et al. [WWES92] as discussed in Section 2.2. A selection of solutions, i.e., design
theories, from a nexus instantiation or method base for EA management, respectively, can
therefore, if it is a consistent one, be used to develop an organization-specific EA management
function. Figure 4.3 provides an overview on the design and the components of a design theory
nexus instantiation that supports the development of organization-specific EA management
functions.
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Figure 4.3.: Design theory nexus instantiation for EA management functions

8For an explanation of symmetric and asymmetric criteria see Section 2.2.3.
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With the thesis focus on the development of an organization-specific method for an EA man-
agement function, we define a method base as follows.

Definition: Method base

A method base is an organized collection that contains a set of interlinked method
building blocks (MBBs). The method base enables the enterprise architect to select
MBBs that fit to the situation at hand by interlinking MBBs with organizational
contexts.

With the method base concerned with the MBBs and organizational contexts, we subsequently
sketch the core constituents of a design theory nexus instantiation for EA management from
a black box perspective as illustrated in Figure 4.3.

Competing theories: The competing theories represent prevalent method prescriptions (see the
literature review performed in Section 3.3) that are linked in the design theory nexus
instantiation in the form of building blocks. Reflecting the nature of EA management
as a practice-oriented field of research, we build on theories which have been proven
beneficial in practice (see the pattern-based process to theory building in Section 2.2.2).

Problem: A problem represents the issue to be solved by applying the theory. A problem in
the area of EA management consists of a

goal representing an abstract objective of the EA management initiative, e.g. increase
homogeneity, provide transparency, and a

concern, i.e., an area of interest in the enterprise9.

Organizational context: The organizational context represents the situation in which the EA
management function operates. Typical facilitating factors and impediments, which
are considered in the organizational context, are the enterprise culture, management
commitment, or the organizational structure.

Building block: The building blocks represent the theories to be combined to an organization-
specific EA management function in a consistent and coherent form. Reflecting the
dichotomy of method and language, two kinds of building blocks exist,

MBBs describing who has to perform which tasks to address a problem in the situated
context and

LBBs referring to which EA-related information is necessary to perform the tasks (spec-
ified in an information model building block (IBB)) and how it can be visualized
(defined in the viewpoint building block (VBB)).

In terms of Gutzwiller [Gu94, page 3], MBBs describe tasks, participants10, and techniques
whereas the LBBs describe the meta-model. The results are referred to by both building block
types and represent boundary objects, i.e., objects that are relevant to two perspectives in terms
of Star and Griesemer [SG89]. To get into detail, the MBBs specify certain requirements that
the results must fulfill and the LBBs specify how the results should be presented. In the
application area of EA management results of EA management tasks are typically referred to
9See definition of concern in Section 3.1.1.
10Gutzwiller originally used the term activity instead of task and role instead of participant.
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as architecture artifacts, architecture descriptions, or viewpoints (cf. Lankhorst [La09a]) and
the meta-model is contemplated information model11. To avoid a situation as we encountered
in the pattern-based approach to EA management (see Section 4.2.4), where especially in
the M-Patterns redundancies in the prescriptions exists, the MBBs contained in the method
base represent ‘underspecified’ building blocks extracted from the best practice solutions.
We introduce the variable concept, that represents a ‘underspecified placeholders’. This
placeholder is configured during the development method. In the context of BEAMS, we
supply four different types of variables which are in the following introduced by example.

Example 4.2: The variable concept. Two fictitious organizations from
the finance industry have each established an EA management function to
document their as-is situation via face-to-face interviews with the corre-
sponding information suppliers.

In organization A the interviews are conducted on demand with application
owners to gain information on the application landscape. Therefore a
structured questionnaire is used.

In organization B the interviews are conducted on a yearly basis with busi-
ness process owners to gain information on the current process portfolio of
the organization. The enterprise architects do not use any auxiliary mate-
rials except a note to put down the information gathered, as they have a
profound understanding of the overall architecture and can decide ad hoc
which questions should be asked.

The general method how the as-is situation is documented in the above example can be
regarded similar in both organizations. Hence the precise realization varies. The tasks that
need to be performed, e.g. contacting the interviewee, arranging an interview date, preparing
the interview, conducting the interview, post-processing of the interview, etc. can be described
in a uniform way. In contrast, the participants vary as do the viewpoints used to gather the
information, the triggers of the activities, and the underlying information model describing
the problems to be addressed. Reflecting these different concepts, we introduce four types of
variables for MBB descriptions, namely

∙ participant variables that denote a certain participant involved in executing a task for
whom certain requirements hold. In the above example both the application owners as
well as the business process owners can be generalized to a participant called ‘information
steward’, i.e., persons which acts as information suppliers.

∙ viewpoint variables that replace specific perspectives in architecture descriptions. The
viewpoints used in the above example, the questionnaire and the note, are replaced in
a method description by the general concept of viewpoint variable, which are either of

11For a definition of viewpoint in the context of architectural descriptions and information model see Sec-
tion 3.1.1.
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the type representation function, i.e., used to communicate information on the EA as
introduced by Ernst et al. [Er06], or are of the type notation function, i.e., used to model
the EA as alluded to by Kühn [Kü04, pages 30–37].

∙ information model variables that replace the specific EA concepts, e.g. the concepts
that make up the application landscape and the processes of the process portfolio from
the above example, to decouple the method prescriptions from the specific conceptu-
alization of the EA, which is regarded to be organization-specific (cf. discussions by
Kurpjuweit [Ku09] or Kurpjuweit et al. [KW09]). A method description can neverthe-
less specify some concepts which must be contained in an information model variable
without confining the information model to these concepts. Typically, these concepts
represent cross-cutting aspects as principles, projects, or standards (see Chapter 1 for
an explanation of cross-cutting aspects).

∙ trigger variables that specify when an MBB is performed. Different types of trigger
variables exist, namely event triggers and temporal triggers. An event that triggers the
execution of an MBB can be invoked by a task from another MBB, e.g. the publication
of an architectural description or the documentation of a project. A temporal trigger
represents an external trigger, i.e., specifies time intervals when an MBB is executed.

Participant
variable

Task

Information model
variable

Viewpoint variable

Trigger 
variable

output

input

Figure 4.4.: Interlinking MBBs and LBBs via different types of variables

Figure 4.4 shows the relationships between the introduced types of variables and links them
to the MBBs via the central concept of task. A color-coding is employed which classifies the
concepts as MBB-related (blue) and LBB-related (green). The trigger variable specifies when
a certain task is executed. Each task of an MBB relates to an information model variable
which specifies the concepts of the EA used during the conduction of the task. Furthermore,
each task is associated to at least one participant variable, which is responsible for executing
the task. During execution of the task, information on the EA, specified in an information
model, is modeled, read, or updated using a viewpoint, which has to be specified in the
configuration step of the development method and assigned to the viewpoint variable. Different
viewpoints thus are based on different information models. The different information models
hence can be integrated into a consistent information model representing the conceptual model
of the associated organization. The variable concept thus not only interlinks the methodical
perspective of an EA management function with the corresponding EA modeling language
but further supports organization-specific customization of e.g. participant descriptions or
viewpoint specifications.

With the focus on a development method for organization-specific EA management functions,
we in the following we place emphasis on the method-related constituents and challenges.
Recapitulating the definition of method as provided in Section 4.2.1 and taking into account
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requirement Q2 which demands an EA management function to be problem-oriented and
stakeholder-oriented, two different participants can be identified that relate to the EA man-
agement function, namely

∙ stakeholders who own the problems to be addressed by the EA management function,
i.e., represent information consumers and

∙ actors who participate in an EA management-related task, i.e., are information
providers.

In the sense of the i* SD-model the stakeholders can be interpreted as the dependers who
rely on the actors, i.e., the dependees to get a task executed, a goal fulfilled, or a resource
provided (see Section 4.2.3). Using the i* SD-model, organizational implementability of an
EA management function and the constituting activities and tasks can be analyzed. Thereto,
we propose a technique that makes explicit the dependency between the stakeholders of an
EA management problem and the corresponding actors that are involved in addressing the
problem. Comparing the dependencies with the organizational structure the organizational
implementability can be evaluated. Section 5.4.2 presents a technique to analyze the organi-
zational implementability and discusses different relations between organizational control and
information dependencies.

Based on the organizational contexts and specific problems of the stakeholders, the MBBs
from the method base are selected. The linking of competing theories from different origins
into a method base is aggravated by the fact that the method prescriptions from the theories
can use different terminologies, be defined on different abstraction levels, as well as refer to
distinct organizational contexts and specific problems. To facilitate the selection and inte-
gration of MBBs, a general framework of the main activities of an EA management function
that supports classification and structuring of method prescriptions from prevalent theories
has to be developed. Therefore, the high-level objective of EA management to guide the
managed evolution of an organization is revisited. Figure 4.5 shows the main activities of an
EA management function and illustrates the interplay between methods and models for EA
management.

In response to the complexity of the EA, models describing the current state are developed,
which are analyzed to identify potentials for improvement. Based on the analyses and planned
projects, roadmaps for the evolution of the EA are developed and documented in planned
states, which are again evaluated to identify the most appropriate one. This state is finally
enacted and communicated to guide the transformation process.

In line with our findings from Chapter 3, we identified in [BMS10j] the main activities of
an EA management function: develop & describe, communicate & enact, analyze &
evaluate, and configure & adapt. Further investigating the develop & describe activity of
the EA management function, we identified three different time-related dimensions that can
be used to classify the resulting architecture descriptions [Bu08d, page 65], [Bu09f, page 14],
and [Bu11b]. Firstly, an EA description has been modeled at a certain time. Secondly,
an EA description is planned for a specific time, i.e., specifies at which point in time it
should become a description of the status quo and thirdly, different variants of an future EA
description can exist, e.g. reflecting different evolution paths. In line with these time-related
dimensions the develop & describe activity can produce EA descriptions of three different
states of the EA.
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Figure 4.5.: Transforming enterprises: the interplay between models and methods for EA
management

∙ Current state represents the status quo of the landscape as-is modeled at a certain
time.

∙ Planned states represent medium-term future states of the EA as to be at a specific
point in time that are modeled at a certain time emphasizing the changes performed by
planned projects up to the specific future dates. Reflecting different project portfolio
choices one or more variants for a specific future date (planned for) can exist.

∙ Target state represents a long-term envisioned state of the EA which is typically defined
on a more abstract level and must not relate to the current state as well as consider
specific projects. The target state is typically derived from the organization’s vision and
strategy.

Figure 4.6 illustrates the different states of the EA and relates them to the two dimensions of
time and the variants dimension.
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Figure 4.6.: Current, planned, and target state of the EA
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Based on the above understanding of EA state and the findings from the literature review, we
devise a general method framework for the EA management function, which can be used to
classify method prescriptions for the integration in our nexus instantiation. The framework
further enables subsequent selection and integration into a consistent and coherent EA man-
agement function. It is problem-independent, i.e., does not refer to specific concepts of the
EA but might reference the different states as introduced above. We subsequently introduce
the activities of the method framework and provide additional details on the EA descriptions
that are created and consumed by each activity in terms of above EA states.

Develop & describe—This activity is concerned with creating EA descriptions of the cur-
rent, planned, and target state of the EA. The target state is developed based on the business
and IT visions and strategies that the enterprise seeks to implement. In creating a description
of the current state, a defined area-of-interest, i.e., a concern, is documented via an EA de-
scription and planned states making the evolution roadmap explicit are developed. Further,
the activity is concerned with establishing maintenance procedures that ensure the actuality
of the EA descriptions. For implementing the activity, different best-practices can be used,
ranging from documentation endeavors on regular basis, to continuous endeavors accompany-
ing the EA relevant projects (cf. Moser et al. [Mo09]). As the develop & describe activity
is concerned with developing architecture descriptions, the viewpoint variable is of the type
notation function, as introduced above.

Communicate & enact—The developed architecture descriptions need to be made avail-
able to the different participants via propagating them to the enterprise-level management
functions. This propagation aims at influencing the decision making in the related functions.
Therefore, communicating and enacting contributes to the decision making in the enterprise-
level management functions, e.g. project portfolio management. Different ways to implement
the activity exist. These range from the non-interfering way of informing the decision makers
to the most powerful method of having the right to stop projects, which are non-conformant
with respect to planned and target states of the EA. This activity hence always takes the
EA description as input, but can create multiple output artifacts that are handed over to the
enterprise-level management functions. The types of artifacts to be exchanged thereby depend
on the method of communication and enactment chosen. Typically a viewpoint variable of
the type representation function is used to communicate and enact the different states of the
EA.

Analyze & evaluate—Architecture descriptions of different states of the EA are created and
maintained by the EA management function. The analyze & evaluate activity makes these
descriptions comparable to prepare a subsequent decision on the future evolution. Different
properties of the architecture can thereby be of interest, ranging from compliance character-
istics to economic properties. Functional properties of the architecture, as e.g. the provided
business support, can also be important (cf. Niemann [Ni06c]). Most commonly non-functional
properties, e.g. the availability of certain business services (cf. Johnson et al. [JNL06]) or the
flexibility of the overall architecture are used for analyzing different states. In literature a broad
variety of approaches to EA analysis exist, differing with respect to the employed level of for-
malization, ranging from expert-based assessments (cf. Niemann [Ni06c]) to indicator-based
computations (cf. Frank et al. [Fr08] as well as Iacob and Jonkers [IJ06]). The approaches
also vary concerning their time reference: some approaches are designed to analyze current
architectures (cf. Niemann [Ni06c]), while other approaches (cf. De Boer et al. [Bo05]) provide
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prediction capabilities that can be used to analyze architectures not yet realized. On the one
hand viewpoint variables of the type representation function are typically used during analysis
or evaluations as input, on the other hand viewpoint variables of the type notation function
are used to incorporate the results into the architecture description.

Configure & adapt—Before starting an EA management endeavor the EA management
problems to be addressed by the initiative should be clearly defined. Based on these problems
the goals to be pursued and the concerns in the EA can be defined. As part of the configure
& adapt activity also decisions on the scope and reach of the EA management function must
be made. The choices range from bottom-up approaches, in which only a certain division of
the enterprise is considered regarding a certain aspect like standardization, to top down ap-
proaches, where the whole enterprise is examined with respect to multiple aspects. After the
initial establishment of an EA management function, the configure & adapt activity is con-
cerned with measuring the overall performance of the EA management function. Adaptations
can be necessary, if e.g. goals are achieved and the enterprises matures or the organizational
context changes. The configure & adapt activity results in a (re-) configuration of the EA
management function. Thus a documentation of the management function can be regarded
to be the output of this activity.

Figure 4.7 provides an overview of the method framework. Based on the above developed
understanding, we revise our definition of EA management as follows.A method framework for EA management
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Figure 4.7.: Method framework detailing the main activities of an EA management function

Definition: EA management

EA management is a continuous and self maintaining management function seeking
to improve the alignment of business and IT and to guide the managed evolution of
an (virtual) enterprise. Based on a holistic perspective on the enterprise furnished
with information from other enterprise-level management functions it provides input
to, exerts control over, and defines guidelines for these enterprise-level management
functions. The EA management function consists of the activities develop & describe,
communicate & enact, and analyze & evaluate.
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Subsequently, we exemplarily apply the generalized method framework to classify single ac-
tivities of an EA management function as established by an industry partner.

Example 4.3: The EA management activity framework. The topic
of EA management has a long history in the internationally operating bank
from Germany since a merger in the year 1996. The management function
established at the company consists of the following activities:

(1) Create and adjust IT strategy: Based on the enterprise business strat-
egy, the IT strategy is developed, which includes information on core
competencies, products, business areas, etc, and is used to design a
target state of the EA.

(2) Develop and update architectural guidelines and standards: Architecture
principles are identified and guidelines as well as standards are de-
veloped and updated on this basis. To decide on new guidelines or
standards, an architecture board was introduced.

(3) Identify needs for action originating from business and IT: Business and
IT demands are collected and analyzed with respect to their strategic
or operative importance. The identified needs are further assessed and
prioritized according to the architectural principles identified.

(4) Develop and update architecture artifacts: EA descriptions, like view-
points, artifacts, guidelines, and standards are developed from three
perspectives: the functional, technical, and security perspective. They
are updated on a yearly basis either prior to or after the creation of
the annual project plan.

(5) Check architecture conformity: The EA conformity is ensured via qual-
ity gates for projects, i.e., each project is assessed for its conformity
with the EA plans. If deviations are detected the decision on the
continuation of the project is vertically escalated.

The EA management function as presented above was subject to vari-
ous changes in the past, where the performance of the function itself was
assessed. Such an assessment took place in the year 2005, where impedi-
ments, which hampered the successful management of the EA, were iden-
tified. As a consequence of this assessment, decisions on architectural
guidelines in activity (2) were not longer taken in a central board, if activ-
ities with local impact are concerned. Thus, overloading the architecture
board is prevented.

The EA management function established at the banking company can be mapped to the
activities of our method framework as follows: the activities (1),(2), and (4) relate to the
develop & describe activity, activity (3) relates to analyze & evaluate, and activity (5) relates
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to communicate & enact. Although the industry partner has a long history in EA management,
no dedicated activity for the adapting the EA management function itself is established.

Using our general method framework for EA management functions, prevalent method pre-
scriptions can be structured and organized in the method base as problem-independent MBBs
that are linked to the contexts in which they can be applied. Integrating these MBBs into
an organization-specific EA management function with a coherent and consistent method
prescription raises some challenges. Obviously not every combination of (in terms of the or-
ganizational context) suitable MBBs is consistent. Furthermore, MBBs have to be placed in
a certain order, e.g. an architectural description of the current state can only be analyzed, if
it has been documented, i.e., described, before. Some MBBs might require other MBBs to be
included and finally the variables of participants, viewpoint, information model, and trigger
type employed by an MBB have to be configured during the development method to result in
an implementable method prescription of the EA management function. Further considering
the former challenges, three types of relationships between MBBs can be introduced, namely
integrable, alternatives, and related. To facilitate maintenance of the method base, no
‘explicit’ links between the MBBs are established (cf. our discussion of the drawbacks from the
pattern language in Section 4.2.4), instead we use the concepts of pre-conditions and post-
conditions to establish implicit relationships between MBBs. A post-condition thereby is
a specialized form of a consequence as presented in our pattern-based approach to EA man-
agement (see Section 4.2.4) that specifies conditions for the information model variable that
hold after the tasks described by the MBB have been applied. The pre-condition represents
the counterpart specifying what conditions must hold prior to applying the method.

Example 4.4: Relationships and conditions. Different MBBs to de-
velop an architectural description of the current state of the EA exist.

∙ MBB1 uses an interview based technique to gather information,

∙ in MBB2 e-mails containing a questionnaire are sent to the information
stewards, and

∙ in MBB3 a dedicated tool for EA management is used.

The pre-conditions of all these MBBs are empty, i.e., they do not impose
any constraints for the information model variable. The post-conditions
of MBB1 and MBB2 are identical as they both specify that the concern
assigned to their information model variable a) has been documented and
b) that during documentation inconsistencies might have occurred. In
contrast MBB3, which uses a tool-based technique, can ensure consistency
during documentation such that its post-condition is limited to the concern
being documented.

With the above understanding of pre-conditions and post-conditions, the different relationship
types of MBBs are defined as follows: two MBBs, MBB1 and MBB2 are
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∙ integrable, if the post-condition of M1 fulfills the pre-condition of M2,

∙ alternatives, if both MBBs, MBB1 and MBB2, specify the same pre-conditions as well
as the same post-conditions, and

∙ related, if both MBBs, MBB1 and MBB2 contain the same pre-conditions but specify
differing post-conditions.

These relationships can be detailed along the above example of MBBs belonging to the develop
& describe activity as follows.

Example 4.5: Integrable, alternatives, and related MBBs. Between
above MBBs the following relationships can be identified.

M1alternative related M3M2

M4

integrable integrable

Exemplifying the relationship of integrable one could think of an MBB
(MBB4) that specifies a method to resolve inconsistencies based on textual
information descriptions.

In Section 5.3.2 we introduce a technique to ensure consistency based on above concepts of
pre-condition and post-condition. The technique is applied as part of our development method
for organization-specific EA management functions based on the MBBs.

In line with the constituents of a method as discussed by Gutzwiller [Gu94], above concepts
constituting a method description in the context of EA management and in line with the
framework of the main activities of an EA management function, we define an MBB as fol-
lows.

Definition: Method building block (MBB)

A method building block is a context-specific, problem-independent description of a
coherent part of an EA management method describing the tasks to be performed,
triggers, participants, known forces, consequences, as well as pre-conditions and post-
conditions. An MBB can be classified as contributing to the develop & describe,
communicate & enact, or analyze & evaluate activity of an EA management function.

The configure & adapt activity as mentioned before represents a meta-activity to the three
other activities, in the sense that it is concerned with determining the design of the afore-
mentioned activities. Such activity is sometimes referred to as EA management governance
(cf. Harmsen et al. [HPK09, pages 120–121]) and maps to the development method of
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our solution. Therein, especially the aspect of constructing a coherent and consistent EA
management function based on the MBBs from the different activities is challenging. As men-
tioned before, we use the method framework to facilitate the structuring and organization of
method prescriptions to MBBs and further incorporating them into the method base. Further
the framework is used in the development method to support the selection and integration
of MBBs. Our understanding of the EA management function as a continuous management
function is thereby in particular reflected by the last activity of configure & adapt. It builds on
the concept of reusable MBBs to develop an organization-specific EA management function,
thus concretizing the configure & adapt activity. The development method consists of three
parts, namely characterize situation, configure EA management function, and ana-
lyze EA management function. The characterization of the situation is a simple activity
which consists only of two steps.

1. Characterize the environment of the EA management function by selecting the organi-
zational contexts that apply in the organization.

2. Select the problem to be addressed by the endeavor, i.e., the goal to be pursued and the
concern on which the goal applies.

For each combination of organizational context and problem, an appropriate method to solve
the problem is configured. Configuring the method starts with an empty set of method
specifications that is expanded by iteratively applying the following steps

1. Select an appropriate MBB from the method base

2. Customize the MBB via assigning the variables, i.e.,

a) assign organization-specific roles to the participant variables,

b) define triggers that specify when a task is executed, and

c) detail appropriate viewpoint descriptions to be used for executing a task.

3. Update the organization-specific configuration, i.e., integrate configured method frag-
ments with into the already configured EA management function (this step is omitted
in the first iteration).

While the organizational contexts provide ‘static’ filtering criteria, appropriate MBBs to be
selected in the first iteration are only those which do not specify any pre-conditions. The
latter criteria represents a ‘dynamic’ one, i.e., is adapted with each MBB selection. In other
words, while the set of selected MBBs and thus the predefined method prescription matures,
the post-conditions of already selected MBBs extend the set of applicable MBBs.

Complementing, the above two parts of the method, the organization-specific configuration is
finally analyzed for organizational implementability by

∙ the communication to the stakeholders as sponsors of the endeavor and

∙ by analyzing the stakeholder-actor-dependencies with the organizational control struc-
tures.

Reflecting the changing topics of the EA management function the development method is
additionally complemented with guidelines how to adapt an organization-specific configura-
tion to changing situations, i.e., changing organizational contexts or varying problems to be
addressed.
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4.4. Summary

In this chapter we outlined the basis idea of our development method that builds on practice-
proven building blocks for developing organization-specific EA management functions. To
further shape the solution domain, we started with characterizing the development method
in Section 4.1. Thereto we use a twofold approach reflecting on the one hand quality crite-
ria which designate general characteristics of the resulting artifact, i.e., an EA management
function, and on the other hand users’ expectations for using the development method and
underlying method base to develop such management functions. Regarding the former case,
we elicited nine quality criteria using a hermeneutic method. We iteratively revisited our find-
ings from the literature review in Chapter 3 against the set of requirements as presented by
Hafner and Winter [HW08], the requirements specified by GERAM [In99], and a practitioners
view as reflected in a comprehensive set of scenarios gathered during the EAMTS 2008 [Ma08].
Complementing the first set of quality criteria, we elicited requirements on the ‘meta-level’,
i.e., regarding the development method and the method base using the guidelines of modeling
as proposed by Becker et al. [BRS95] as well as Schütte and Rotthowe [SR98]. Complement-
ing these two sets of characteristics that answer our research question 3, we approached our
contributions from a design perspective. Based on the guidelines for design science research
of Hevner et al. [He04] we established a basis to evaluate the quality of our contribution.

Preparing the presentation of our development method and the underlying method base, we
revisited contributing theories from related disciplines in Section 4.2. We started with further
investigating the notion of method which relates to our contribution in a dual way. First,
our main contribution is a method to develop organization-specific EA management func-
tions and second, we focus on the methodical part of EA management functions, i.e., the
result from applying the development method itself is a method. In particular, we detailed
on the constituents of a method according to Gutzwiller [Gu94] and indicated their rele-
vance for the application in the EA management domain. Referencing to the characteristics
of organization-specificity, we outlined the basic idea of situational method engineering for
developing situation-specific methods as proposed by Harmsen [Ha97]. Discussing two dif-
ferent types of constructs representing ‘method pieces’, we identified the concept of method
fragments as appropriate to describe our practice-proven method prescriptions. Furthermore,
Harmsen [Ha97] proposes two generic processes in the context of situational method engineer-
ing one relating to applying the method base, which we linked to our development method,
and one for administering the method base. Providing a preliminary framework for our de-
velopment method, the generic process for applying the method base is discussed. It consists
of the steps of characterization of the situation, selection of method fragments, and method
assembly [Ha97]. Complementing the influence of situations on the development of EA man-
agement functions, we revisited Yu’s work on intentional modeling [Yu96] and discussed how
the different actors, i.e., participants, of an EA management function depend on each other.
We also described how the explicit dependencies can be used to ensure organizational imple-
mentability. Finally, we prepared the exposition of our solution by revisiting our pattern-based
approach to EA management [Bu07d], which was further developed to a pattern language by
Ernst [Er10]. Exploring the benefits and shortcomings of EA management patterns, we delin-
eated how patterns can contribute to the development of our solution.

Section 4.3 finally presented the general design of our solution. Central concept of our solution
is the method base which can be identified with the method-related part of a design theory
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nexus instantiation for EA management in the sense of Pries-Heje and Baskerville [PHB08].
Further detailing the solution, the design and components of the method base, are detailed.
Thereto, we introduced the concepts of problem, organizational context, and method

building block (MBB) and described the interplay between the concepts by taking into ac-
count the idea of situational method engineering. By introducing the variable concept, we
enabled a unified description of the MBBs independent from the specific problem to which
they are applied. Further the variable concept enables customization of MBBs to organization-
specificities, e.g. already existing roles and responsibilities as well as suitable time schedules
for triggering the MBBs. Following the idea of intentional modeling, we introduced a distinc-
tion of participants who act as stakeholders, i.e., in the role of information consumers and
actors who represent information providers. Preparing further discussions on the integration
of different MBBs, we proposed a framework describing the main activities of an EA manage-
ment function, which consists of three activities: develop & describe, communicate & enact,
and analyze & evaluate activity. We detailed concepts of pre-condition and post-condition
which are used to determine whether two MBBs can be consistently integrated. The chapter
concludes with an exposition of the development method to design organization-specific EA
management functions consisting of the activities characterize situation, configure EA

management function, and analyze EA management function. While we provided an
overview on the steps of each of these activities taking into account the work on situational
method engineering, we postpone their in-depth discussion to Chapter 5.
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CHAPTER 5

BEAMS: Building Blocks for EA Management Solutions

BEAMS supplies the method base to store best practice knowledge on method descriptions
for the EA management function, provides techniques to support the organization-specific
identification and configuration of MBBs, and guides the customization and integration of
MBBs into a comprehensive EA management function by a defined method. Central con-
cept of BEAMS is the concept of MBBs that represent reusable, problem-independent design
prescriptions applicable in a defined context. The MBBs in the method base are organized
according to our general EA management activity framework along the activities, develop &
describe, communicate & enact, and analyze & evaluate. The framework’s fourth activity—
configure & adapt—is a meta-activity for which BEAMS provides the development method
to design organization-specific EA management functions using the method base as well as
the administration method to maintain and evolve the method base. The administration
method describes how best practice-proven solutions are documented in a structured manner,
decomposed into MBBs to minimizing redundancies, and integrated into the method base.

The building block-based integration approach of BEAMS leads to challenges with respect to
the consistency of the integrated solution. During the integration of method fragments we must
ensure consistency and coherency of the resulting method description. Thereto, we provide
specialized integration and configuration techniques that do not use explicit relationships
between MBBs, but are based on consistency rules linking MBBs via implicit relationships.
We use the concept of implicit relationships to ease contribution of new MBBs to the method
base. Implicit relationships do not have to be maintained explicitly, but can be derived
from MBB characteristics. The techniques also refer to language-aspects of EA management,
especially to the information model used to describe the relevant part of the EA. Thereto, we
discuss how meta-attributes describing certain characteristics of the information model can
be used to ensure consistency. Figure 5.1 illustrates the three main contributions of BEAMS:
the method base, the development method, and the administration method.
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Figure 5.1.: The main contributions of BEAMS: method base, development, and administra-
tion method

This chapter is structured according to the main contributions as illustrated in Figure 5.1.
Starting with the MBBs representing the central concept of BEAMS, we present a dedicated
modeling language for describing the MBBs as contained in the method base in Section 5.1.
The MBBs represent problem-independent method descriptions that build on the variable
concept to enable configuration during the development method. The modeling language
makes the MBBs accessible in a uniform way for the intended users of the development method.
In line with Mylopoulos [My92] and Kühn [Kü04], we understand a modeling language as
constituted of

∙ a syntax that describes the language primitives as well as principles and rules for con-
structing correct language expressions,

∙ a semantics that describes the meaning of the primitives and the language expressions,
and

∙ a notation that describes how the primitives and expressions are represented.

In Section 5.1.1 we incrementally revisit the characteristics of a ‘good’ EA management func-
tion and the associated relevant language primitives and supply definitions of their meaning.
Thus, we delineate the syntax and semantics of our language. The triple of syntax, semantics,
and notation is completed with the presentation of a graphical notation in Section 5.1.2. The
graphical notation builds on the familiar notation of the business process model and nota-
tion [Ob10b].
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The development method representing the main contribution of this thesis is presented in Sec-
tion 5.2 to Section 5.5. The development method uses the practice-proven MBBs contained in
the method base to design an organization-specific EA management function. The develop-
ment method consists of four phases, namely characterize the situation (see Section 5.2),
configure EA management function (see Section 5.3), analyze EA management func-

tion (see Section 5.4), and adapt and evolve EA management function (see Section 5.5).
For each of the above phases, the single steps to be performed are detailed in subsequent sec-
tions. Thereto, we first lay the basis for the different parts of the development method by
augmenting the conceptual model of MBBs developed in Section 5.1 with the relevant con-
cepts. The concepts are thereby derived along the characteristics of a ‘good’ EA management
function defined in Section 4.1.1. Second, we present associated consistency rules and supply
additional techniques. Third, we present the methodical part that builds on the introduced
concepts and techniques. The single parts of the method are thereby presented using a three-
fold approach: first, we provide an overview on the corresponding phase using a UML activity
diagram; second, the single activities of the diagram are described textually. Third, the the-
oretic presentation of the phases is complemented by an expository example illustrating the
execution of the method and the application of the techniques. The output of the single
phases of the development method is an organization-specific configuration that is itera-
tively enhanced and contains the selected problems, organizational contexts, and the resulting
EA management function. Case studies describing the application of the development method
in real-life cases are presented in Chapter 7.

Final Section 5.6 introduces the administration method concerned with the development
and maintenance of the method base. The section presents the findings from the industry-
funded research project EA management method library (EAMML) in which we developed the
first version of the method base. We provide an overview on the project and the participating
industry partners and discuss how the method base was initially developed. Thereto, we
refer to the single steps of our research method presented in Section 2.3. Furthermore, we
supply the administration method detailing how newfound practice-proven solutions can be
incorporated into the method base and how already described solutions can be adapted. The
administration method is exemplified using a practice-proven solution gathered during the
EAMML project.

5.1. Method building blocks

Central to BEAMS is the notion of the MBB as a re-usable, practice-proven, problem-
independent method description that has proven to be applicable in a certain organizational
context. Method descriptions of the EA management function are typically documented textu-
ally and thus are subject to further interpretation. Hence, a modeling language for EA methods
can improve the state-of-the-art in documenting the EA management function. Furthermore,
a respective modeling language facilitates comparing of methods, or in case of BEAMS MBBs
by a defined syntax, semantics, and notation. Aiming at establishing such a language, we dis-
cuss requirements for describing EA management methods based on the quality criteria of an
EA management function from Section 4.1.1. The application purpose-specific requirements
are complemented with more general requirements for a modeling language elicited by Frank
in [Fr09, pages 4–6]. Along these requirements, we derive relevant constituents of an MBB.
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Thereby, we restrict our discussions on problem-independent and organization-independent
constituents, by using the perspective on MBBs as contained in the method base. We de-
velop a conceptual model that supplies the syntax and specify our language in Section 5.1.1 .
The model is described using the Unified Modeling Language (UML) [Ob10e] and the Object
Constraint Language (OCL) [Ob10c]. Complementing the specified syntax and semantics, Sec-
tion 5.1.2 analyzes prevalent process modeling languages and presents a notation for modeling
MBBs based on the BPMN [Ob10b].

5.1.1. Constituents of an MBB

We subsequently supply a conceptual model defining the constituents of an MBB. Thereto,
we stepwise discuss the single quality criteria, derive requirements for our language, and
supply the corresponding concepts. In this vein, we iteratively develop a conceptual model
representing on the one hand the syntax of our modeling language and on the other hand the
starting point for the conceptual model of BEAMS. Reflecting the organization- and problem-
independent nature of the MBBs as contained in the method base, we postpone the discussion
of the quality criteria Q1 and Q2 to Section 5.2, where the MBBs are interlinked with the
organizational contexts and problems. The configurability of the MBBs to a specific problem
and the organizational context is nevertheless reflected by the variable concept to which we
frequently refer in our subsequent discussion. The organization-specific configuration, i.e.
determining the value of the variable, is discussed in Section 5.3. We subsequently start with
the quality criterion Q3 that centers around the method description itself.

According to quality criterion Q3 a method description for EA management function should
not only describe ‘what to do’ but additionally make specific descriptions on ‘how to do it’.
Accordingly, we define an MBB to be constituted of single tasks, i.e. steps to be performed.
A detailed method description links the different tasks and describes possible alternatives
in execution (cf. [KNS92, OA09, KNS92]). The tasks constituting an MBB are connected
via a combined control and information flow thereby providing detailed process execution
information. An MBB specifies the ordering of the tasks in terms of sequential flows as well
as decisions (splits) and mergers (unions). For every Split the MBB describes the guard
that has to hold. These discussions lead to our first requirement for a modeling language for
MBBs:

L1 The modeling language must support to model named tasks and the information and
control flows connecting the tasks. Thereby, the language must provide means to express
the direction of information exchange (source and target), decisions in the information
flow (split and union), and optional or alternative tasks, i.e. it must be possible to
model that different tasks are executed, if different circumstances apply. These decisions
must be complemented with rules (guards) for deciding which tasks should be executed.

Furthermore, each MBB denotes the source triggering the execution of the MBB and defines
a final target, i.e. sink that represents the end of the MBB execution. The trigger of an
MBB can be of two different types, namely

event triggers that fire on changes of EA-related concepts, e.g. creation, update, or deletion
and

temporal triggers that fire once every specified time-interval. Typical time-intervals in this
context are e.g. on a yearly or half-yearly basis.
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In general both types of trigger can be applied to an MBB during configuration. Thereby,
the MBB’s trigger variable is bound to an actual configured trigger. The method base
can supply restrictions of the admissible trigger types for certain MBBs. A trigger variable of
type event can further specify that certain elements are part of the trigger specification, i.e.
reference concepts as contained in the information model associated with the task.

L2 The modeling language must supply mechanisms to describe the triggers initiating the
execution of a task as well as the sinks that represent execution ends. The language
should further allow to specify different types of triggers, i.e. event triggers and
temporal triggers.

Figure 5.2 displays the concepts constituting an MBB and their relationships.
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Figure 5.2.: Constituents of an MBB—detailed method description

The pattern-based approach to EA management supplies further elements used to detail the
tasks to be performed in addressing a problem. For each task of the MBB, different forces
and consequences can be defined. Forces describe different alternatives for the detailed
implementation of a task and relate to the techniques as introduced by Gutzwiller (cf. Sec-
tion 4.2.1). These alternatives are not selected during configuration (in the development
method) but are chosen each time the associated task is conducted, i.e. ‘on runtime’. The
consequences list known side-effects of the execution of a task, i.e. delineate benefits and
potential liabilities. In Section 5.3.3 we revisit the concept of consequences and show how
they to support the selection of MBBs from the method base.

Single MBBs are connected via information flows, i.e. exchanged information on the EA.
Information flow modeling enables flexible combination of different MBBs. The execution of
an MBB or a particular tasks is dependent from the availability of certain information. In
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this vein, we do not need to provide an explicit concept for parallelism of EA-related activities
but rely on the concept of trigger, explained before.

L3 The modeling language should support to model consequences that may occur, if apply-
ing a task.

L4 The modeling language should supply mechanisms to optionally describe forces which
influence the execution of a task, i.e. to make explicit different techniques that can be
applied in the implementation of a task.

Figure 5.3 illustrates the concept of task, force, and consequence.

Task

Forces 1..*         

*

Consequence   1..*         

*

Figure 5.3.: Constituents of an MBB—task, forces, and consequences

In the EA management pattern catalog [Ch10], the tasks in a method are not explicitly linked
via control or information flows. We nevertheless provide a short example from the catalog to
illustrate how a textual method description with forces looks like.

Example 5.1: Forces influencing task execution. The process of
standard conformity management according to Ernst [Er08, pages 7–14]
consists of the activities setting standards, analyzing standards, enforcing
standards, and evaluating standards. For reasons of brevity, we restrict our
example to the activity of setting standards in the following.

To define a set of standards a multi expert evaluation method can be used.
Therein, a group of experts agrees on a stop criterion (task 1), e.g. five
standard programming languages, performs a group discussion (task 2)
and summarizes the results of the discussion (task 3). If the stop criterion
is reached, e.g. the experts have agreed on five programming languages,
the method ends, otherwise the tasks 2 and 3 are repeated in an iterative
manner.

Exemplary force of task 2, i.e. group discussion, is the election of a mod-
erator who ensures that all experts get the chance to present their opinion
and that all participants have a similar share of the conversation. While a
moderator for a group discussion has the advantage that all opinions are
considered, the participation of a moderator also requires an additional
person to be involved in the discussion. Further, moderators need dedi-
cated skills and must be accepted within the group.
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Quality criterion Q4 demands two different characteristics to be fulfilled by a method de-
scriptions, namely a definition of ‘when’ and ‘who’. As the triggers supply information on
when to execute a particular method, further concepts are required to specify the ‘who’. We
distinguish different levels of involvement in tasks: being informed that a task is executed
or a result has been achieved, being consulted during the conduction of a task, and being
responsible for the execution.

L5 The modeling language must support to model named participants, which are associated
to corresponding tasks. By this association, the languages express that a participant is
involved in the execution of the task. The language must further allow to specify the
type of involvement, i.e. if a participant is responsible, consulted, or informed.

The actual participants depend on the using organization. Therefore, we introduce the or-
ganization independent concept participant variable. This variable is bound during the
development method to an organization-specific role that can be a stakeholder of an associated
EA management-problem or an actor involved in the execution of a task. Figure 5.4 illustrates
the relationships between participants and tasks.
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ParticipantVariable

Figure 5.4.: Constituents of an MBB—participants and tasks

Each task is executed by a responsible participant represented by a participant variable

in the description of the method. Beside the mandatory relationship to the executing, i.e.
responsible participant variable, each task can relate to other participant variables as well,
namely variables representing participants that are consulted or informed. The distinc-
tion between the different levels of involvement pertaining to a single task is based on the
responsible, accountable, consulted, and informed (RACI) model of the Control Objectives for
Information and Related Technology (CobiT) [IT09]. Two adoptions to the RACI model apply:
1) we assume that every involved participant is informed about the relevant information. 2) we
assume that exactly one participant is responsible for executing a task rendering a distinction
between accountable and responsible superfluous. The three different levels of involvement in
an EA management task are subsequently exemplified using an EA management method of
an industry partner from the telecommunication industry.
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Example 5.2: Participant involvement. The EA management-related
problem of the industry partner is to enact principles and standards for
business applications. The enactment of standards is performed by re-
questing a ‘statement of defense’, if a standard is violated.

If project managers (responsible participant) want to realize a non-
standard compliant business application, they are requested to provide
a statement of defense. The statement has to achieve accreditation from
the EA review board (consulted participant) which consists of the enter-
prise architects and the heads of the business departments. Further, the
CIO receives a notification of the deviation (informed participant).

Each participant involved in an EA management task must be provided with information on
relevant parts of the EA. In line with quality criteria Q5 EA artifacts are used as means to
communicate relevant information to the participant. A viewpoint variable further details
the participant’s perspective on the EA taken in the corresponding task. Such a variable acts
as placeholder for an appropriate architectural viewpoint. In line with Wittenburg [Wi07] and
Matthes et al. [Ma08], we distinguish different types of viewpoints that can be supplied in an
architectural description: textual and graphical viewpoints. We showed in [Bu08b, Bu09b]
that these different participants of EA management preference different types . The method
base incorporates the best-practice knowledge by recommending and discouraging certain
viewpoints for a viewpoint variable associated with a dedicated task. Further, the viewpoint
variables are distinguished with respect to the intended usage of the viewpoint in represen-
tation and notation. A viewpoint of type representation is used to inform a stakeholder
about a relevant part of the EA, i.e. to grant reading access. Conversely, a viewpoint of type
notation is used when an actor has to supply architectural information, i.e. to grant read
and write access.

Example 5.3: Types of viewpoints. Questionnaires used during EA-
related information gathering are obvious examples of viewpoints of the
type notation. In contrast organigrams represent viewpoints of the type
representation as they are typically used in a read-only fashion.

The actual configuration of the viewpoint is a language-related aspect of the EA management
function and thus not discussed in the scope of this thesis. We use a building block-based
transformation language to perform these configurations as discussed in [Bu10a, pages 29–
31].
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L6 The modeling language must support to model named viewpoints, which are used by a
participant that is involved in the execution of a task. The modeling language must
support to specify the type of viewpoint, i.e. representation function or notation
function. Furthermore, for each viewpoint the modeling language must support the
specification of recommended or discouraged viewpoint types.

Figure 5.5 displays how viewpoint variables objectify the informs-relationship between
participant variable and task.
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Figure 5.5.: Constituents of an MBB—participants and viewpoints

A participant that is only informed during the execution of a task cannot perform updates to
the provided information and is hence limited to a viewpoint of the type representation.
Expressed in OCL this constraint reads as:

context ViewpointVariable

inv: self.oclIsTypeOf(informed on) implies self.type = representation

The above list of application purpose-specific requirements can be extended with three general
requirements for a modeling language as elicited by Frank in [Fr09, pages 4–6].

L7 The concepts as introduced in the modeling language should correspond to concepts, which
modeling experts from the modeling domain are familiar with. Similarly, the graphical
notation of the language should correspond to prevalent graphical notations in this
modeling domain (cf. requirements U1 and U3 of Frank [Fr09]).

L8 The modeling language should facilitate the development of tools for the creation of and for
providing execution guidance for the described methods (cf. requirement A4 of [Fr09]).

L9 The modeling language must offer all concepts needed to describe methods in the context
of EA management, but must support restriction to exactly these concepts to prevent the
introduction of “accidental complexity” (cf. requirements A1 and A2 of Frank [Fr09]).

Within the list of requirements, the key words “must”, “should”, and “optional” are to be
interpreted as described in RFC 2119 (cf. Bracher [Br97]). This interpretation yields a
distinction between ‘mandatory’ and ‘optional’ requirements, which can be exemplified with
requirements L3, L4, L7, and L8. These have strictly optional character, while the other
requirements have both optional and mandatory constituents.
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Figure 5.6 provides the synthesized conceptual model describing the problem-independent
MBBs as contained in the method base.
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Figure 5.6.: Conceptual model of an MBB

5.1.2. A notation for method building blocks

The requirements elicited above give rise to the assumption that process modeling languages
is appropriate for modeling EA management methods. In doing so, we can identify the tasks
of a method with the processes or process steps as contained in a process modeling lan-
guage. This nevertheless points to a subtle complexity as process modeling languages are
designed to describe the sequence of process steps on a rather specific level, i.e. typically
describe control flows, while method descriptions in the context of EA management are re-
stricted to information flows at least if a comprehensive EA management function is con-
sidered. Revisiting existing process modeling languages as the extended event driven process
chains (eEPC) [KNS92], business process model and notation (BPMN) [Ob10b], business pro-
cess execution language (BPEL) [OA09], integrated definition for process description capture
method (IDEF3) [Ma95], petri nets [Ba96], yet another workflow language (YAWL) [Ho10],
and the general purpose modeling language unified modeling language (UML) [Ob10d, Ob10e]
based on the above requirements, it becomes apparent that none of the existing languages
fulfills our requirements out-of-the-box. Nevertheless, some of the languages well address
some of the requirements while in contrast providing more sophisticated concepts that are
not necessary for the context of modeling EA management methods (cf. BPEL, BPMN, and
eEPC). Table 5.1 provides an overview on the analysis results of the aforementioned languages.
The detailed description of the analysis can be found in [BMS10h, pages 4–6]. The symbols
used in the table range from ( ) indicating complete fulfillment over (G#) indicating medium
fulfillment to (#) indicating total lack of support.
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UML1 BPEL BPMN eEPC IDEF3 Petri nets YAWL

L1 G# G# G# G# G# G# G#
L2 G# G#2   2 # # G#
L33 G# G# G# G# G# # #
L4 G# G# G# G# G# # #
L5 #    # # #
L6 # # # G# G# # #
L7 G# G# G#  # G# #
L8    G# # G# G#
L9 G#  G#  # # G#
1 The analyzed diagram type is the activity diagram.
2 BPEL and eEPCs do not provide a dedicated trigger or source concept but use the concept of
events that represent initiations, results, and connections between activities.

3 Concern and execution context can mostly be supplied only by textual annotations.

Table 5.1.: Fulfillment of requirements of the selected process modeling languages

In line with requirement L7 which votes for re-using a notation a domain expert is familiar
with, we propose a notation that is grounded in the notation of the BPMN in the following.
While all three languages BPEL, BPMN, and eEPC achieved similar results in our above
analysis, we decided to use a BPMN similar notation for two reasons. First BPMN is commonly
used and further developed by the Object Management Group (OMG). Second, a configurable
open source and web-based tool support for BPMN exists that can be re-used in the context
of this thesis to enable tool-supported creation and manipulation of MBBs (see the BEAMS
configurator presented in Chapter 6).

With the syntax and semantics of our modeling language for MBBs defined in Section 5.1.1,
we subsequently propose a graphical notation for the concepts. We do not provide a graphical
representation for all concepts specified by the syntax of our modeling language. The conse-
quence of a task execution, for example, is typically documented using a textual description
and therefore not represented in the notation. Due to clarity, we omit concepts that do not
interlink different elements but can be interpreted as ‘attributes’ of one concept from receiving
an own symbol. These concepts should nevertheless be made available for a user during the
development method as they provide decision support for the selection and configuration of
MBBs (an respective prototypic tool is discussed in Chapter 6). For each concept for which a
symbol in the notation exists a short explanation is given in the following. If a corresponding
concept is available in the BPMN 2.0 specification a mapping is given in brackets. Table 5.2
provides a summary of the graphical elements provided by the notation.

∙ Task (activity): An EA management method consists of different steps, so called tasks.

∙ Participant: Tasks are executed by acting systems or persons, of which the later, in
a well defined method, act in a distinct role, e.g. CIO, project manager, etc. The
pool element of the BPMN can be used to represent participants. Different types of
involvement for participants exist. A participant can be

– responsible for executing a task,

– be consulted in executing the task, or

– be informed on the execution of the task.
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∙ Viewpoint: A viewpoint represents an EA-related artifact, i.e. an architectural descrip-
tion, that represents certain information, e.g. a visualization, questionnaire, or report.
The viewpoints are presented to the task’s associated participants in an appropriate
fashion and are used by them during the execution of the task. Viewpoints are thereby
either of type

– representation function, i.e. to visualize information that is accessed read-only
or

– notation function, i.e. to visualize, gather, or update information.

∙ Control flow (sequence flow): The different tasks constituting a method are connected
via control and information flows. An information flow specifies that information objects
are handed over from a source to a target. Two specializations of the information flow
concept exist.

– Split (gateway): The information flow is not necessarily linear, but may contain
points, where decisions take place. The subsequent tasks, which receive informa-
tion, are decided based on guards associated with the different options.

– Union (gateway): Information flows originating from different tasks are integrating
via a merge.

∙ Trigger (start event): A trigger initiates the execution of a sequence of tasks. A trigger
can be of two different types.

– Event trigger: Changes in the EA description, e.g. new documented concepts or
updated architectural descriptions, can trigger the execution of a task sequence.

– Temporal trigger: Some tasks are not triggered by changes in the architectural
description but are initiated at certain points in time, corresponding to specific
time intervals.

∙ Sink (end event): A sequence of tasks terminates with at a sink. After the sink has
been reached, the post-conditions of the task are fulfilled.

Concept Notation Concept Notation

Task Control flow

Participant split

responsible for union

consulted in

< C >

< I >

about:blank

1 von 1
06.02.2011 17:21

Trigger

informed on

< C >

< I >

about:blank

1 von 1
06.02.2011 17:21

event
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Viewpoint temporal

representation function

<R>

Sink

notation function

<N>

Table 5.2.: Graphic elements for describing EA management methods

Together, syntax, semantics, and notation form a modeling language for EA management
methods that relates to the language counterpart by referencing the concept of information
model, delineating the constituents of the EA, and viewpoints, defining the visualizations used.
Complementing the theoretic discussion on our modeling language for MBBs, we present an
exemplary method description below that is modeled using the above defined notation in
Figure 5.7.

Example 5.4: An exemplary EA management method. The method
starts by gathering information about the current state of the application
landscape. In our example this information is gathered via revisiting ex-
isting documentation and filling a questionnaire. Thereby, the enterprise
architect has to decide, which information should be gathered, e.g. in-
formation about applications and the used technology. To validate the
gathered information, the filled questionnaire needs to be reviewed by the
application owners. Based on the description of the current state, the tech-
nology homogeneity is analyzed. Thereby the enterprise architect is the
responsible participant and uses a defined viewpoint Standard Conformity
(V-5)1. The analysis results are used in the following phase by the stan-
dard managers to create, update, or delete standards. Thereby bar charts
like e.g. Effects of Project Proposals on Technology (V-38) are used and
the EA board is informed on changed standards. The subsequent process
step, applying standards, is concerned with defining which business ap-
plication should conform to one of the standards defined before, therefore
the enterprise architect uses the viewpoint Clustering by Standards (V-6),
which details on the environment of the used technology. The enforcement
of standards, is either performed via vertical or horizontal escalation (see

1The viewpoints are taken from the EA management pattern catalog [Ch10].
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Figure 5.7.: A method description of the EA management function

our discussion in [Bu09b]). A typical decision criterion for horizontal vs.
vertical escalation is the estimated budget of the project. In our exam-
ple the vertical integration is chosen, if the project budget is more than
e 100000, then the decision about the future of the application is handed
over to a EA board, which uses a report-based viewpoints, Technology by
Architectural Standard (V-23) and Standard Conformity Exception (V-67).
In the case where horizontal escalation is used, the enterprise architect is
allowed to impose obligations e.g. taxing the project (see [Bu09b]). These
obligations are documented using reports like word documents.
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5.2. Characterize situation

In the preceding section, we discussed the constituents of an MBB from the method base
perspective, i.e. as problem- and organizational-independent method descriptions. Comple-
menting the examination of the quality criteria, we present a perspective on MBBs in this
section, which details the ‘environmental’ concepts of an MBB. While some of these concepts
are structurally interlinked with the MBBs in the method base, others are used to estab-
lish implicit relationships to organize the MBBs in the method base. In Section 5.2.1 we
augment the conceptual model of an MBB with the environmental concepts. The resulting
conceptual model supports the BEAMS development method. In addition, a technique
supporting the characterization of the situation is supplied in Section 5.3.2. The first part
of applying the method base during the phase characterize situation of the development
method is outlined in Section 5.2.3.

5.2.1. Constituents of the method base

We define a first set of concepts of BEAMS that represent the embedding environment of the
MBBs. According to quality criteria Q1 and Q2 this environment consists of the organiza-
tional context and a specific EA management-related problem. This environment also reflects
the idea of a design theory nexus instantiation as introduced in Section 2.2.3. The MBB and
its environmental concepts are shown in Figure 5.8. The figure employs a color-coding to clas-
sify the illustrated concepts as belonging to the method-related part of an EA management
function (highlighted in blue) or belonging to the organization-specific parts.

MBB
activity: Activity

OrganizationalContextProblem
Goal

Concern

1

1

  *  *

addressed by
  *  *

is applicable in

  *  *
is not applicable in

«enum»
Activity

developDescribe,
communicateEnact,
analyzeEvaluate

configuration  method base

Figure 5.8.: BEAMS: interrelating context, problem, and MBB

An MBB can be categorized along the activity that it contributes to. Therefore, an MBB
belongs either to the develop & describe, communicate & enact, or analyze & evaluate activ-
ity. The problem-independent MBBs from the method base have to be configured during the
development method. As part of the configuration each selected MBB is linked to the spe-
cific problem. An EA management-related problem consists of an abstract goal to pursue
and the concern to which the goal applies. The distinction between the ‘where’, i.e. the
concern, and the ‘what’, i.e. the goal, enables flexible configuration of the MBBs. Following
example demonstrates the resulting flexibility along three problems2 as contained in the EA
management pattern catalog [Bu08b, pages 32–38].
2The problems listed in the EA management pattern catalog have been called concerns in the first version.
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Example 5.5: Problems from the EA management pattern catalog.

C4: Which technologies, e.g. programming languages, middleware, oper-
ating systems, database management systems, used in the application
landscape should be replaced, which ones should be kept?

C5: Which activities or projects have to be started, to increase confor-
mance to standards? What has to be done to modify the current
business applications to increase their conformance to standards and
reduce heterogeneity?

C101: Which activities or projects have to be started to improve confor-
mance to architecture standards? Which modifications to the cur-
rently used business applications are necessary to achieve conformity?

The EA management pattern catalog groups its problems in different cat-
egories. Above problems belong to the category “technology homogene-
ity” [Ma08, page 31]. A more general category ‘increase homogeneity’
would be possible, but operates on different concerns, e.g. programming
languages, projects, or architectural standards.

Each of the three problems (C4, C5, and C101) from the EA management pattern catalog
relates to a particular method (M-Pattern). These M-Patterns differ with respect to the
performed analyses of the EA as well as with respect to the underlying information models.
They nevertheless are identical in the steps that are taken to gather the relevant architectural
information. This leads to redundant descriptions in the pattern catalog (cf. our discussion
in Section 4.2.4). We seek to avoid such redundancies and increase flexibility in method
configuration by detaching methods and problems as far as possible. Furthering this idea,
we decompose any EA management-related problem into a goal and a concern. Thereto,
we understand a goal in line with Basili et al. in [BCR94] and the Business Motivation
Model (BMM) of the OMG [Ob10a, page 23] as follows.

Definition: Goal

A goal represents an abstract objective of the EA management function that de-
scribes a state or condition of the enterprise to be brought about or sustained through
appropriate means. A goal is thereby defined for one or more objects of the EA.

An EA management-related goal has to be substantiated during the development of an ap-
propriate management function to identify the corresponding concepts of the EA. Thereto,
the information model of the corresponding concern is extended with modeling elements that
reflect the goal and enable measurement of goal attainment.

To not be mixed up with the term “concern” from the ISO Std. 42010 (see Section 3.1.1), as used in this
thesis, the concerns should aptly be named problems.
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Example 5.6: Operationalizing goals. The goal increase homogeneity
applied on the concern business application uses technology can be oper-
ationalized by augmenting the EA concept technology by a boolean
attribute isStandard.

Any problem in an EA management function is reflected by an information model composed
by the models of the corresponding goal and concern. We subsequently provide a definition
of the term problem, based on the notions of goal, as introduced above, and concern, as
introduced in Section 3.1.1.

Definition: Problem

A problem specifies the objective of the EA management function by defining what
to achieve, i.e. the goal, and where the goal should be applied, i.e. the concern.

Each MBB describes the organizational contexts in which it has proven to be applicable
or the organizational contexts in which it has proven not to be applicable. The different
organizational contexts are explicitly linked to the associated MBBs for which they impact
applicability. These relationships represents practice knowledge that cannot be generalized.
We use an M-Pattern from the EA management pattern catalog [Bu08b, pages 44–47] to
illustrate this kind of relationship.

Example 5.7: Organizational context. In the method descriptions
of M4: management of blueprint conformity of the application landscape
the enactment of standards is performed by informing the developers of
new application systems on the organization-specific standards early in the
specification process. An evaluation of conformance to these standards is
performed after project completion. The evaluation does not result in
consequences. Instead the enterprise architects use the findings to assess,
if the right standards have been chosen with respect to investigating, if the
developers adhere to these standards.

While the approach proposed in M4 represents the non-interfering way to
enact standards, it can only be beneficially applied, if the culture of the or-
ganization is an open one, i.e. one where the developers voluntarily adhere
to proposed standards, are open for changes, and willing to follow optional
guidelines. The method is hence also applicable in ‘bottom-up’ endeavors,
i.e. ones where no official commitment or support for EA management
exist. In those contexts other ways of enacting, which would require upper
management support, are not feasible.
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Based on the understanding of the term situation from situational method engineering and
the context description as defined in the pattern language for EA management, we define an
organizational context as follows.

Definition: Organizational context

The organizational context is the combination of circumstances in which the EA
management function is intended to operate in a given organization. It describes the
circumstances that constraint the applicability of different MBBs.

During configuration MBBs are bound to problems of the organization. Thereby, the users
specify how the problem-related information is gathered, documented, updated, or deleted
during the execution of the tasks. An MBB is parameterized in the development method
with an information model that represents the selected problem. The MBBs as contained in
the method base link to an information model variable that is assigned with a specific
information model during configuration in the development method.

An MBB is organized from tasks of which each acts on an information model variable.
In the method base, this variable is used as placeholder for an actual information model,
which is supplied during configuration (cf. Section 5.3). For any information model variable
a lower bound can be specified (requires). This bound designates an information model
constituted of the concepts that must be supplied with the information model assigned during
configuration.

Example 5.8: Specifying a lower bound for an information model.

A typical circumstance in which a lower bound for the information model
must be specified, is a task concerned with the assessment of projects.
While no assumptions have to be made with respect to the exact infor-
mation model during the assessment, it is nevertheless necessary that the
information model at least covers projects.

The concepts specified as ‘lower bound’ of tasks are limited to the concepts representing cross-
cutting aspects of an EA as introduced in Section 3.1.2. These concepts supply core concepts
for managing the evolution of the EA and are thus part of each EA management initiative.
Although different organizations can use different terms for these concepts. Figure 5.9 displays
the relationships between task and information model. We use the color-coding introduced in
Section 4.3 to indicate MBB-related concepts (blue) and language-related concepts (green).

Another critical aspect of developing EA management functions using the method base is
linked to the integration of different MBBs. Quality criteria Q6 demands that an EA man-
agement function is implementable. Using building blocks to design an EA management
function can lead to an inappropriate method description a) due to the selection of tasks that
are not applicable in the given organizational context or b) due to unsatisfied information
demands of participants, e.g. the use of information that has not been documented before.
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requires            
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Figure 5.9.: Constituents of an MBB—tasks and information model

The former issue relates to an appropriate selection of MBBs and is discussed in more detail
in Section 5.3. Later issue relates to information inconsistencies and is further investigated in
the following.

Information to be processed by a task is gathered via notation viewpoints such that an arbi-
trary configuration of an MBB can fail to be implementable. If for instance a task is used that
defines architecture standards based on the currently used technologies and no information on
currently used technology is available, the resulting method description can be ‘inconsistent’.
We revisit the concept of information model introduced above to avoid the design of such
inconsistent EA management functions. Two particular sources of information inconsistencies
exist, namely

∙ tasks that inform a user about a part of the information model, which has not previously
been documented in another task.

∙ triggers that raise inconsistencies. Thereby different types of inconsistencies raise de-
pending on the type of trigger. In the case of the

– temporal triggers: inconsistencies arise, if information is e.g. used every half a year
but maintained on a yearly basis,

– event trigger: inconsistencies arise, if a task should be triggered by changes to
information that is never maintained in another task.

Inconsistencies related to the information model arise from the fact that MBBs change certain
characteristics of the EA information base or parts thereof. These characteristics are repre-
sented by meta-attributes and can be changed by tasks. The performed change is described
in the pre-conditions and post-conditions of a task. Following example 5.9 illustrates this
conception.

Example 5.9: The concept of meta-attributes. An MBB concerned
with gathering EA-related information via interviews is completed when
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the respective information has been gathered, i.e. changes the meta-
attribute ‘documented’ of the associated information model to ‘true’.

Figure 5.10 provides the excerpt from our conceptual model detailing the relationship con-

cerns between task and information model variable with the concepts of pre-

condition and post-condition that build on the concept of meta-attribute.

Task

InformationModel
Variable

      1..*

  1

concerns

Pre-condition
value

Post-condition
value

1

   *

1

   *

MetaAttribute

*   1

supplies value for

*

  1
requires value of

Figure 5.10.: Constituents of an MBB—pre-conditions and post-conditions

Each task operates on an information model variable and details the operation in
terms of pre-conditions and post-conditions. These pre-conditions and post-conditions
supply or require certain values for the meta-attribute to hold. An exemplary pre-condition
supplied as part of an information model variable would state that the task can only be
executed, if information conforming to the given information model is documented. The
same variable might state as post-condition that the documented information is cleared for
communication. Any MBB specifies a dedicated set of pre-conditions and post-conditions.
The conditions employ a dedicated terminology as specified by the meta attributes. If
more than one condition applies for an MBB, the single conditions are combined via an AND,
i.e. a logical conjunction (cf. Carnap [Ca58, page 7]). The concept of pre- and post-conditions
can be exemplified along the pattern for standard conformity management as presented by
Ernst in [Er08, pages 7–14].

Example 5.10: Pre-conditions and post-conditions. To reduce het-
erogeneity and in particular the number of used programming languages,
an enterprise wants to analyze the current conformity of business applica-
tions with standards. The analysis should be performed using a pattern-
based evaluation method. A pre-condition for performing the analysis is
that information about the currently used programming languages is docu-
mented (programmingLanguage.documented). After the analysis is
performed the post-condition of the task defines that the boolean attribute
isStandardConform of a business application is maintained.
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The EA management function cannot operate isolated from other enterprise-level management
functions (ELMF) that affect the evolution of the organization. Instead the EA management
function influences the decision making process in these ELMFs, e.g by defining guidelines
for the future evolution or by providing a holistic view on the EA. Thereto, EA management
establishes quality gates in the ELMFs, embeds consulting tasks, or communicates EA-related
information to ELMF stakeholders (cf. quality criterion Q7). Special MBBs take this role and
may hence be not ‘part’ of the EA management function but have to be integrated into the
processes of related ELMFs. This special type of MBBs is called mixinMBB. Exemplifying
the concept of the mixinMBB a best practice for project portfolio management is sketched
subsequently.

Example 5.11: The concept of mixinMBB. Project proposals in large
enterprises typically have to undergo an approval process prior to receive
a budget. This process is typically called project portfolio management,
which aims at determining the optimal mix and sequencing of projects to
best fit the organization’s overall objectives.

If a problem addressed by the EA management function is concerned with
increasing homogeneity, the project proposals should be assessed during
the project portfolio management from an EA perspective. Thereto, the
proposals are assessed for compliance with architectural principles and
standards or with respect to the envisioned target state of the EA. The
project portfolio management process is thus enhanced with a project step
in which an enterprise architect, who is familiar with the architecture
principles, standards, or the target state of the EA assesses the proposed
projects and provides a recommendation.

A mixinMBB must be embedded in another method description, i.e. an ELMF or another
MBB. In Example 5.11 the assessment of proposed projects is only usable, if the results of
the assessments are available to the responsible persons deciding on the project portfolio.
A mixinMBB is never triggered separate from its embedding process. Therefore, each mix-
inMBB supplies an event trigger that is configured during the development method to fire
with the post-condition of the preceding process step. Figure 5.11 introduces the concept of
mixinMBB to our conceptual model and relates it to the related method via the concept of
MixinTargetVariable.

Following OCL constraint ensures that mixinMBBs are associated to correctly typed trigger
variables:

context TriggerVariable

inv: if mbb.oclIsTypeOf(MixinMBB) -> self.type = event
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Figure 5.11.: Integrating MBBs with other enterprise-level management functions

Figure 5.12 shows the integrated conceptual model of BEAMS. The concepts representing me-
thodical elements are highlighted in blue, concepts from EA modeling languages are shown in
green, and concepts representing organization-specific customization during the development
method are shown in white.

5.2.2. Rules and technique to characterize a situation

Environmental factors for an EA management function have to be determined during the
characterize situation phase of the development method. Therefore, an enterprise architect
has to specify related ELMFs that contribute to the EA management function, e.g. by repre-
senting information sources. The information demands of the EA management function are
reflected in the information model. The concept of meta-attribute can be used to specify
characteristics of this information model. In this vein, existing information that is re-used by
the EA management function is classified as “documented”. Documented thereby defines that
a dedicated process exists that ensures that the information is maintained. The referenced
process is thereby either an already existing part of the EA management function or a related
ELMF.

We provide a simple technique to support the definition of existing information sources. The
characterization technique consists of two steps that are iteratively applied, namely

1. select concept from the information model,

2. select meta-attribute that applies for this concept,

3. define the ELMF that is responsible for maintaining the concept, and

4. update the organization-specific configuration accordingly.

Example 5.12 illustrates the application of the characterization technique along a fictitious
organization called BS&M.

Example 5.12: Applying the characterization technique. At BS&M
an EA management initiative is started. To ensure that information is not
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redundantly maintained, the enterprise architects arrange a kick-off meet-
ing to which employees from the different departments are invited. During
the kick-off meeting, the enterprise architects present the information de-
mands for their EA management endeavor and ask for already existing
information sources.

By iteratively applying the steps of the characterization technique the en-
terprise architects identify that information on business applications

and the using organizational units is already available in a configura-
tion management data base (CMDB) which is maintained by an IT infras-
tructure library (ITIL) initiative. The organization-specific configuration
is updated accordingly:

∙ businessApplication.documented

∙ organizationalUnit.documented

∙ organizationalUnitUsingBusinessApplication.documented

5.2.3. Development method

Subsequently, we detail the phase characterize situation that represents the first part of our
development method. We designate the involved participants and delineate the single steps to
be performed. While we assume the enterprise architect to be the typical user of the method
(see our discussion in Section 4) other stakeholders of the EA management initiative need to
be consulted during this phase to identify the problems to be addressed. The phase charac-
terize situation consists of three sub-activities, namely determine organizational context,
identify and operationalize EA-related problem, and specify existing information

sources. The output of the characterize situation phase that is stored in the organization-
specific configuration is a set of defined organizational contexts, an actual problem to be
pursued, and information on already existing EA-related content. Figure 5.13 shows a detailed
activity diagram describing the single steps to be performed to achieve the aforementioned
outcomes.

To develop an organization-specific EA management function, the enterprise architects have to
characterize the situation in which the management function should be embedded in the step
determine organizational context. Different factors and criteria influencing the applicabil-
ity of an EA management function exist. To support the enterprise architects in characterizing
the situation, a catalog of organizational context descriptions that impact the applicabil-
ity of the MBBs in the method base is provided. The enterprise architects browse the catalog
and select the organizational contexts that reflect the current situation in the organization.
Output of the step is an organization-specific configuration containing a set of selected or-
ganizational contexts that describe the environment in which the EA management function
should be embedded.
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Figure 5.13.: Development method: characterize situation

Example 5.13: Development method—select context. In our fic-
titious example, we accompany the enterprise architects from a fictitious
organization, namely the financial service provider BS&M through their
first experiences with EA management. The situation at BS&M can be
characterized as follows: Over the last years BS&M has been constantly
growing resulting in a heterogeneous application landscape due to a rising
number of business request to IT.

To cope with the historically grown and proliferating application land-
scape, an ITIL project was launched a year ago. Furthermore, the feder-
ated IT departments were centralized and a process for deciding on the
project portfolio based on defined criteria as estimated project costs was
set up to increase standardization of the provided IT solutions.

Browsing the catalog of organizational contexts the enterprise architects
select the following characteristics that are subsequently stored in the con-
figuration, namely

∙ the initiative can be characterized as “bottom-up initiative” as no of-
ficial mandate from upper management exists,
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∙ the organizational structure supplies a “centralized IT department”,
and

∙ “office tools” should be used in the initiative as no dedicated tool sup-
port for EA management yet exists and no official budget is available
for the initiative.

Besides the environment in which the EA management function should be embedded the
enterprise architects have to identify the EA-related problems to be addressed. Therefore,
stakeholders of the EA management initiative are identified and consulted. Typically the
identified problems are described by the stakeholders on a rather abstract level. BEAMS
provides a collection of typical EA management-related problems. This collection is organized
in two catalogs, namely the catalog of goals defining ‘what’ should be achieved, and the catalog
of concerns specifying ‘where’ the goals can be applied. Based on the combination of a selected
goal and a concern, a problem is defined and an information model is determined3.

Example 5.14: Development method—identify problem. At BS&M
the enterprise architects identify the project portfolio managers as poten-
tial stakeholder of the EA management initiative. During interviews these
stakeholders expressed problems with determining the impact of planned
projects onto the application landscape. In particular, the impact on the
business support provided by the applications is of major interest as well
as interdependencies between different projects.

Browsing the catalog of goals, the enterprise architects accordingly se-
lect the goal “increasing transparency”. Furthermore, the catalog of con-
cerns is browsed to identify relevant elements of the EA on which the goal
should be applied. The concern “business application supports business
process at organizational unit” is selected, thereby introducing the corre-
sponding concepts and relationships to the information model. Further the
cross-cutting aspects “project changes architecture elements” and “project
proposals affect architecture elements” are selected and applied onto the
concept business application. Reflecting the problem statement of the
stakeholders, the enterprise architects specify an information model based
on the integration of the corresponding IBBs4 as provided by BEAMS.
The information model is stored in the organization-specific configuration.

3Due to the focus of this thesis on the method part of an EA management function, we abstain from further
discussions on the identification and integration of information models representing goals and concerns.
Further information on the language counterpart can be found in our publications concerning EA modeling
languages [BMS10b, BMS10i].

4The concept of IBBs is introduced in Section 4.3.
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An exemplary information model for the above described problem

To operationalize the goal, the enterprise architects decide to use the qual-
itative measure “stakeholder satisfaction”, which is proposed as an opera-
tionalization for the goal “increasing transparency” by the BEAMS catalog
of goals.

Complementing the characterization of the situation, already existing information sources that
contribute to the EA management function by providing required input, need to be specified
by the enterprise architects in the step specify existing information sources. In this phase
the characterization technique is applied.

Example 5.15: Development method—specify information

sources. Revisiting the concepts from the information model, the enter-
prise architects of BS&M identify the ITIL CMDB (see example 5.12) and
the project charter from the project portfolio management as information
sources for their EA management initiative. Applying the techniques
results in an update of the organization-specific configuration: the meta-
attribute “documented” holds for the business applications, organizational
units, and project proposals. Nevertheless, not all information demands
described by the above information model are yet covered.
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5.3. Configure MBBs

The second phase of the development method configure MBBs takes the organization-
specific configuration as input and iteratively selects and configures MBBs to address the
defined problem. Thereto, the MBBs as contained in the method base have to be configured
to the organization-specific needs. Preparing the customization of the MBBs, we detail the
variable concept in Section 5.3.1. We define different types of variables and outline how they
are bound during the configure EA management function phase to ensure consistency of the
configured method description. We supply consistency rules and techniques in Section 5.3.2.
Finally, we supply the steps to be performed in the configure EA management function

phase of the development method that build on the introduced variable concept and use the
defined techniques.

5.3.1. The variable concept

Four different types of variables are introduced in BEAMS: trigger variables, participant
variable, viewpoint variables, and information model variables. An MBB in BEAMS
represents an underspecified re-usable building block that must be complemented via config-
uration during the development method. We discuss how the variables are bound in applying
the development method.

5.3.1.1. Information model variable

The information model variable is a placeholder for the information model defining the syntax
of an organization-specific EA modeling language. An information model can thereby refer to
a goal, a concern, or an arbitrary combination thereof. In line with our discussions in [Bu07e],
we define an information model as follows.

Definition: Information model

An information model specifies the syntax of an EA modeling language, i.e. it defines
which concepts and relationships between concepts should be considered in describing
the EA.

We use an I-pattern from the EA management pattern catalog to provide an example of an
information model representing a concern.

Example 5.16: Information model.

OrganizationalUnit
name : String

BusinessApplication
id : String
name : String * 1

hosts

I-pattern I-24 from [Bu08b, page 196]

186



5. BEAMS: Building Blocks for EA Management Solutions

The organizational unit represents a subdivision of the organization
according to its internal structure. A business application is a software
system providing support for a business process. Represented by the rela-
tionship hosts a business application is hosted by a specific organizational
unit that is responsible for its operation and maintenance.

An IBB as provided by BEAMS represents a best practice information model described using
a defined notation. Different IBBs can be integrated with each other into a comprehensive
information model. The IBBs, can relate to each other in different ways. Two IBBs can be
linked via the relationships overlaps, conflicts, or subsumes. Overlapping denotes two IBBs
that share at least one concept. Two IBBs conflict with each other, if they overlap and contain
different understandings. One IBB (𝑖1) subsumes another one (𝑖2), if the subsumed IBB (𝑖2)
is completely overlapped by the subsuming one (𝑖1).

Example 5.17: Subsumes relationship between information mod-

els. The following IBB2 represents similar information as the I-pattern
from Example 5.16 (IBB1). IBB1 represents a ‘hosting’ relationship, while
IBB2 represents a ‘using’ relationship.

BusinessApplication
id : String
name : String * 1..*

uses
OrganizationalUnit

name : String

IBB2

IBB1 and IBB2 overlap as they share the concepts of business appli-
cation and organizational unit. Under the assumption that the two
IBBs are not conflicting, i.e. share a common semantics of the overlapping
concepts, an information model (IM), can be created that subsumes IBB1
and IBB2.

IBB2:IBBIBB1:IBB

I3:IM

«subsumes»           «subsumes»

«overlaps»

The exemplary information models and their relationships

It must be noted that the subsumes relationship reads ‘inverse’ to classical inheritance-
relationships of object-oriented modeling. Put it more simply, the specialized IBB subsumes
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the more general. The subsumes relationship between information models is grounded in the
embedding relationship, we established in [BKS10, page 86].

The information model variable in an MBB is bound during configuration to the actual in-
formation model on which the corresponding participants operate in the associated tasks.
The information model thereby results from the integration of one or more IBBs (cf. Ex-
ample 5.14). The excerpt from our conceptual model shown in Figure 5.14 delineates the
relationships between tasks, information model variable, and information model as
well as additionally introduces the subsumes relationships.

Task

InformationModel
Variable

      1..*

  1

InformationModel

    1

    *
      value

       0..1

    *
requires                

concerns

  *

  *

subsumes

  *

  *

weakly subsumes

Figure 5.14.: Information model variable

5.3.1.2. Viewpoint variable

Each participant is supplied with a viewpoint for performing operations during task execution,
i.e. to read or update EA information. The actual viewpoint to be used is specified during
the development method and replaces the viewpoint variable. Depending on the quality of
the operation two types of viewpoints are distinguished as introduced before:

∙ representation function that is limited to read-only access, i.e. the participants
associated with a viewpoint of that type serve as information consumers or

∙ notation function that allows read and write access (creating, updating, deleting,
and reading), i.e. the participants associated with a viewpoint of that type serve as
information suppliers.

The viewpoint thereby supplies a graphical notation for the information model specifying the
syntax and semantics. The notation function establishes a bijective mapping, i.e. a one-to-
one relationship, between the elements defined by the information model and the graphical
concepts specified by the visualization model [Bu07c, pages 5–6]. The representation function
supplies a surjective function mapping information to graphical concepts. Thereby, aggrega-
tion as for instance calculating sums, or traversing relationships can be performed.
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Example 5.18: Representation vs. notation function. An infor-
mation model consisting of the concepts Organizational Unit, Busi-
ness Application, and Component represents the basis for two differ-
ent viewpoints.

One viewpoint (left side) groups the used components by the using organi-
zational units thus traversing the associated business applications. While
this viewpoint cannot be updated due to the missing information regarding
business applications its use is limited to a representation function. The
second viewpoint (right side) illustrates the business applications and the
using organizational unit. Thus, it establishes a one-to-one relationship
between the elements of the information model and the elements of the
visualization model, which enables the use as notation function.

Organizational UnitOrganizational Unit

Business ApplicationComponent

<<maps to>><<maps to>><<maps to>> <<maps to>>

Based on the distinction between representation and notation function, we distinguish the
following types of subsuming relationships between two information models:

∙ Subsuming in the context of a representation function: In a representation function, the
concepts are accessed read-only. We define this type of subsuming as read subsuming.
For two IBBs 𝑖1 and 𝑖2, we denote the fact that 𝑖1 is read subsumed by 𝑖2 as 𝑖1 <: 𝑖2.

∙ Subsuming in the context of a notation function: In a notation function, the concepts are
accessed via read and write. We define this type of subsuming as update subsuming.
For two IBBs 𝑖1 and 𝑖2, we denote the fact that 𝑖1 is update subsumed by 𝑖2 as 𝑖1 <: 𝑖2.
Thereby, update subsuming entails read subsuming.

In the following, we describe how the subsumes relationships apply to the different information
models provided and consumed by the tasks in a sequence. In Figure 5.15 the operations (read
or read & write) that are allowed during a task are defined by the type of viewpoint used by
the associated participants.

The first task takes IM0 as input. During task execution a participant uses a representation
function to access information. As the representation function does not supply information,
the output of the task IM1 is identical to IM0.

𝐼𝑀1 = 𝐼𝑀0
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Figure 5.15.: Input and output information models of tasks

During task 2 a notation function is used to provide information such that the information
models used as input and output of the further task sequence can be related as follows:

𝐼𝑀2 <: 𝐼𝑀1

𝐼𝑀3 <: 𝐼𝑀2

In line with the above discussion, our conceptual model of BEAMS can be extended with a
relationship connecting the information model with the viewpoint.

5.3.1.3. Participant variable

The participant variable is replaced during the configuration by an organization-specific
role. BEAMS provides a catalog of participants that includes descriptions of single par-
ticipants and delineate typical questions. If the participant description refers to a group, i.e.
a committee or a board, recommendations for the staffing of the group can be given. The
BEAMS conceptual model is accordingly updated with the concept participant that values
the participant variable during configuration.

5.3.1.4. Trigger variable

The trigger variable is valued during the configuration to either a specific schedule, if a
temporal trigger is considered, or is bound to an information model defining the concepts
which initiate the execution. If a trigger type event is defined, the method base can supply
restrictions of the admissible triggers for certain MBBs. This constraints are reflected in the
augmented conceptual model of BEAMS in the permits relationship. A trigger variable
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can specify that certain elements (cross-cutting aspects) are part of the trigger specification.
Figure 5.16 provides the corresponding excerpt from the conceptual model.

TriggerVariable
type:TriggerType

Trigger
condition

    1

    *

    value
    1

    *

 
permits               

«enum»
TriggerType

event,
temporal

Figure 5.16.: Constituents of an MBB—trigger and trigger variables

Figure 5.17 presents the conceptual model of BEAMS. Therein, we employ the color-coding
as introduced before: method-related parts are highlighted in blue, language-related parts are
highlighted in green, and organization-specific concepts are not highlighted.

5.3.2. Rules and techniques for configuring MBBs

The integration approach of BEAMS enables re-use of existing EA management best practices
but also provides challenges with respect to consistent integration of building blocks into a
coherent method description for the EA management function. Two sources of inconsistencies
exists that relate to the pre- and post-conditions and the triggers of an MBB. Subsequently,
we define three inconsistencies that can arise during the integration of two MBBs and define
respective rules to ensure a consistent method description. The rules are summarized textually
and additional formalization using OCL constraints are given.

∙ Information deficiencies between tasks
Each tasks from a method prescription must be reachable, i.e. the pre-conditions of any
task must be empty or a subset of the post-conditions of other tasks.

context Task

inv: Task.allInstances() -> forAll(t1,t2 |

succ(t1) = t2 implies t2.preCondition SUBSET t1.postCondition)

∙ idle triggers
The information models specified by event triggers must be a subset of the post-
conditions of the tasks contained in the current method description.

context TriggerVariable

inv: TriggerVariable.allInstances(type=event) -> forAll(t |

self.Tasks -> exists(t’ : Task | t.condition SUBSET t’.postCondition))

∙ misfit triggers:
If multiple temporal triggers are used that are associated to method descriptions of
one problem, their schedules should be aligned. If the documentation of the current
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state of the EA for instance is performed on a half-yearly basis, analyzing the standard
conformity based on a quarterly schedule does not make sense.

Reflecting the two sources of inconsistencies triggers and conditions, we subsequently propose
two techniques. The two techniques are based on dedicated rules to ensure information appro-
priateness for an integrated method description base on selected MBBs (see Section 5.3.2.1)
and to support the selection of appropriate triggers (see Section 5.3.2.2).

5.3.2.1. Assessment technique

During the configure MBB phase of the development method a comprehensive method descrip-
tion is developed in a iterative manner. Thereto, MBBs are selected based on the organization-
specific configuration and integrated into the set of previously selected and configured MBBs.
The identification of admissible MBBs is thereby performed using implicit relationships be-
tween MBBs as introduced in Section 4.3. The MBB relationships integrable, alternatives,
and related are subsequently detailed based on the above defined subsumes-relationship be-
tween the information models specified as part of the pre-conditions and post-conditions of
tasks. Thereby, the MBBs are considered from a black-box perspective, i.e. the pre-condition
of the first task in the sequence is used as pre-condition for the MBB and the post-conditions of
all tasks contained in the sequence are respectively summed up to the post-condition. In this
vein, the pre-condition of the example in Figure 5.15 would be that IM0 is documented and the
post-condition would read as IM1, IM2, and IM3 are documented. According to the subsumes-
relationship introduced above, IM3 update subsumes IM1 such that the post-condition of the
example MBB can be summarized as IM3 is documented.

From an inner perspective on MBBs, i.e. on task sequences, we can assume that the infor-
mation model of the post-condition of the last task in the sequence always update subsumes
the information model defined in the pre-condition of the first task. Put it more simply, we
assume that the information is passed on from one task of the sequence to the next even, if
the respective information is not used during the execution of the corresponding task. This
assumption reflects the idea of a central repository as typically used in EA management en-
deavors. On the level of relating MBBs this assumption nevertheless does not hold as different
MBBs are typically only related via exchanged information without a defined ordering.

The idea of a central repository is reflected during the development method by the
organization-specific configuration. As part of the configuration also the set of fulfilled
conditions, i.e. the post-conditions of the already selected, configured, and customized MBBs
is maintained. A condition in the context of BEAMS relates to the concept of assertion in
terms of Pries-Heje and Baskerville [PHB08]. It enables assessment of the suitability of an
MBB by specifying requirements with respect to

∙ dedicated concepts to be contained in the associated information model,

∙ certain meta-attributes of the associated information model, and

∙ the temporal relation of the associated information model, i.e. the state of the EA which
is covered,

or a combination of the above. Reflecting the problem-independent nature of MBBs, we re-
strict the specification of requirements regarding certain concepts to be covered by the infor-
mation model to elements with cross-cutting aspects like projects, principles, or standards.
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The meta-attributes are defined in the catalog of meta-attributes provided by BEAMS and
are derived from the practice-proven method descriptions. The following meta-attributes are
currently defined in BEAMS: (1) documented, (2) consistent, (3) approved, and (4) communi-
cated. While the first meta-attribute represents a prerequisite for the other three, no further
logic ordering of the other meta-attributes exists. An MBB also specifies the state of the EA to
which it relates. Gathering information on EA elements automatically by crawler for instance
has only proven to be applicable for the current state of the EA. Gathering information via
interviews in contrast can be performed for the current as well as for the target state. The
MBB as contained in the method base, i.e. in their ‘unconfigured state’ may specify more than
one state in which they are applicable. After configuration during the development method,
the method fragment5 is linked to the actual information model that determines the state to
which applies. In line with the above discussion we define a condition as follows.

Definition: Condition

A condition is a premise upon which the applicability of an MBB depends. A pre-
condition specifies the essentials which must hold for an MBB to be applicable.
The post-conditions delineate environmental requirements that hold after the MBB
has been executed. A condition consists of an information model part, an optional
temporal part, and a meta-attribute part.

The pre- and post-conditions represent assertions as introduced as part of a design theory
nexus instantiation in Section 2.3. Reflecting the triple as described above, each condi-
tion is described in a threepart style that can be specified using the Backus-Naur Form (cf.
Knuth [Kn64]) as follows

<goal> ::= <principle | standard | strategy | project | ...>

<infoModel> ::= <concern | goal>

<temporal-relation> ::= <current | planned | target>

<meta-attribute> ::= <documented | consistent | publicized | ...>

<condition> ::= <infoModel>[.<temporal-relation>].<meta-attribute>

The concept of pre-conditions and post-conditions is also mirrored in the activity framework of
an EA management function such that for each transition between the activities a set of min-
imal pre-conditions and post-conditions can be specified that must hold. Apart from the mix-
inMBBs, the MBBs of the develop & describe activity typically do not specify pre-conditions.
At least one of their tasks uses a notation function to gather information according to the
associated information model such that after the execution of the MBB the post-condition
concern.documented holds. The minimum post-condition of concern.documented,
might be extended by using a mixinMBB to ensure that the documented information model
is additionally checked for consistency or that the documentation has been approved. The
MBBs associated with the communicate & enact activity at minimum require a certain con-
cern to be documented as pre-condition. For each MBB related to this activity at least one
task exists that uses a representation function to communicate the information of the associ-
ated information model. Complementing, the analyze & evaluate activity requires the concern

5We use the term method fragment to distinguish between the unconfigured MBB and the configured one.
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which serves as basis for the analysis to be documented. After the analysis is performed the
operationalized goal should be documented, which represents the minimal post-condition of
each MBB associated to the activity of analyze & evaluate. The classification rules defining
minimal pre- and post-conditions for the different EA management activities are summarized
in Table 5.3.

pre-condition post-condition

develop & describe concern.documented
communicate & enact concern.documented concern.documented,

concern.communicated
analyze & evaluate concern.documented concern.documented,

goal.documented

Table 5.3.: Relating activities and meta-attributes

Each EA management-related problem is typically solved by passing through the above de-
scribed activities. Thus, the concern is documented in a first step (develop & describe), then
communicated (communicate & enact), analyzed in terms of a goal which is documented (an-
alyze & enact) and finally the analysis results might be communicated again (communicate &
enact). In this vein, a typical solution cycle for a problem reads as follows

1. concern.documented,

2. concern.communicated,

3. goal.documented,

4. goal.communicated.

The aforementioned cycle might be detailed by incorporating further meta-attributes, as con-
sistent and approved.

With the above understanding of pre-conditions and post-conditions, we revisit the rules
defining the implicit relationships between MBBs to prepare our assessment technique.
Taking into account the trifecta of a condition, we define that two MBBs, (MBB1 and MBB2)
are

integrable if the pre-condition of MBB2 represents a subset of the post-condition of MBB1,
i.e.

∙ if the information model of the post-condition of M1 update subsumes the infor-
mation model of the pre-condition of M2 (IBBM1 :> IBBM2) AND

∙ if the meta-attributes specified by the pre-condition of MBB2 are fulfilled by the
meta-attributes specified by the post-condition of MBB1, AND

∙ if the temporal states specified by the pre-condition of M2 and the temporal states
specified by the post-conditions M1 share at least one state to which they can be
applied.

alternatives if the pre-conditions and the post-conditions of both MBBs are the same, i.e.

∙ if the information model of the pre-condition of MBB1 and the information model
of the pre-condition of MBB2 are equal AND if the information model of the post-
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condition of MBB1 and the information model of the post-condition of MBB2 are
equal, AND

∙ if the meta-attributes specified by the pre-condition of MBB1 are equal to the
meta-attributes specified by the pre-condition of MBB2 and if the meta-attributes
specified by the post-condition of MBB1 are equal to the meta-attributes specified
by the post-condition of MBB2, AND

∙ if both MBBs share at least one temporal state.

related if the pre-condition of MBB1 and MBB2 are equal but the post-conditions differ, i.e.

∙ if the information model of the pre-condition of MBB1 and the information model
of the pre-condition of MBB2 are equal, AND

∙ if the meta-attributes specified by the pre-condition of MBB1 are equal to the
meta-attributes specified by the pre-condition of MBB2, AND

∙ both MBBs have at least one shared state to which they can be applied.

The assessment technique uses the above defined relationships to support the user of the
development method in configuring or updating a coherent and consistent management func-
tion. Input for the technique is the organization-specific configuration, i.e. the

∙ EA management-problem(s) currently under investigation,

∙ the common set of post-conditions that hold with respect to the information model
reflecting the problem(s) based on the already selected and configured MBBs, and

∙ the selected organizational context descriptions.

The organization-specific configuration represent the assertions against which the MBBs of the
method base are assessed for suitability. In this vein, the assessment technique supports
the user during the development method with identifying applicable MBBs as well as ineligible
MBBs, or evolution paths. Thereby, the assessment technique makes use of the above defined
implicit relationships between MBBs. The single steps performed for the above activities are
subsequently detailed:

Identify applicable MBBs

1. Identify applicable EA management activities based on the problem (information model)
under investigation and the therefore already fulfilled meta-attributes.

2. Search method base for MBBs that are integrable with respect to the set of fulfilled
conditions and the temporal relation.

3. Evaluated admissible MBBs according to the specified organizational context, i.e. for
each selected organizational context in which an MBB is applicable the MBB is higher
prioritized, MBBs that delineate not to be applicable in one of the selected organizational
contexts are removed from the set.

Identify ineligible MBBs

1. Investigate the situation defined in the organization-specific configuration with respect
to changed organizational contexts and EA management-related problems which are no
longer of interest. If no obsolete problem exists continue with step 4.

196



5. BEAMS: Building Blocks for EA Management Solutions

2. For each obsolete problem the associated method fragments from the method description
are highlighted as “to be deleted”.

3. Identify method fragments from the remaining EA management function that are not
longer admissible due to the changed set of fulfilled post-conditions and highlight im-
pacted method fragments.

4. Identify and highlight method fragments that specify to not be applicable in the changed
contexts.

5. Identify alternative MBBs that replace the highlighted method fragments.

6. Remove method fragments that are marked as “to be deleted”.

Identify evolution paths

1. Search method base for related MBBs.

2. Evaluate MBBs according to the specified organizational context (see step 3 of identify
applicable MBBs).

Example 5.19: Assessment technique. At BS&M enterprise architects
design an EA management function using the BEAMS method base. The
EA management-related problem to be addressed is labeled as “increasing
transparency on the interplay of planned projects”. Therefore an area-of-
interest, i.e. information model is defined which consists of the concepts
business process, organizational unit, business application, and
project proposal.

The current organization-specific configuration reads as follows6:

∙ organizationalUnit.current.documented

∙ businessApplication.current.documented

∙ projectProposal.current.documented

By applying the assessment technique, we identify that only MBBs from
the develop & describe activity are applicable as the current concern
is not completely documented. After an MBB has been selected and
configured to document business processes, the condition “businessPro-
cess.current.documented” is added to the organization-specific configura-
tion. Therefore, the current concern is completely documented. In the
next selection step of the development method, the assessment technique
is again applied and then returns mixinMBBs from the activity develop &
describe activity (resulting in concern.current.consistent or con-
cern.current.approved) and MBBs from the communicate & enact,
and analyze & evaluate activity whose pre-conditions are fulfilled.

6For reasons of brevity, we restrict the subsequent discussion to the class-level omitting discussions on rela-
tionships and attributes.
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Using the assessment technique the user of the development method is supported in the
selection of MBBs. The assessment technique can further be applied during evolution and
adaptation of the EA management function (see Section 5.4) to identify method fragments
that are not longer suitable. Thereby, the assessment technique can be used to identify possible
adaptation and evolution paths.

5.3.2.2. Liveliness technique

With the above described technique, we can ensure that users of the development method
design only consistent and coherent EA management function. Nevertheless, we cannot ensure
‘liveliness’ of the configured method as the single method fragments are not connected via
control flow such that single method fragments might never be initiated. Initiation of an
MBB is performed via specifying a trigger. Triggers can either be of the type temporal or
of the type event. Temporal triggers ensure liveliness of the associated method descriptions.
Relating different MBBs that are initiated by temporal triggers might nevertheless lead to
discrepancies and friction.

Example 5.20: Discrepancies in trigger configuration. A banking
company has established an EA management function that addresses its
need for transparency regarding the application landscape and the therein
used technology. To maintain the documentation and ensure actuality
of the information, the enterprise architects send questionnaires to the
application owners at the beginning of every fiscal year. The application
owners, if necessary, update the contained information. The current state
of the application landscape is reported to the upper management at every
end of the fiscal year.

Due to a change in the upper management, the enterprise architects are
demanded to provide an overview on the current landscape on a half-yearly
basis.

The change of the communication process, e.g. the reporting, in the above example does not
lead to an inconsistent method description. It however results in discrepancies regarding the
interplay of the two processes of documentation and communication as the upper management
would be provided with the same description twice, if the maintenance process is not updated
accordingly.

Besides discrepancies, ‘idle’ processes can be defined. Idle processes refer to method fragments
which are never initiated, as they define a triggering event that never occurs. Idle processes
can only emerge, if event triggers are used.
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Example 5.21: Idle method configuration. To increase homogeneity,
an small-sized enterprise which has no defined project portfolio process
decides to assess each project proposal for conformance with architectural
standards. Therefore, a process is set up that is triggered, if a new project
proposal is documented. The process defines that each project manager
of a non-conformant project is consulted by an enterprise architect who
discusses possible changes ensuring standard conformance.

Whereas the above example represents a way of enacting standards that is frequently used, a
prerequisite of the enactment that ensures liveliness is the definition of a process documenting
the project proposals. In cases like the one described above, this is typically performed by
interlinking the step to the project portfolio management process.

Configured triggers of the type event can either refer to elements from the layers or ones repre-
senting cross-cutting aspects. If cross-cutting aspects are referenced in the trigger definition,
the associated MBB typically represents a mixinMBB, i.e. has to be integrated into another
ELMF, like project portfolio management, if projects or standards are concerned, or the strate-
gies and goals management, if visions and goals, are considered. In cases where the trigger
is configured to relate to other concepts, these concepts needs to be documented, changed,
or updated by an already selected and configured MBB. In this vein, the information model
used in the specification of the trigger must be update subsumed by the information model
incorporated in the organization-specific configuration and the meta-attribute “documented”
must apply for the information model fragment.

In line with the above discussions, we define a liveliness technique supporting the develop-
ment method by guiding the selection of appropriate triggers. The liveliness technique can be
employed during the development method to detect

discrepancies in temporal trigger specifications Starting from the MBB currently under inves-
tigation, the set of already configured MBBs incorporated in the organization-specific
configuration is assessed to identifying predecessor MBBs (by reverse traversing of the
integrable relationship) and thus builds a ‘dependency graph’ until no unfulfilled pre-
condition is left. The dependency graph is subsequently searched for MBBs specifying
temporal triggers which are compared to detect discrepancies. Thereby, a discrepancies
is detected, if the frequency of an earlier MBB (predecessor) is less than the frequency
of an MBB latter in the graph (successor).

idle method configurations Whenever the trigger of an MBB is configured during the develop-
ment method the set of fulfilled conditions of the configuration is searched for concepts
for which the meta-attribute ‘documented’ applies. The admissible specification of a
trigger is then limited to these concepts.

The development method uses the liveliness technique to support the enterprise architect
during the configuration of MBBs. Thereby we ensure that the resulting method description
is a consistent and coherent one.

199



5. BEAMS: Building Blocks for EA Management Solutions

5.3.3. Development method

The phase configure EA management function of the development method represents an
iterative activity consisting of two sub-activities. During the sub-activity select MBB the
set of MBBs applicable in the current situation is determined using the assessment technique
(cf. Section 5.3.2.1). Based on the output of the assessment technique the enterprise architect
selects an MBB. The selected MBB is subsequently configured to the organization-specificities
in the sub-activity configure MBBs. Therein, the enterprise architect is supported by
applying the liveliness technique (cf. Section 5.3.2.2). The two sub-activities are iteratively
performed until all EA management activities of the framework (cf. Figure 4.7) are covered.
The output of the configured EA management function activity is a coherent and self-contained
EA management function that addresses the so far defined set of problems and is stored in
the organization-specific configuration. Figure 5.18 provides an overview on the activities of
configure EA management function.

Figure 5.18.: Development method: configure EA management function

Entering the construction of the EA management function itself, the step select MBB is
executed by the enterprise architects. The enterprise architects identify applicable MBBs by
applying the assessment technique (cf. Section 5.3.2.1) and choose an admissible MBB from
the set of appropriate MBBs. The choice is supported by taking into account the participants
that must be involved in executing the tasks as well as the consequences of applying an MBB.

Example 5.22: Development method—select MBB. At BS&M, the
input for assessment technique is the information stored in the configura-
tion, namely
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goal: increasing transparency, current state of the EA

context: bottom-up initiative, centralized IT department, office tools

conditions: none

Based on above criteria the enterprise architects identify applicable MBBs
from the method base using the assessment technique. With respect to the
current goal of the associated problem, the set of admissible MBBs can be
limited to the ones associated with the activities “develop & describe” and
“communicate & enact”. Taking further the empty set of fulfilled condi-
tions into account, MBBs from the activity “communicate & enact” can
be excluded, such that the following MBBs from the “develop & describe”
activity are evaluated by the assessment technique. The subsequent fitting
matrix illustrates the evaluation results.

bottom-up
initiative

centralized IT
department

office tools

Describe by interview   
Describe by questionnaire  
Describe by workshop  

Enterprise architect

Create interview guideline

<N>

Put in repository

<N>

Compile architectural description

<N>

Interviewer

Conduct Interviews

<N>

Information steward

< C >

<R>

 

 

http://wwwmatthes.in.tum.de/models/fullscreenEditor?id=1r7a1hal8fn6i

2 von 3 25.01.2011 15:32

MBB describe by interview

The enterprise architects of BS&M decide to use the first MBB to gather
the missing information on business processes. Besides the evaluation
results, the convincing argument therefore, was the possibility to indi-
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vidually promote the EA management initiative at the different business
departments in a face-to-face interview (consequence of the “describe by
interview” MBB).

While above step already started shifting the process from an analytic to a constructive one,
the step configure MBBs is clearly related to design and construction. Three parallel
activities are performed during this step all relating to the customization of the selected
MBB, namely

∙ the trigger of the MBB is detailed using the liveliness technique as proposed in Sec-
tion 5.3.2.2 taking into account possible limitations that are already specified by the
MBB (with respect to the type of trigger or contained concepts).

∙ the participant variables delineated by the MBB are replaced and detailed by an
organization-specific role.

∙ for each involvement of a participant in a task the used viewpoints are defined. While the
constraints provided by the type of viewpoint are accounted for, the recommendations
and dissuasions can optionally be considered.

After the configuration, the customized method fragment is integrated into the set of already
configured method fragments that represent the current status quo of the EA management
function described by the organization-specific configuration.

Example 5.23: Development method—configure MBB. At BS&M
the enterprise architects configure the selected MBB as follows (for a graph-
ical representation of the configured method fragment see Example 5.22):

The trigger is specified by the MBB to be of type “temporal”. Using
the liveliness technique the enterprise architects of BS&M investigate that
no ‘pre-decessor’ method exists such that no further constraints for the
trigger selection exist. In line with the update schedule of the CMDB
from the ITIL initiative, the enterprise architects decide to update the
documentation of business processes on a yearly basis.

The participant variable interviewer is defined to be an enterprise archi-
tect to facilitate the promotion of the EA management initiative. Further,
the process owners are identified as information stewards.

Complementing, the viewpoints used to involve the different participants
are defined. Reflecting the absence of a dedicated tool support, typical
office documents are used with one exception: the architectural description
used in the last step is displayed in a so-called process support map, a
matrix visualization that relates business processes, business applications,
and organizational units.
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After the enterprise architects have finished customization of the selected MBB, it is inte-
grated into the set of already defined method fragments of the EA management function and
the organization-specific configuration is extended. Complementing the conditions on the in-
formation model are updated. If not all activities of the EA management function are yet
covered, the development method continues with the identification of the next MBBs that are
admissible by iteratively performing the steps select MBB and configure MBB. Otherwise,
the enterprise architects can either start to characterize the next situation and problem to be
addressed (configuration cycle) or continue the development method with the analysis of the
EA management function.

Example 5.24: Development method—integrate MBB. The enter-
prise architects from BS&M update their organization-specific configura-
tion to on the one hand incorporate the configured method fragment and
on the other hand extend the set of fulfilled conditions with the condition
“concern.current.documented” as now methods have been delineated that
document all concepts specified by the information model.

Based on the updated configuration a new set of admissible MBBs can
be identified. The assessment technique now additionally returns MBBs
from the communicate & enact activity as the minimum pre-condition con-
cern.documented is fulfilled. Omitting the iterative steps, we subsequently
present the resulting EA management function that addresses the prob-
lem of “increasing transparency on the interplay of planned projects”. The
resulting EA management function was developed by customizing three
MBBs (see Appendix A.1) from the BEAMS method base, namely

∙ describe by interview (develop & describe),

∙ ensure information consistency (develop & describe), and

∙ develop planned states of the EA (develop & describe).
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The organization-specific EA management function is given subsequently.
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5.4. Analyze EA management function

Since quick-wins and short-term benefits of EA management are rather sparse, the stringent
implementation of an EA management function is not easy to ensure. A central challenge for
enterprise architects is to ensure organizational implementability (cf. quality criteria Q6 from
Section 4.1.1). The third phase of the development method is concerned with analyzing the
organizational implementability of an EA management function designed with BEAMS. Cen-
tral thereto, is the distinction between stakeholders and actors we introduce in Section 5.4.1.
Based on this distinction, we present two different techniques to analyze organizational im-
plementability in Section 5.4.2. Finally, we discuss the application of the techniques during
the analyze EA management function phase of the development method in Section 5.4.3.

5.4.1. Stakeholders and actors

Organizational implementability relates to the involved actors on the one hand, who are re-
sponsible for maintaining the architectural descriptions by providing accurate EA information,
and the stakeholders typically representing the sponsors of the EA management initiative on
the other hand, who need to be convinced of continuing their support. The fact that the so-
called information providers, i.e. the actors, typically differ from the information consumers,
i.e. the stakeholders, results in a lack of motivation and reluctant behavior on the part of
the former since there is no obvious value of documenting, analyzing, and communicating
the EA-related information. Thereby it is not unusual that the overall number of providers
regarding a specific piece of EA information outweighs the one of actual end users or, even
worse, there is an uncertainty about how many stakeholders are consuming a specific piece
of EA information at all. In addition, the overall provisioning costs for such a piece are only
transparent to the providers, who typically do not receive consumer’s feedback.

Referring to the above distinction of participants in stakeholders and actors, we subse-
quently revise our preliminary definitions from 3.1.1 and Section 4.3. The revised definitions
are thereby based on the different levels of involvement in the tasks of the EA management
function as discussed above.

Definition: Stakeholder

A stakeholder is an individual or group of individuals who has an EA management-
related problem. The involvement of a stakeholder in the execution of the EA man-
agement function is typically limited to being informed on the execution of tasks or
the results achieved thereby.

Definition: Actor

An actor is an individual or group of individuals that participates in the execution
of an EA management-related task. The participation thereby can either be of type
responsible for or consulted in the execution.

The conceptual model presented in Figure 5.19 introduces the distinction of participants in
stakeholders and actors.
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ParticipantVariable Participant
Actor

Stakeholder

1  *

 value

Figure 5.19.: Constituents of an MBB—Stakeholders and actors

5.4.2. Techniques for ensuring organizational implementability

Based on the above defined distinction between stakeholders and actors, we propose two
analysis techniques investigating the organizational implementability. The single steps to be
performed in applying the techniques are subsequently presented:

stakeholder involvement technique

1. For each problem from the organization-specific configuration the associated stakeholder
and the respective method fragments of the EA management function are identified.

2. With the associated stakeholder at hand, the method fragments are searched for an
“informed” involvement of the stakeholder.

3. If no informed involvement is found an exception is returned.

stakeholder-actor-dependency technique

1. The first problem from the organization-specific configuration is taken.

2. The associated stakeholder and method fragments are identified.

3. All actors involved in a task of the associated method fragments are included in a depen-
dency graph such that an arrow indicates the dependence of the problem’s stakeholder
from the respective actor.

4. Repeat steps 1–3 until all problems have been processed.

5. Return dependency graph.

5.4.3. Development method

The activity analyze EA management function investigates the organizational imple-
mentability in three steps addressing the aforementioned challenges. The three steps are
illustrated in Figure 5.20. In the first step, the involvement of stakeholders in the EA man-
agement function is analyzed using the above presented techniques to ensure that the EA-
related information representing or contributing to the solution of the stakeholder’s problem
is communicated. Stakeholder-actor-dependencies are made transparent in the second step.
By comparing the identified dependency structure and the organizational control structures
different organizational intervention are proposed in the final step of the activity.

The utilization of the BEAMS development method ensures that roles and responsibilities are
defined for each task, which are either already present in the associated organization or which
have to be established in the course of the EA management initiative. In the step analyze
stakeholder involvement, the enterprise architects ensure that the stakeholder associated

206



5. BEAMS: Building Blocks for EA Management Solutions

Figure 5.20.: Development method: analyze EA management function

with the current problem is at some point in the method informed on the achieved results.
In this vein, the EA-related information representing the benefit for the stakeholder is made
transparent. By applying the technique the enterprise architects identify, if the stakeholders
are informed on the achieved results. If none such involvement can be identified, the user
of the development method returns to the step “configure EA management function” of the
development method and selects an admissible MBB from the communicate & enact activity.

Example 5.25: Development method—analyze EA management

function. The organization-specific configuration of BS&M contains only
one problem to be addressed for which the “project portfolio managers”
represent the associated stakeholders. Analyzing the configured method
with respect to an ‘informed-involvement’ of the project portfolio man-
agers, the task “develop planned states” is identified where the stakehold-
ers are informed on the compiled architectural descriptions via a “process
support map”.

In the step investigate stakeholder-actor-dependencies the supply and demand of pieces
of EA information is investigated and the dependencies between information providers and
consumers are made explicit. Therefore, the technique is applied. The resulting dependency
graph represents the input for the subsequent step.

Example 5.26: Development method—dependency graph. The de-
pendency graph of the EA management function of BS&M shows the re-
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lationships between the project portfolio manager as the stakeholder (in-
formation consumer) and the actors (information providers).

Dependency graph of the EA management function of BS&M

The final step, propose organizational interventions takes the dependency graph from
the preceding step as input and analyzes which motivations for the information suppliers
(actors) exist to contribute to the EA management function. Juxtaposing the information
dependencies with the organizational control structures in the organization, the enterprise
architect can investigate which dependencies are organizationally supported. In particular, the
following relations between organizational control and information dependencies can exist:

Line-of-control: The information consumer is a (direct) superordinate of the information
provider, thus being able to directly demand the information from the corresponding
provider. In this case we speak about an alignment of organizational control and in-
formation dependencies such that organizational implementability can be regarded as
assured.

Tits-for-tats: The information consumer can exchange information needed to address one prob-
lem with information provided for another. Such case applies, when circular informa-
tion dependencies exist, or if such dependencies are mediated over organizational control
relationships. In the latter case, an information consumer’s subordinates would be re-
sponsible needed for providing information A to the (prospective) provider of the needed
information B.

Social competition: The information consumer can raise peer-level competition between the
information providers. Such situation exists, if the consumer is in a well-respected but
not empowered role, being able to create transparency about information provision by
the equally leveled information providers.

Revisiting the EA management function against the above provided classification of organiza-
tional interventions, the enterprise architects can decide, if their configuration appropriately
addresses the aspects of organizational implementability.

Example 5.27: Development method—organizational interven-

tions. The enterprise architects of BS&M revisit the stakeholder-actor-
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dependency graph against the background of the control structures es-
tablished by the organization. Even though no direct line-of-control can
thereby be identified between the project portfolio managers (stakehold-
ers) and the process owners (actors) which represent peer-level employees,
the enterprise architects believe the organizational implementability to be
assured due to the situation of “tits-for-tats” between the process own-
ers. Due to the fundamental interest of the process owners in having an
overview on the planned changes with respect to their process on the one
hand and the fact that the process owners are keen to have “their” projects
to be highly prioritized, the information provision can be regarded ensured.

5.5. Adapt and evolve the EA management function

The remaining quality criteria Q8 (facilitate performance measurement) and Q9 (being sus-
tainable and adaptable) from Section 4.1.1 relate to evolutionary aspects of the EA man-
agement function. Measuring the performance therein is regarded a prerequisite to identify
potentials for improvements, i.e. adapting the EA management function. Performance in the
context of EA management can either be evaluated independent of the problems addressed,
e.g. in terms of general stakeholder satisfaction (subjective assessments), or can be assessed
depending on the problems and the ability to establish appropriate methods and means to
address the problems (objective assessments). Explicit problem statements are a prerequisite
for objective performance measurement. The coverage of the activities of the EA management
function represents a performance criterion, e.g. actively communicating and enacting stan-
dard conformity can be regarded to represent a ‘better’ way than ‘just’ passively documenting
the used technologies. The abstract goal “increasing transparency” is an exception from the
aforementioned rule, as its realization builds on MBBs contributing to the activities develop &
describe and communicate & enact. This can be explained by the fact that increasing trans-
parency typically is not a goal in itself but is a general means that facilitates the achievement
of other EA management goals.

Different reasons why the method representing the EA management function should be re-
configured or re-designed exists. If the performance of the EA management function is con-
tinuously measured the need for re-design can be identified. Two directions of misalignment
can thereby be distinguished, namely

under performing An under performing EA management function is characterized by decreas-
ing interest in the architectural descriptions, incomplete tasks that are stopped prior
to being successfully conducted, and unhappiness of the stakeholders with the achieved
results, e.g. with respect to the actuality of information or the level of detail. An un-
der performing EA management function can result from an incorrect characterization
or a changed situation which is not yet reflected in the design of the EA management
function.
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well performing A well performing EA management function is characterized by a high interest
of stakeholders in the architectural descriptions compiled as results of the EA manage-
ment function, an increasing number of requests for additional problems to be addressed
by the endeavor, and a high satisfaction of the stakeholders. The enterprise architects
of well performing EA management functions are typically confronted with requests to
raise the maturity level.

Addressing the need for re-designing the EA management function the activity adapt and
evolve EA management function provides guidance to re-design and re-configure the EA
management function. Therefore, the organization-specific configuration is taken as input and
the assessment and liveliness technique presented in Section 5.3.2 are used to identify inel-
igible MBBS and re-design an underperforming management function, or to identify evolution
paths in cases of a well-performing EA management function.

Example 5.28: Development method—adapt EA management

function. To measure the performance of the EA management initia-
tive, the enterprise architects of BS&M perform interviews on a yearly
basis in which they ask for the stakeholder satisfaction with the achieved
results (cf. operationalization of the goal “increase transparency”).

In the second year, the enterprise architects identify a decreasing stake-
holder satisfaction, which they trace back to outdated information in ar-
chitectural descriptions. Aside they experience troubles in conducting the
interviews with the process owner which are no longer willing to spend
time for an interview. Using the above described method, the enterprise
architects identify the method fragment related to describing business pro-
cesses via interviews to be no longer applicable owing to the expansion of
BS&M that now operates world-wide. Due to the expenses for traveling,
an interview-based method to gather information is no longer applicable.
Searching the method base for an alternative MBB, the enterprise archi-
tects decide to augment the EA management function by replacing the
“describe by interview” MBB with the alternative “describe by question-
naire” NBB.

In cases of well performing EA management functions, the enterprise architects are typically
enabled to enhance the maturity level of the initiative. The development method of BEAMS
supports evolution of the EA management function in a twofold way: first, the existing EA
management function can be easily extended to incorporate newfound problems by performing
the activities characterize situation and configure EA management function. Second,
the method base and the linked MBBs can be used to derive evolution paths which provide
more sophisticated methods to address an EA management-related goal or to increase the
level of detail used in the architectural descriptions (assessment technique). supporting the
evolution decision, different types of analyses can be performed based on the organization-
specific configuration answering the following questions
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∙ Are all EA management activities covered for each problem of the initiative?

∙ In how many tasks is a participant involved (and in which way, i.e. responsible, con-
sulted, informed)?

∙ Which participants are provided with which visualizations?

∙ Which information, e.g. on business processes, business applications, infrastructure
elements, is used by whom, in which task, etc.?

Based on the answers to above questions, additional stakeholders and problems can be iden-
tified.

Example 5.29: Development method—evolve EA management

function. At BS&M the EA management initiative was successfully im-
plemented with a constant stakeholder satisfaction over the last years. The
benefits of an up-to-date architectural description of the application land-
scape and the acceleration of the decisions in the project portfolio manage-
ment have waken the business executives, which decided to enhance the set
of problems to be addressed by the EA management endeavor. The enter-
prise architects of BS&M are requested to augment the EA management
function to additionally address the goal “improve capability provision” in
terms of analyzing the current application landscape with respect to the
provided business support.

Using the development method and the assessment technique, the en-
terprise architects identify the MBB “single expert evaluation” from the
BEAMS method base to be applicable in this context. The MBB is config-
ured and integrated into the organization-specific EA management func-
tion. Analyzing the resulting EA management function the enterprise
architects detect that the business executives have not been informed on
achieved results. Therefore, an additional MBB from the communicate
& enact activity (“publish architectural description”) is selected to ensure
that the stakeholders are informed. The resulting EA management func-
tion is presented subsequently.
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5.6. Developing and maintaining the method base

Complementing the development method that specifies activities and steps to apply the
method base, we subsequently discuss how the method base is developed and maintained.
Figure 5.21 illustrates an UML activity diagram of the administration method to evolve the
method base, which consists of six activities (including the identification of a new solution)
that relate to the construction of a design theory nexus instantiation and the pattern-based
theory building process as introduced in Section 2.3. The activity diagram is further comple-
mented with the different parts of the method base that the output of the single activities
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contributes to7. In the initial development phase of BEAMS, the administration method was
iteratively executed to construct the first version of the method base. Starting with an empty
method base, new solutions to EA-related problems were iteratively identified, restructured,
and integrated. Subsequently, we delineate the steps performed in each activity and discuss
their execution along an example from the initial set of practice-proven solutions.

Figure 5.21.: Administration method—developing and maintaining the method base

New solutions for EA management-related problems can originate either from academic work
or can be observed in practice. The set of solutions used to initialize the BEAMS method base
represents a combination of both aforementioned origins but with a focus on proven practices.
The initial input for the development of the method base is the collection of abstract best
practices as contained in the EA management pattern catalog (cf. discussion in Section 4.2.4).
The abstract method descriptions from the M-Patterns were complemented and enhanced
with current best practices during a series of workshops conducted as part of an industry-
funded research project with a focal points on methods for EA management. The project was
called enterprise architecture management method library (EAMML)8 and conducted between
October 2009 and September 2010. The idea behind the EAMML project was to gather
information on how organizations accomplish their EA management function and document
the thereby identified best practices. In addition, the specific situations, i.e. the organizational
contexts, that constrain the applicability of the best practices represented an intended outcome
of the EAMML project. Participating in the research project were 32 partners from academia
(e.g. University of Singapore, OFFIS, and TU Wien), consultants (e.g. act! consulting,
Detecon, Price Waterhouse Coopers, and Steria Mummert Consulting), tool vendors (BOC

7To enhance readability of the diagram, we omitted the activities “browse catalog” and “update catalog”
which connect the different data stores with the sequence of activities.

8See http://wwwmatthes.in.tum.de/wikis/sebis/eamml (cited 2011-01-21) for details on the project.
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and iteratec), and practitioners (e.g. Bausparkasse Schwäbisch Hall, Capgemini sd&m, Credit
Suisse, E.ON, Munich Re Group, PostFinance, RTC, SEB, and Siemens). The research project
was scheduled in six phases with dedicated work packages, namely

∙ develop an activity framework of the EA management function using an extensive liter-
ature review (see the EA management activity framework proposed in Section 4.3; the
according literature analysis can be found in [BMS10j]),

∙ derive initial method fragments for the identified activities from the EA management
pattern catalog,

∙ conduct on-site workshops with the above partners from academia and industry gather-
ing information on how they perform the different activities and which context factors
influence the applicability,

∙ identify and document the practice-proven methods, revise and extend the existing meth-
ods to the on-site feedback provided by the partners,

∙ perform remote reviews of the documented methods with the partners, and

∙ revise and finalize the method descriptions based on the provided feedback.

The EAMML research project resulted in a set of practice-proven methods for EA manage-
ment. This set was used in the initial development of BEAMS. For each of these methods, the
single activities of the administration method were executed. Subsequently, each activity is
detailed and complemented by an expository example. We use an observed best practice that
was repeatedly discussed during the workshops of the EAMML to exemplify the activities of
the administration method. Whenever, we refer to one of the catalogs, we provide an overview
on the actual content of the current version of the BEAMS method base and present parts in
the text flow and in the appendix9.

In the first step of the administration method, the observed best practice is documented as

a pattern. Going into detail, the observed solution is documented following a typical pattern
form (cf. Section 4.2.4), thereby making explicit the problem addressed by the solution, the
context describing the environmental factors in which the solution can be applied, and the
consequences of applying the solution. Furthermore, the single steps to be performed for
solving the problem are described delineating possible forces that influence the design of the
solution.

Example 5.30: Administration method—document as pattern.

Several industry partners of the EAMML reported on a success story that
they experienced during their work, which is documented in the form of a
pattern in the following.

Problem: You feel the risk of an unmanaged application landscape, with
a multitude of technologies. You are afraid that the cost of development,

9The whole method base of BEAMS can be accessed at http://wwwmatthes.in.tum.de/wikis/beams/home
(cited 2011-01-21).
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operation, and maintenance of new business applications steadily increases
due to a plethora of different technologies used. You believe architectural
standards will help to reduce risks and costs through homogenization?

Context: The EA management initiative has been launched by a group of
new employees who have made positive experiences with EA management
in their former organizations. Founded by these employees no ‘official man-
date’ and thus budget for the initiative exists. Nevertheless the initiative
is officially tolerated as pilot for EA management. The IT departments
of the organization are decentralized which hampers the establishment of
enterprise-wide standards.

Solution: Arrange a meeting of software architects to define a set of appro-
priate technologies that represent enterprise-wide standards. Ensure that
developers with respective skillset for applying the standards are available.
Update the documentation of the current application landscape by con-
ducting interviews at the beginning of the fiscal year. Assess currently
used business applications for compliance with these standards and iden-
tify the business agency with the highest standard conformity. Officially
award the ‘best’ business agency.

Forces: Defining enterprise-wide standards, the currently used technolo-
gies can either be taken into account or standards can be defined from
scratch. Awarding can either be done using a page on the intranet or via
a mass mail to all employees.

Consequences: The defined standards have to be maintained and evolved
to ensure appropriateness for the implementation of business demands.

Organizations are unique in their way of doing business, the lived culture, used tools, and
many other aspects. These different influences are reflected in the context description of
the documented patterns. Representing the output of the first activity of the administration
method, the context description of the pattern under consideration is compared to the already
existing context descriptions provided by the BEAMS catalog of organizational contexts.
If no congruent counterpart can be identified, the catalog of contexts is extended. In the
initial version of BEAMS, we identified four dimensions of organizational contexts, namely
“background of the EA management initiative”, “organizational culture”, “tool support for EA
management”, and “organization of the IT department”. The complete catalog of organiza-
tional contexts that are linked to at least one MBBs via an “is applicable” or “is not applicable”
relationship (cf. Section 5.1) is given in Appendix A.2.

Example 5.31: Administration method—derive context descrip-

tions. Revisiting the pattern presented before, the following three char-
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acteristics from two dimensions were derived from the pattern’s context
description:

Background of the initiative Different reasons and backgrounds why an EA
management endeavor is initiated exits, namely

bottom-up initiatives Bottom-up initiatives are characterized by a
group of ‘heroes’ representing the drivers of EA management. In
organizations with bottom-up initiatives no dedicated mission and
thus support from the upper management exists. Therefore, a
bottom-up initiative is characterized by concealing the initiative
behind project or program names, no dedicated budget for the ini-
tiative, and a limitation in scope. Bottom-up initiatives typically
depend on the social and professional skills of the ‘heroes’.

pilot initiatives Pilot initiatives are typically set up, if doubts and dis-
believes in the benefits of EA management exist. Pilots are typi-
cally carried out hand in hand with bigger transformation projects
and are characterized by a defined point in time where a decision
about the continuation of the project is made, a limited scope
and reach in terms of goals pursued, as well as the absence of a
dedicated tool support.

Organization of the IT department Modern organizations have grown his-
torically and exhibit different ways of how the IT department as a
cross-function delivering capabilities used throughout the enterprise
can be organized:

decentralized IT department In organizations with decentralized IT de-
partments, solution delivery is aligned with the line of business
and the IT managers report to the business executives. In this
vein, coordination between the different local IT departments is
aggravated which may result in heterogeneous solutions. In con-
trast, the specialized needs of the business agencies are addressed
and the IT staff is controlled by the business agency which fosters
business knowledge in the IT staff.

In line with our administration method, the problem addressed by the pattern is conceptual-
ized in the activity conceptualize problem to the abstract goal and the concern on which
the goal applies. Therefore, the BEAMS catalog of goals is parsed to identify a congruent
counterpart. If no counterpart can be identified, the catalog is augmented to contain the
newfound goal. Similarly, the concern to which the pattern applies is conceptualized, com-
pared, and if necessary incorporated into the list of contained concerns (either relating to the
cross-cutting aspects or the layers cf. Figure 1.1). The goals covered in the initial version of
the BEAMS catalog of goals are

∙ ensure compliance,

∙ foster innovation,
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∙ improve capability provision,

∙ improve project execution,

∙ increase disaster tolerance,

∙ increase homogeneity,

∙ increase management satisfaction,

∙ reduce operating cost, and

∙ reduce security breaches.

Example 5.32: Administration method—derive goals and prob-

lems. Parsing the problem of the pattern description, terms referring to
an abstract goal can be easily identified as “homogenization”. The ab-
stract goal of our example can therefore be mapped to the abstract goal
“increasing homogeneity”.

In a similar vein, terms relating to concepts of the EA can be identified
as “business applications” and “technology”. A cross-cutting aspect “stan-
dard” is also emphasized in the problem description.

In the detail solution activity, the notation for MBB description (see Section 5.1.2) is used
to detail the solution provided by the pattern. Output of this activity is a detailed description
of the solution using the language for describing MBBs as presented in Section 5.1.2. Thereto,
the pattern’s solution section is revisited with the help of the observed cases to identify the
single constituents of the MBB description as follows:

∙ The steps describing the solution are used to derive the tasks of the MBB description.

∙ For each task exactly one responsible participant is defined. If more than one participant
is responsible for executing an identified tasks, this task needs to be detailed into fine
grainer tasks for which a responsible participant can be defined. Further participants
can be involved in the execution of a task via the relationships “informed” or “consulted”.

∙ For each relationship between a participant and a task at least the type of viewpoint is
defined. Further best-practice recommendations or dissuasions regarding the viewpoint
used can be specified textually, if available. In case a participant is only informed the
type of viewpoint is defined to be of representation.

∙ Tasks for which a defined ordering exists are related using the language notation.
Thereby, splits are complemented with a condition. For all tasks that do not have a
preceding task, a trigger is defined. If provided by the pattern, the trigger type is
detailed. For each task that does not specify a successive tasks, a sink is modeled.

∙ Forces are connected to the tasks they affect, i.e. for which they describe techniques to
be selected. If more than one task is affected by the force, the force is further detailed.
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The identified tasks are thereby described independent from the problem to be addressed,
e.g. a step relating to the documentation of business applications is abstracted to a task
for documenting EA-related concepts. Nevertheless, cross-cutting aspects can be referred to
during tasks description, e.g. a step concerned with setting standards for business processes
is abstracted to a task setting standards for EA-related concepts.

The BEAMS catalog of participants is used to ensure a consistent naming of participants.
If a participant can be related to the skillset of an already existing participant, the participant
is renamed, otherwise the BEAMS catalog of participants is extended. An excerpt of the
current BEAMS catalog of participants that maps the participants identified in the above
example to their counterparts is given in Appendix A.3. The catalog entries of the most
prominent participant is exemplarily given below.

Enterprise architect Enterprise architects manage and lead the EA program, i.e. are the per-
sons responsible for developing, communicating, and analyzing architectural states of
the EA. They are in charge of the EA management function in terms of designing, im-
plementing, and adapting the corresponding tasks. Furthermore, they oversee the EA
budget (if available), support the introduction and establishment of EA management-
related tasks, and increase the use of architectural descriptions and tools by promoting
EA management. Typical questions an enterprise architect is concerned with are

∙ How to promote the EA management function and its benefits?

∙ How to foster and improve communication between business and IT?

∙ How to best address the organization-specific problems from an organization-wide
perspective?

∙ How to balance local and global interests?

∙ How can potentials for improvements in the EA be identified?

∙ How should the EA evolve to best fit the objectives and strategies of the organiza-
tion?

∙ How to identify stakeholders of the EA management function?

The identified forces represent free choices for the actual implementation of a task. Put it more
simply a force does only have local impact on a task, i.e. does not change the participants
involved or pre- and post-conditions of a task. Each time a task is executed the responsible
actor can decide which force (technique) to use.

Example 5.33: Administration method—detail method descrip-

tion. The pattern for increasing homogenization was initially discussed
in the workshops of the EAMML and further detailed during the review
phases. Based on the input of several industry partners that use the so-
lution, the pattern was revised. Subsequently, the findings are illustrated
using the modeling language. The model is further complemented with a
textual description.
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Four participants involved in executing the solution are identified. Com-
paring the skillset of the participants with the entries in the BEAMS cata-
log of participants the following mapping can be established (if deviating
original names exists, these are given in brackets) “enterprise architect”,
“EA expert” (technology expert), “interviewer” (working student), “infor-
mation steward” (application owner), “business executive” (business unit
manager). The viewpoints used by the participants during the conduction
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of a task are specified to be of type notation and representation. Further
recommendations or dissuasions for a certain viewpoint are documented,
see e.g. the type “colored cluster visualization” for the task “analyze con-
formance”.

Complementing information, e.g. forces for certain tasks are provided
textually in the associated description. The concept of force can be ex-
emplified along the task “gratify most conformant unit”. Forces of this
tasks that have been gathered during the EAMML workshop are a grati-
fication send by mail, thus ensuring that everybody has been informed, or
publishing the gratification on the intranet, thus giving it a longer-lasting
nature.

For some tasks identified in the analysis of the pattern solution a logic
ordering of the steps can be defined, resulting in a solution consisting of
two disconnected task sequences. For each of these sequences a trigger
and sink are defined. In the using enterprises both sequences of tasks were
initiated based on a defined schedule such that the type of trigger can in
both cases be defined to be of type “temporal”.

In the step decompose pattern in MBBs, the description of the pattern’s solution is de-
composed into re-usable and modular method fragments that correspond to the main activities
of the EA management function. Typically the tasks described by the solution can be eas-
ily classified as belonging to develop & describe, communicate & enact, or analyze
& evaluate. For each task sequence, the pre-conditions that must hold to execute the first
task and the post-conditions that are assumed to hold after the execution of the last task are
defined. In line with the contexts, goals, and participants, the conditions are specified using a
common set of meta-attributes. The conditions thereby are concern-independent referencing
only properties of the concern or making assumptions on the coverage of cross-cutting aspects.
The BEAMS catalog of meta-attributes is used to ensure a consistent terminology. If the
set of meta-attributes is extended, the logical sequence of meta-attributes and the minimal
set of pre- and post-conditions as relating to the activities of the EA management function
needs to be updated.

Example 5.34: Administration method—decompose patterns.

Based on the logic ordering of steps identified above and the main activi-
ties of an EA management function, the solution provided by the pattern
can be distinguished into four task sequences that relate to (1) ‘define
standards’, (2) ‘describe current state’, (3) ‘analyze current state’, and
(4) ‘communicating and enacting’ the defined standards. These sequences
relate to the activity framework of BEAMS as follows, (1) and (2) can be
related to the develop & describe activity, (3) can be classified as belonging
to analyze & evaluate, and (4) can be evaluated as belonging to the com-
municate & enact activity. For each trigger and each sink that starts or
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accordingly ends a sequence of tasks, the following pre- and post-conditions
can be defined based on the pattern description.

pre-condition post-condition

(1) concern.current.documented
(2) concern.current.documented
(3) concern.current.documented concern.current.communicated,

goal.current.documented
(2) concern.current.communicated,

goal.current.documented
concern.current.communicated,
goal.current.communicated

Representing the final activity of our administration method, for each identified MBB a ‘record
sheet’ is compiled in the activity integrate MBBs in method base. The record sheet
complements the model of the MBB as introduced before with additional textual information,
i.e. the EA management activity to which the MBB belongs, constraints with respect to
the states the MBB can be applied, i.e. the temporal-dependency as specified by the pre-
and post-conditions, the pre- and post-conditions, the organizational context in which the
MBB can be applied and the ones where it cannot be applied, and a recommendation if
available for the specification of the trigger. If the MBB is a mixinMBB, the related ELMF is
complementingly. In addition, each record sheet has a textual description that delineates the
forces of single tasks and possible consequences of the applying the MBB.

The “describe by interview” MBB, which was derived from the “documenting applications”
part of our pattern solution is used subsequently to exemplify the structure of an MBB as
documented in the BEAMS method base. Further MBBs, especially the MBBs “multi expert
evaluation”, “single expert evaluation”, and “officially gratify standard conformance” which
resulted from our pattern, can be found in Appendix A.1.

Describe by interview

Activity develop & describe
Participating actors enterprise architect, interviewer, information steward
States current state, target state
Pre-condition

Post-condition concern.documented
Organizational context

applicable bottom-up initiative, office tools
not applicable

Trigger yearly, half yearly
ELMF

Table 5.4.: MBB describe by interview

This building block employs an interview-based technique to create the architecture docu-
mentation. Thereby, an interviewer and an information steward meet and conduct
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an interview based on a guideline compiled by the enterprise architect. During the
execution of the interview, the gathered information is documented by the interviewer.
After the completion of all interviews, the enterprise architect transcribes the gathered
information into the repository and compiles an architectural description.

Enterprise architect

Create interview guideline

<N>

Put in repository

<N>

Compile architectural description

<N>

Interviewer

Conduct Interviews

<N>

Information steward

< C >

<R>

Figure 5.22.: MBB describe by interview

Forces

“Telephone” vs. “face-to-face interview”: While a face-to-face interview typically leads to
higher acceptance rate and receives more attention from the information stewards, it can be
more time-consuming and cost-expensive especially in globally spread organizations.

Consequences

∙ This building block follows the pull mechanism principle in execution. Thus, it might
be more conveniently in use for the information stewards, while in contrast being in-
evitably connected to much higher effort, as the conduction requires the development
of a respective guideline for the interview as well as requires a high expenditure of time
from the interviewer for preparing, organizing, and conducting the interview.

∙ Furthermore, time has to be spend in integrating the answers, which might result in
inconsistencies regarding syntactical correctness of an architectural description on the
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one hand and inconsistencies between different descriptions with a common sub-area of
interest on the other hand.

∙ By applying this method, the interviewer can promote the EA management initiative
during the interview. This is especially helpful, if the topic of EA management is newly
introduced or EA management should be promoted to the target community.

5.7. Summary

In this chapter, we described the building blocks for EA management solutions (BEAMS).
BEAMS supplies a development method to design organization-specific EA management
functions using a method base of proven best practices. The central concept of BEAMS, the
method base and the therein interlinked method building blocks (MBBs) are described in
this chapter. The BEAMS method base represents a design theory nexus instantiation as
introduced in Section 2.2.3. Similarly, we understand the contained MBBs as design theories.
In addition to the development method, we present the methods to apply and administer the
method base. MBBs represent modular practice-proven solutions that can be flexibly com-
bined and integrated into a consistent and coherent EA management function that accounts
for the specific situation of an associated organization. This situation is determined by the
specific EA management-related problem and the constraining organizational contexts. We
lay the groundwork for BEAMS in this chapter by defining a modeling language for MBBs,
and delineating how the MBBs contained in the method base are selected, configured, and
integrated into a consistent and coherent EA management function. We discuss how the
method base was initially developed by presenting the administration method to maintain
and evolve of the method base.

The development method consists of four phases: characterize situation, configure EA man-
agement function, analyze EA management function, as well as adapt and evolve the EA
management function. Figure 5.23 illustrates the first three phases. The development method
represents an iterative process to design organization-specific EA management functions tak-
ing one specific situation at a time and developing an appropriate EA management function
in a step-wise manner.

Laying the groundwork for the development method, we present a modeling language for
describing MBBs as contained in the method base in Section 5.1. Thereto, we revisit the
quality criteria for a ‘good’ EA management function as discussed in Section 4.1 and derive
the relevant concepts of our language. We further consider general requirements for modeling
languages as proposed by Frank in [Fr09]. The single constituents of an MBB are introduced in
a stepwise manner and integrated into a conceptual model representing the basis for BEAMS.
Complementing the syntax and semantics definition of our language to model MBBs, we
propose a graphical notation. Thereto, prominent languages for process modeling are revisited
based on the elicited requirements and a notation for modeling MBBs that builds on the
business process model and notation (BPMN) is presented.

Complementing the perspective on MBBs as problem independent method descriptions, Sec-
tion 5.2 presents the environmental concepts of MBBs. These concepts enable the organization
of the method base, i.e. represent the general, context, and solution assertions as discussed
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Characterize situation

Configure EA management
function

Analyze EA management 
function

[all problems addressed]

[one or more remaining
problems]

 
[need for adaptation or

evolution identified]

Figure 5.23.: Activity diagram illustrating the development method

in Section 2.3. Distinguishing between static relationships and links that can be dynami-
cally established during configuration, we introduce the concepts of the organizational context
for which an MBB has proven to be applicable or not applicable and the EA management-
related problem to be addressed. Further revisiting the quality criteria, we introduce the
concept of mixinMBBs which enables interlinking of the EA management function with
other enterprise-level management functions. In addition, we present a technique to specify
existing information sources that contribute to EA management.

In Section 5.3 the variable concept is introduced. Variables are on the one hand used to
interlink the method-related elements of the EA management function with the language
counterpart and to on the other hand enable organization-specific configuration of MBBs.
During configuration of MBBs, we must ensure that the resulting method description is a
consistent one. Two sources of inconsistency exists, i.e. information deficiencies and idle or
misfit triggers. We introduce the concept of pre-conditions and post-conditions of MBBs
to enable a consistent integration. Conditions specify certain characteristics for the associated
information model that must hold to execute an MBB or that must hold after the MBB was
executed. We introduce a defined set of meta-attributes defining a set of characteristics of
an associated information model. Based on the understanding of pre- and post-conditions
we detail the implicit relationships between MBBs. Using these implicit relationships we de-
tail consistency rules (general assertions as discussed in Section 2.3). Finally, we introduce
two different techniques that relate to the aforementioned sources of inconsistency, namely an
assessment technique and a liveliness technique. The techniques build on implicit rela-
tionships between MBBs and the condition concept to assess compliance with the consistency
rules.

Complementing the preparation of the development method, we introduce a distinction be-
tween stakeholder and actor in Section 5.4. Based on this distinction, we present two
techniques to analyze the organizational implementability of an EA management function de-
signed using the BEAMS method base. The stakeholder-involvement technique investigates,
if the designed method informs the stakeholder of the problems on the achieved results and
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the stakeholder-actor-dependency technique makes dependencies between information supplier
and information consumer explicit. Different organizational interventions are supplied that
can be applied based on the resulting dependency matrix.

The different phases of the development method are detailed in a stepwise manner in Sec-
tion 5.2 to Section 5.5. Thereby, we provide an overview on the single steps to be performed
and detail when to use which of the supplied techniques. Furthermore, the concept of an
organization-specific configuration which contains the output of the single phases and reflects
the idea of a central repository typically used during EA management endeavors is introduced.
The theoretic exposition of the development method is complemented with an example. Fi-
nally, we discuss in Section 5.6 how the method base was initially developed using the results
from an industry funded research project. The administration method specifies how the
method base can be maintained and evolved by reflecting the approach to construct a de-
sign theory nexus instantiation and the pattern-based theory building process introduced in
Section 2.3.
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CHAPTER 6

Developing a Prototypic Toolset: The BEAMS Configurator

Theory-based design and development of an EA management function is a complex and error-
prone process for which technical support is helpful. As Brinkkemper stated in [Br96, page 275]
“the application of information systems development methods makes no sense without a proper
automated support tool”. With respect to the context of situational method engineering where
single method fragments are combined into a comprehensive method description, he further
states that such tool functionalities should be extended with “consistency rules [which] are
automatically checked and guarded”. The development method as well as the administra-
tion method presented in Chapter 5 are supported by a corresponding toolset, the BEAMS

configurator. This configurator builds around the method base, i.e., a design theory nexus
instantiation on design theories for EA management. As Pries-Heje and Baskerville describe
in [PHB08] a tool-support complementing a nexus instantiation has to provide capabilities of
decision support systems (DSS). Such systems support human decision makers by providing
them information, processing of data in models, and focusing on effectiveness rather than
efficiency in decision making [Sp93, page 3]. Further, the toolset has to provide knowledge
management (KM) functionalities for administrating the method base. Therefore, especially
functionalities for supporting the preservation, development, and distribution of knowledge,
according to the KM cycle of Probst [Pr98] are needed (see Section 3.1.4). In the following, we
describe the use cases for a BEAMS configurator in Section 6.1. We design such configurator
building on the services of enterprise 2.0 tools (cf. Büchner et al. in [BMN09]) and present
a prototypic implementation of the BEAMS configurator using the open source web-based
platform Tricia [In10] and the BPMN modeling platform Oryx [DOW08a, DOW08b].

The BEAMS configurator is no EA management tool. Such tool is nevertheless required
to implement a method configuration developed using the BEAMS approach. In [Ma08] we
analyzed different EA management tools and showed that the tools greatly differ with respect
to the provided flexibility. In [Bu08a, pages 20-21], we distinguish three characteristics for EA
management tools, namely
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metamodel driven tools provide maximum flexibility concerning adaptations of the information
model incorporated in the tool and with respect to the used method. Therefore, strong
metamodeling capabilities are incorporated in the underlying repositories.

methodology driven tools typically provide a comprehensive predefined information model to-
gether with a set of predefined visualizations, and methods for documentation, commu-
nication, and analysis. In these tools, minor adaptations with respect to the languages
and methods are possible.

process driven tools which provide maximum guidance for EA management and can be seen
as an extension to the methodology driven ones. They complement the predefined lan-
guages with defined workflows. Thereby, the whole EA management process is defined,
providing procedures and specifying activities that have to be conducted to perform EA
management.

A method configuration resulting from the development method can be implemented by the
flexible metamodel driven tools. Methodology driven tools can also be suitable for implement-
ing a method configuration, as long as the tool’s predefined methodology is similar to the
configured method. In addition, wiki-based systems can be used to implement the configured
EA management methods. Wiki-based systems have proven to be useful in the context of ar-
chitecture documentation (cf. Bachmann and Merson in [BM05]). In [Bu09h] and [Bu11c] we
present a “lightweight” approach to EA documentation and analysis using wikis. Hence, wiki-
based systems focus on text-based documentation of EA-related information and typically do
not provide methodical support by workflows.

6.1. Use cases of the BEAMS configurator

In this section we describe the use cases supported by the BEAMS configurator. The BEAMS
configurator supplies two core functionalities: Firstly, it supports the enterprise architect in
developing organization-specific EA management functions, i.e., it supports the development
method. Secondly, it provides mechanisms for the administrators that maintain and evolve
the method base, i.e., execute the administration method. Central element of the con-
figurator is the method base containing best-practices to design EA management functions.
This method base is stored in the configurator and is made accessible to the users of the
tool. The activities of the development method, namely characterize situation, configure
EA management function, and analyze EA management function form three groups
of use cases that the configurator has to support. In addition, the following use cases are
supported:

UC01 Browse BEAMS method base The users can search and browse through the different
catalogs of BEAMS:

UC01a Browse catalog of organizational contexts The users can find an organizational
context by name or by full-text content and can view its description.

UC01b Browse catalog of goals The users can find a goal by name or by full-text content
and can read through the goal description.
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UC01c Browse catalog of participants The users can find the participants defined in
BEAMS and can view their definitions.

UC01d Browse catalog of MBBs The users can find and access MBBs, i.e., can view their
descriptions in diagrams and text.

UC02 Access configuration The users can access the current organization-specific configura-
tion:

UC02a Browse configuration The users can see the constituents of the current configu-
ration, i.e., can view the specified organizational contexts and goals as well as the
selected MBBs and their configurations.

UC02b Export configuration The users can export the organization-specific configuration
in a defined format either for importing into a configurable EA management tool
or for communicating the method’s structure.

In Figure 6.1 we describe the use cases and their interplay in a UML 2.0 use case dia-
gram [Ob10e, pages 603–621].

Subsequently, we briefly describe the use cases reifying the development method:

UC03 Select context Based on the catalog of organizational context, the users select the con-
texts that apply to the organization under consideration. By selection, the corresponding
context is added to the organization-specific configuration.

UC04 Select problem The users select an EA management-related problem that a stakeholder
would like to be addressed by the EA management function. Thereto, the users have to
perform different sub-activities as follows:

UC04a Specify stakeholder The users specify the stakeholder, whose problem is to be
described subsequently.

UC04b Select goal The users select the problem’s constituting goal from the catalog of
goals.

UC04c Select concern The users select the problem’s concern from the catalog of con-
cerns.

UC05 Select MBB The users select an admissible MBB from the catalog of MBBs. The con-
figurator therefore filters the catalog via the technique for assessing whether an MBB is
admissible in the organizational context as described in the organization-specific config-
uration.

UC06 Customize MBB The users bind the different variables specified in the MBB to corre-
sponding values. The information model variable is automatically bound to the infor-
mation model representing the selected problem. The customized MBB is integrate to
the method of the organization-specific configuration. The following sub-activities have
to be performed:

UC06a Customize trigger The users supply a trigger for the MBB’s trigger variable. The
configurator supports the selection by background analyses of the trigger specifica-
tion and determines, whether the trigger can be fired or is idle.
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Figure 6.1.: Use case diagram illustrating the development of an organization-specific EA man-
agement function

UC06b Customize participant The users bind the participant variables of the MBB to
organizational roles. Newly added roles are further stored in the organization-
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specific configuration and used to recommend roles, during the next execution of
UC06b.

UC06c Customize viewpoint The users develop a viewpoint for supplying or requesting
information from a method’s participant. The configurator ensures that a viewpoint
of an appropriate type (notation or representation) is supplied.

UC07 Analyze stakeholder involvement The users analyze the organization-specific configura-
tion and determine, which tasks are executed to satisfy the information demands of which
stakeholders. Further, the analysis determines which actors have to perform these tasks
to provide the relevant information.

Above use cases describe the tool’s functionality from the perspective of the enterprise architect
using the method base to develop an organization-specific EA management function. The
BEAMS configurator further provides support for the administration of the method base.
The use case diagram in Figure 6.2 details the required functionality from the perspective of
the administrator.

Administrator

Add org.
context

Add participant

Add MBB

Add goal

Link organizational
context

Classify MBB

Model MBB

«includes»

«includes»

«includes»

Add meta
attribute

«includes»

Define participant 
relationship

Establish lower
bounds

«includes»

Browse
method base

Figure 6.2.: Use case illustrating the administration of the method base

Subsequently, we textually describe the supported use cases available to the administrators of
the method base (except for the already explained UC01 browse method base).
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UC08 Add organizational context The administrators define a new organizational context and
supply a description of the corresponding environmental factors.

UC09 Add goal The administrators define a new goal together with a corresponding opera-
tionaliziation thereof via an information model.

UC10 Add participant The administrators describe a new type of participant involved in at
least one task.

UC11 Add meta attribute The administrators describe a new meta attribute and specify how
this meta attribute relates to the already existing meta attributes.

UC12 Add MBB The administrators add a new MBB consisting of different relevant descrip-
tions, which are created in the sub-activities:

UC12a Link organizational context The administrators describe under which organiza-
tional contexts the MBB is applicable and denote contexts, which are detrimental
to the MBB’s successful completion.

UC12b Model MBB The administrators create a graphical specification of the MBB’s
tasks, flows, and variables using the graphical notation as presented in Section 5.1.2.

UC12c Classify MBB The administrators specify the EA management activity to which
the MBB contributes, delineate relationships to other enterprise-level management
functions, and designate the EA states, onto which the MBB can be applied.

UC12d Define participant relationship The administrators link the MBB’s participant
designators to the participants in the corresponding catalog.

UC12e Establish lower bounds For any variable in the MBB model, the administrators
supply lower bounds, if necessary. Thereby, relationships to triggers, information
model building blocks, and participants are established.

With respect to the evolutionary nature of the method base, especially use case UC01 is
subject to an additional requirement. The administrators must have the option to browse and
view not only the latest version of the contents of the method base, but also historized versions
thereof. As already discussed at the beginning of this section and in Section 2.3 the BEAMS
configurator is not an EA management tool, but a tool for supporting the meta-activity of
designing an EA management function. A variety of tools providing support for executing
EA management already exist (cf. [Ma08, pages 353-354]). Therefore, tool support for the
execution of an EA management function itself is not in the scope of this thesis. Another
use case is concerned with measuring the performance of the EA management function. As
the BEAMS configurator is no EA management tool, tool-based support for performance
measurement is not part of the BEAMS configurator.

6.2. Design of the BEAMS configurator

The use cases delineate the functionalities that the BEAMS configurator has to support.
Central to the design of such configurator is the realization of the method base. This method
base contains textual content describing the participants, goals, and organizational contexts.
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Further, the MBBs provide combined content with both a textual part and a structured part
in form of a diagrammatic method description. The different types of contents are interlinked
with each other and are accessed by different ways of searching. The decision support char-
acteristic of the tool-support for the development method is complemented with knowledge
management characteristics needed for the administration method. These characteristics are
both covered by enterprise 2.0 tools. In the following, we explore how typical services offered
by enterprise 2.0 tools can be used to realize the use cases delineated in Section 6.1. In our
analysis, we build on a service catalog1 described by Büchner et al. in [BMN09]. In the
following the fourteen core categories of services are described and the use cases supported by
the particular service category are given in brackets:

Authoring targets the collaborative, web-based creation and manipulation of content (UC08–
UC12). An exemplary capability provided by enterprise 2.0 tools in this context is
structuring of content by templates (UC08–UC11). Furthermore, support for tables,
images, and other media objects is provided (UC12), as well as functionalities to export
content (UC02a).

Link management reflects services to handle references to content, e.g. wiki pages, files, or im-
ages (UC08–UC12). Supporting functionalities for link management are e.g. automatic
propagation of link updates or labeling of invalid links.

Personalization provides services to present content in a user-specific form or to present user-
specific content (UC02).

Revision management contains functionalities for tracing changes and evolution of con-
tent (UC01), e.g. by version control, audit trails, restoring old versions, or restoring.

Search centers around services to find content (UC01). Typical services provided by enter-
prise 2.0 tools are sorting of search results, full-text search over different content, storing
of searches, and highlighting of search results (UC07). In addition, detailed searches are
frequently provided which enable filtering of the search results or supporting text search
features as and, or, not operators or wildcards (UC01).

Tagging supports the development and establishment of a bottom-up categorization system.
Different services provided by enterprise 2.0 tools are private tags which are only visible
for the creator (UC02), support for tag creation, and tag support for all content types.

For the development method especially the searching and the tagging services are of interest.
These services support the identification and selection of admissible MBBs. The enterprise
architects use personal tags to link customized versions of an MBB to the original MBB.
Specialized search mechanisms can be used to implement our assessment and liveliness tech-
niques. For the administration method, the services for authoring and link management are
relevant. These services can be used to on the one hand enable collaborative development and
evolution of MBBs, contexts, goals, and concerns, as well as to support the organization, i.e.,
interconnection, of the method base on the other hand.

1A detailed description of the service catalog used to evaluate different enterprise 2.0 tools can be found at
http://wwwmatthes.in.tum.de/wikis/enterprise-2-0-tool-survey-2010/home (cited 2011-02-14)
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6.3. Prototypic implementation of the BEAMS configurator

Our prototypic implementation of the BEAMS configurator is based on the open-source frame-
work Tricia [In10]. This framework enables the development of enterprise 2.0 tools by providing
extension points and a plugin mechanism following a data model-driven-approach. A broad
range of the services of enterprise 2.0 tools is delivered out-of-the-box by Tricia and existing
plugins (cf. Büchner et al. [BMN09]). Among these services is a wiki plugin building the foun-
dation of our method base. For the prototypic implementation of the BEAMS configurator, we
further use Oryx2 an open and extensible web-based modeling framework originally developed
for business process modeling [DOW08a]. The plugin-based extension mechanism of ORYX
and the “stencil technology” allow to extend the framework to support other domain-specific
modeling languages [DOW08a, pages 383–384].

Subsequently, we illustrate how the use cases identified in Section 6.1 are supported by our
prototypic implementation. In particular, we revisit how the enterprise 2.0 services identified
by Büchner et al. in [BMN09] are used to realize the prototypic BEAMS configurator and
illustrate the realization of our prototype by screenshorts. Our BEAMS configurator builds
on the Tricia core and different plugins:

core which provides basic abstractions required by all applications of the domain, e.g. user
profiles, groups, memberships, login, and registration procedures [BMN10],

wiki plugin that supports storing, accessing, and manipulating content in wiki pages and
wikis [BMN10],

hybrid wiki plugin that provides an open templating mechanism that enables to store structured
(key value pairs) and unstructured information in a wiki page [Bu11c, pages 140–147],
and

model editor plugin that enables creation, manipulation, and storage of models using the Oryx
model editor and predefined StencilSets [Di10].

6.3.1. Browse and administrate the method base

The wiki plugin of Tricia provides a what you see is what you get (WYSIWYG)-editor that
can be used to manage the content of the method base, e.g. to create wiki pages describing
a specific organizational context or defining a participant (UC08–UC12). Figures can be
included in pages to provide overviews and entry points for the different catalogs (UC01).
Wiki pages are further used to document MBBs. Therein, the following constituents of an
MBB have to be presented:

1. a model that describes the method fragment using the BPMN-like notation (cf. Sec-
tion 5.1.2),

2. structured information to define the concepts linked to the MBB in the method base,
and

3. unstructured information, e.g. additional textual description of an MBB.

2For more details on the Oryx project see http://bpt.hpi.uni-potsdam.de/Oryx/ (cited 2011-02-04).
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Tricia supports to store and to browse wiki pages and thereby MBBs by the three plugins
as introduced above. Structured information is stored using the Tricia hybrid wiki plugin in
open templates [Bu11c, pages 139–146]. Thereby, a wiki page is equipped with key-value-pairs
that relate to the type of the page expressed via a tag, e.g. “mbb”. Each type is associated
to a certain template that defines the admissible keys. For the type “mbb” the following
keys are defined: ELMF, participants, states, name, activity, pre-condition, post-condition,
organizational context (applicable in and not applicable in), and trigger. The values of the
attributes can contain hyperlinks to the wiki pages describing related elements. Empty values
are permitted for the keys ELMF, pre- and post-condition, organizational context, and trigger.
The graphical model of the method is created using the model editor plugin developed by
Dierl in [Di10]. This plugin enables the creation, manipulation, and representation of models
in Tricia. We provide a dedicated StencilSet that incorporates the syntax and notation of
our modeling language (cf. Section 5.1) to support modeling (UC12b) and customization of
MBBs (UC06). Figure 6.3 illustrates the realization of our BEAMS configurator to define and
customize MBBs.

Figure 6.3.: BEAMS configurator: editor for modeling MBBs

The model editor plugin allows to embed models in a wiki page. Besides structured information
and a model a wiki page can also contain unstructured content. The unstructured content is
used to textually summarize the MBB and for describing the forces as well as consequences
associated with the MBB. Figure 6.4 displays a screenshot from the BEAMS method base3 and
highlights the different parts of an MBB description. The value of the trigger attribute is left

3The BEAMS method base is as available at http://wwwmatthes.in.tum.de/wikis/beams/

home(2011-02-07).
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empty as no recommendations or restrictions for the trigger are defined by the MBB. Figure 6.4
additionally illustrates the back referencing feature of the Tricia hybrid wiki plugin [Bu11c,
page 145]. In the template section “references”, all “incoming links”, i.e., wiki pages that
contain references to the current page, are listed.

Figure 6.4.: Method base: a wiki page describing MBBs

6.3.2. Develop the EA management function

The search services of Tricia can be used to create a personalized dashboard that lists the
selected organizational contexts, problems, participants, etc. and the configured method de-
scription (UC02). Figure 6.5 illustrates such a dashboard for the fictitious example created in
Chapter 5.

The user is supported by our BEAMS configurator during the configuration of MBBs in
different ways (UC06). During customization of MBBs, the model editor ensures that only
valid MBB descriptions are created. In addition, the auto completion and suggestion services
of Tricia support the user during renaming activities as well as in establishing links in the
method base (UC12a, UC12d, UC12e). The integration of different MBBs (UC06) is supported
by a dedicated plugin that takes an enumeration of MBBs as input and provides one method
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Figure 6.5.: BEAMS configurator: dashboard of the fictitious example

description as output. The result from integrating the MBBs specified in the fictitious example
(cf. Figure 6.5) is illustrated in Figure 6.6.

Advanced search operations, e.g. AND, OR, and NOT operators, filtering, sorting, and high-
lighting of search results are in particular interesting for our BEAMS configurator. The Tricia
platform provides full-text search over all content also including the Oryx-based MBB models.
These search capabilities can be used to identify admissible MBBs based on the organization-
specific configuration (UC03), i.e., the selected contexts as well as already configured MBBs.
Thereby, the platform realizes the assessment technique for prioritizing the MBBs. The re-
sults of such search performed for our fictitious example from Chapter 5 is displayed in Fig-
ure 6.7. The search service can additionally be used to search the organization-specific con-
figuration, e.g. to identify method fragments that are impacted by a changed organizational
context (UC02a).

A dedicated plugin of our BEAMS configurator analyzes the stakeholder involvement in an
organization-specific configuration. The plugin searches the graphical model description of a
selected MBB and identifies the occurrences of a dedicated stakeholders, yielding one of the
following three results:

participant not found if the stakeholder is not represented in the method,

participant not informed if the stakeholder is represented in the method but is not involved in
any task, and

participant informed if the stakeholder participates in the method, i.e., is either responsible,
consulted, or informed in at least one task.

Based on the search services of the Tricia toolset further plugins can be implemented that
realize the liveliness techniques for the trigger specification or that analyze stakeholder-actor-
dependencies.
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Figure 6.6.: Not customized method resulting from MBB integration

Figure 6.7.: BEAMS configurator: results from applying the assessment technique
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6.3.3. Exporting the EA management function

The Tricia platform provides a functionality to export the content of wiki pages in Adobe R○

Portable Document Format (PDF) [Ad06]. This export contains both the unstructured and
the structured information supplied on the page. The model editor plugin supports export-
ing the model in JavaScript Object Notation (JSON)4, PDF, and Scalable Vector Graph-
ics (SVG) [W308] formats. Further, the Tricia platform provides a “clone” functionality.
Cloning of wiki pages or wikis can be used to export the organization-specific configuration to
another wiki that can subsequently be used as lightweight EA management tool in the sense
of [Bu11c] (UC08).

According to the service catalog of Büchner et al. [BMS09b] enterprise 2.0 tools provide
collaboration support by access control for different content objects, feedback mechanisms,
social networking via user groups, or awareness via notifications. The Tricia toolset, on which
the BEAMS configurator is based, provides different functionalities as e.g. access control,
version control, and feedback mechanisms that can be used to facilitate the evolution and
administration of the method base.

6.4. Summary and conclusion

In this chapter we present the BEAMS configurator, a prototypic tool support for BEAMS
that realizes the nexus-bases IS generator as discussed in our research method (cf. Section 2.3).
The BEAMS configurator is no EA management tool but incorporates functionalities of DSS
and KM tools to support an enterprise architect in using the BEAMS method base. The
BEAMS configurator helps the enterprise architect to apply our development method and the
techniques presented in Chapter 5 to design an organization-specific EA management function.
The prototypic implementation demonstrates feasibility of the development method and shows
the inner consistency of the method base.

In Section 6.1 we prepare the implementation and derive uses cases for the BEAMS con-
figurator from the perspective of its users. We distinguish between use cases supporting the
development method and ones supporting the administration method. Two auxiliary use cases
are relevant to both methods and are hence presented separately. Each of the twelve use cases
is textually described and its implications on the method base or the organization-specific
configuration are discussed.

The design of the prototypic implementation is presented in Section 6.2. We decide to realize
the BEAMS configurator on the basis of an enterprise 2.0 tool. This decision is justified by
an analysis showing that the use cases can be supported by typical services of such tools as
identified by Büchner et al. in [BMN09]. Table 6.1 provides an overview how the services of
enterprise 2.0 tools relate to the use cases of the BEAMS configurator.

The functionalities to collaborative knowledge exchange (authoring) and the searching func-
tionalities are important for our BEAMS configurator. Use case UC06 configure MBB is not
directly supported by a typical enterprise 2.0 service. We decide to develop a corresponding
functionality based on a web-based modeling tool Oryx [DOW08a, DOW08b].

4For more information see www.json.org (cited 2011-02-07).
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Authoring
Link man-

agement

Personali-

zation

Revision

manage-

ment

Search Tagging

UC01   
UC02    
UC03  
UC04  
UC05  
UC06

UC07  
UC08   
UC09   
UC10   
UC11    
UC12   

Table 6.1.: Realizing use cases of the BEAMS configurator by enterprise 2.0 services

In addition to the theoretic discussions, we present a prototypic implementation of the BEAMS
configurator based on the open-source web-collaboration platform Tricia [In10] and the web-
based modeling platform Oryx in Section 6.3. Both platforms are integrated to provide

∙ support for the modeling language for MBBs by the model editor plugin [Di10],

∙ support for storing structured and unstructured information by the hybrid wiki plu-
gin [Bu11c], and

∙ support for the assessment technique and analyses by specialized plugins.

The prototypic implementation of the BEAMS configurator does not provide step-by-step
support for developing organization-specific EA management functions, but demonstrates the
feasibility of the method, and the incorporated techniques, as well as the consistency of the
method base. To provide comprehensive support for the enterprise architect, we currently
develop a wizard-based support that guides the user through the steps of the development
method using the plugins presented above. An application of the BEAMS configurator in
practice is presented in Chapter 7. One extensions of the prototypic implementation could
be the export of executable workflows for EA management tools, e.g. using business process
execution language (BPEL) [OA07]. Other extensions could graphically represent the anal-
ysis results, e.g. using the system cartography tool [Bu07a], or provide more sophisticated
collaboration support, e.g. via automated notification.
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CHAPTER 7

Evaluating and Applying BEAMS

In the last step of our research method presented in Section 2.3 We evaluate BEAMS. Evalu-
ation is an essential part of any design-oriented research (cf. Walls et al. [WWES92, page 41],
Hevner et al. [He04, page 85–87], as well as Verschuren and Hartog [VH05]). The objec-
tive of evaluation in the context of design science research is to demonstrate the utility of
the designed artifact and the provided innovation. A variety of different approaches to eval-
uate design-oriented research results exist (cf. Hevner et al. [He04, page 86] or Wilde an
Hess [WH07]). Researchers as Fettke and Loos in [FL03] or Siau and Rossi in [SR08] advocate
for a multi-perspective evaluation. Thereby, different characteristics of the design artifact can
be evaluated with appropriate methods, which hence enhances validity of the evaluation of the
design artifact as a whole. We use a threefold approach to evaluate BEAMS in this chapter
and evaluate BEAMS firstly from a theoretic perspective, secondly against the state-of-the-art,
and thirdly in practice using observational case studies.

Rigorously conducted research according to Becker [Be10, page 16] requires an evaluation of
the design artifact against the objectives of the research program. In Section 7.1 we refer to the
quality criteria for a ‘good’ EA management function as discussed in Section 4.1.1 to perform
a theoretic evaluation of our development method. We argue that any EA management
function designed using our development method fulfills these quality criteria ‘per design’.
Furthermore, we revisit the requirements for the development method from Section 4.1.2 and
discuss how they are satisfied by BEAMS. Finally, we apply the general characteristics of
design science research according to Hevner et al. [He04] to understand the quality of our
research outcome.

A core quality criteria of design science research according to Verschuren and Hartog [VH05,
pages 749] is the innovation of the design artifact. Section 7.2 demonstrates that BEAMS is an
innovative design artifact. We compare BEAMS with prevalent EA management approaches.
Using the analysis framework presented in Section 3.2, we show that BEAMS on the one hand
builds on the current state-of-the-art and on the other hand supplies an innovative ‘meta-
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process’ that facilitates its adaptation and evolution. We further demonstrate the utility of
BEAMS by assessing the development method against the background of a fictitious case
presented in literature. We show that skilled enterprise architects who use the development
method, design a similar EA management function as provided by the literature example. We
illustrate that BEAMS can be used in combination with other approaches and detail how it
can be used to complement the ADM of TOGAF.

An empirical evaluation of BEAMS can be performed by applying the development method
in practice. Section 7.3 presents the findings from two case studies in which the development
method was applied in real world settings. We discuss how BEAMS was used and outline the
application of the development method in cooperation with industry partners to (re-)design an
organization-specific EA management function. The case studies originate from the financial
industry and the public sector. We report the findings gained during the application and
discuss the utility of the development method in such cases.

7.1. Theoretic evaluation against the characteristics

During the theoretic evaluation, we evaluate BEAMS from the utilitarian perspective and
investigate how it facilitates the design of ‘good’ EA management functions. In line with
the procedure proposed in the research method in 2.3, we evaluate the development method
by revisiting the quality criteria, requirements, and the general research guidelines as dis-
cussed in Section 4.1. The development method and the underlying method base are thereby
subsequently subjected to an argumentative evaluation process.

We used the quality criteria Q1 to Q9 in Section 5 to guide the design of BEAMS and its
single constituents. The MBBs contained in the method base are interlinked with the organi-
zational contexts in which they have proven to be applicable or in which they have proven not
to be applicable. In the development method, suitable MBBs are selected based on a charac-
terization of the situation such that Q1 is fulfilled for the resulting EA management function.
The characterize situation phase of the development method further identifies the stake-
holders and their specific problems, which are used as input to the configuration (Q2). The
configuration of MBBs as part of the development method is completed, if MBBs belonging to
the develop & describe, communicate & enact, and analyze & evaluate activity are chosen. At
this point, methods to document, analyze, and communicate (Q3) the selected area-of-interest
are defined. During the configuration of a single MBB, the enterprise architect has to specify
when the method fragment is executed (trigger) and who is responsible for executing the single
tasks. Therefore, quality criterion Q4 is fulfilled for the resulting EA management function.
The EA artifacts used in the different tasks to gather and provide architecture information
have to be defined during the configuration of an MBB. Whereas the area-of-interest is already
defined in the characterize situation phase, the corresponding visualization is specified by
selecting a respective viewpoint. Viewpoint and area-of-interest together define an EA model-
ing language used to create EA artifacts (Q5). The development method uses the assessment
technique to ensure that only admissible MBBs can be selected for integration. Similarly, the
assessment technique allows to identify inconsistencies in a method description. Executability
of the EA management function is ensured by the techniques for investigating organizational
implementability (Q6). Further, the method base provides the mixinMBB concept to define
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links to other ELMFs (Q7). The operationalization of the EA management-related problems
defined in the characterize situation phase of the development method supports perfor-
mance measurement and enables adaptation of the EA management function by an explicit
linking to the associated method fragments. Such that quality criteria Q8 can be regarded
fulfilled, if a respective operationalization of the problem into measurable questions is found.
The implicit relationships between MBBs as maintained by the method base can be used to
derive possible evolution paths such that Q9 is fulfilled.

In Section 4.1.2, we also elicited requirements with respect to BEAMS. Therein, require-
ment R0 is fulfilled by design, i.e., quality criteria Q1 to Q9 are satisfied ‘per design’ using
the techniques of BEAMS. BEAMS is a comprehensive approach to design EA management
functions that requires familiarization with the underlying terminology and conceptualization.
The administration method that maintains and evolves the method base specifies a proce-
dure to re-organize, structure, and integrate practice-proven solutions to extend the method
base (R4). The method base has been initially developed using the administration method
and a set of practice-proven solutions thereby satisfying requirement R2. The development
method guides the user during the (re-)design of an organization-specific EA management
function in the development method by dedicated techniques that ensure that the resulting
method description is a consistent and coherent one (R3). In Section 6 we discuss how services
provided by enterprise 2.0 tools can be used to develop tool support for BEAMS. Based on
these results we discuss a prototypic implementation of the BEAMS configurator (R5). The
two remaining requirements (R1) and (R6) require more in-depth discussions. We will come
back to them in Sections 7.3 and 7.2.2, respectively.

The final part of our theoretic evaluation is an assessment of the quality of our research out-
come with respect to the general design research guidelines proposed by Hevner et al. [He04]:

Design as an artifact The contribution of this thesis is BEAMS, an approach to design
organization-specific EA management functions. In this thesis, we develop constructs
and models to link MBBs to organizational contexts. We discuss how to configure the
method descriptions to organization-specific needs, e.g. roles, viewpoints, and triggers.
We present the development method that supports users to select, configure, and inte-
grate MBBs. Finally, we introduce a prototypic toolset, the BEAMS configurator, which
instantiates our contribution.

Problem relevance A plurality of approaches to develop EA management functions has been
proposed by researchers and practitioners (cf. Section 3). These approaches neverthe-
less do not account for the organization-specificity of EA management. BEAMS is an
innovative approach to design organization-specific EA management functions. It incor-
porates existing best practice knowledge and provides sophisticated techniques to ensure
organizational implementability of the developed EA management function.

Design evaluation The evaluation of the development method pursues a threefold approach.
First, we assess the quality of BEAMS with respect to the defined requirements using
argumentative evidence (cf. Section 7.1). Second, the innovation of BEAMS is evaluated
against the state-of-the-art (cf. Section 7.2), and third, we use observational case studies
to show the utility of BEAMS. Latter evaluations do not include an evaluation of the
long-term utility of the resulting EA management functions, as the necessary period of
observation is beyond the scope of a single doctoral thesis. Nevertheless, we performed
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a subjective assessment with respect to the utility of the resulting EA management
functions by challenging its practicability by experienced practitioners (cf. Section 7.3).

Research contributions BEAMS contributes new foundations for developing organization-
specific EA management functions. Furthermore, the research approach taken in this
thesis (cf. Section 2.3) contributes to the development of research methodologies. It
presents a systematic research method for pattern-based theory building in research
environments with high practitioner involvement.

Research rigor The development of BEAMS is performed according to the research method
outlined in Section 2.3. In addition, the development method and the underlying method
base are developed based on theoretical foundations of the discipline and its literature
(cf. Section 3.3 and Section 4.2). The utility of BEAMS is complementingly evaluated
from a theoretic and practical perspective in this section.

Design as a search process The central contribution of the thesis, the BEAMS development
method is designed based on the findings of a previous artifact, the EA management
pattern catalog (cf. Section 4.2.4). Furthermore, the underlying method base of orga-
nized practice-proven solutions can be iteratively enhanced and improved if new solutions
are identified. In this vein, this thesis reflects the principle of design as a search process
in a twofold way, namely on the instance and meta-level.

Communication of research The findings of this thesis, or preliminary stages thereof, are com-
municated in various ways. Different scientific papers have been presented and dis-
cussed in front of the scientific communities of computer science (cf. [BMS10c, BMS10j,
BMS10a]) and information systems (cf. [Bu10a, BMS10k, BMS11, Bu11a]). BEAMS
was further presented to students as part of the lecture software engineering for busi-
ness applications—master course: enterprise architecture management1 and to the com-
munity of EA management practitioners in different presentations and workshops (e.g.
EAMKON2010 and EAMKON20112.

7.2. Comparing BEAMS with the state-of-the-art

The theoretic evaluation assesses the quality of BEAMS from a utilitarian perspective. We sub-
sequently provide an evaluation against the state-of-the-art. Thereby, we show that BEAMS
represents an innovative artifact, which covers more relevant aspects of EA management than
prevalent approaches. BEAMS provides means to account for organization-specific aspects
and supplies techniques to ensure organizational implementability of the resulting EA man-
agement function. Such means are not present in current EA management approaches.

As basis for our comparison, we classify BEAMS along the analysis framework from Section 3.2.
Table 7.1 summarizes the classification, which is subsequently detailed.

With the concept of mixinMBBs BEAMS provides dedicated techniques to ensure a bidirec-
tional integration of the EA management function with other ELMFs. The MBBs contained
in the method base reflect the activities develop & describe, communicate & enact,

1See http://wwwmatthes.in.tum.de/wikis/sebis/vorlesung-eam (cited 2011-02-11) for more details.
2See http://www.eamkon.de/ (cited 2011-02-14) for more details.
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Integration unidirectional bidirectional

Develop & describe current planned target principle question
Communicate & enact current planned target principle question
Analyze & evaluate current planned target delta analysis

Configure to organizational context scope and reach
Adapt to organizational context scope and reach

Table 7.1.: Method classification for BEAMS

as well as analyze & evaluate. Nevertheless, best practice solutions with respect to ques-
tions operationalizing goals are currently scarce in practice and therefore not yet reflected
in the method base. With the administration method at hand, newfound solutions provid-
ing questions can be integrated into the method base. The development approach used by
BEAMS explicitly accounts for the aspect of configurability and adaptation concerning both
organizational contexts as well as scope and reach of the endeavor.

We subsequently revisit a fictitious case from literature to demonstrate how BEAMS is applied
by a skilled enterprise architect. Therein, we show that the resulting EA management function
is similar to the one proposed in literature (cf. Section 7.2.1). In Section 7.2.2, we further
outline how BEAMS can be used to complement other approaches by using the example of
the ADM of TOGAF.

7.2.1. Revisiting a fictitious case from literature

We subsequently sketch a fictitious case from literature to assess the utility of BEAMS. Fic-
titious cases in literature typically strongly reflect the general approach presented by their
authors such that they can be regarded as ‘objective assessment’. We show that a familiarized
user can achieve similar results by applying our BEAMS approach. We choose the case of
ACME Energy presented by Johnson and Ekstedt in [JE07, pages 293–306] to demonstrate
the applicability of our development method. Thereto, we present excerpts from the case
description below, extract the required input information for our development method, and
discuss results from applying the method.

The situation at ACME Energy is described in [JE07, pages 293–296] as follows: ACME
Energy is one of Europe’s largest energy utilities. The organization is globally distributed
with a shared service business group providing services that are used across different business
units. The benefits of an EA management function are known at ACME Energy and the issue
receives top management attention. Furthermore, a dedicated modeling application is used to
support the EA management endeavor. This tool provides flexible modeling capabilities and
serves as a central repository for EA-related data.

Based on the above excerpt from Johnson and Ekstedt [JE07], we assume that the following
organizational contexts apply:

∙ top-down initiative

∙ federated IT department

∙ specialized EA management tool

245



7. Evaluating and Applying BEAMS

The goal pursued by the EA management endeavor of ACME Energy is described as “the
building of flexible information systems” [JE07, page 297]. The goal is further detailed to
the criterion of maintainability and different influencing factors thereof. We abstain from
discussing the model-related aspects of the fictitious example and focus on the method-related
part in the following. At ACME Energy a general process to document and maintain the
current and target state of the EA is defined, such that a high level overview of both states is
available. ACME Energy wants to establish a detailed planning for their EA evolution.

In the terminology of BEAMS the EA management-problem of ACME Energy relates to the
abstract goal “improve capability provision” and a concern targeting planned states of the EA.
With the characterization of the situation at hand, we iteratively search the BEAMS method
base for admissible MBBs. Table 7.2 presents the results of applying the assessment technique.
Thereby, a ( ) indicates that the MBB is applicable in the respective organizational context.

MBB top-down initia-

tive

federated IT

department

specialized EA man-

agement tool

Describe by cen-

tral repository

  

Describe by ques-

tionnaire

  

Describe by work-

shop

 

Describe by inter-

view

Table 7.2.: ACME Energy: results from applying the assessment technique

According to the fictitious case described in [JE07, page 299], the business information of-
ficer (BIO) “sent out her enterprise architects to collect the information [...] by identifying
the main information sources”. Although no detailed description how this collection is per-
formed is given, the employee “Mr. Andersson” is mentioned, who provides the information.
For collecting the information, any of above MBBs can be used. We consistently assume that
Mr. Andersson is interviewed. After deciding how to develop the two planned states of the EA,
called scenarios in Johnson and Eksted [JE07], we apply the assessment technique to select
the next MBB. The result of applying the assessment technique is shown in Table 7.3.

MBB top-down initia-

tive

federated IT

department

specialized EA man-

agement tool

Publish architec-

tural description

  

Quantitative

assessment

 

Approve architec-

ture description

 

Ensure informa-

tion consistency

Table 7.3.: ACME Energy: results from applying the assessment technique (second iteration)
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At ACME Energy, the BIO decides to perform a quantitative assessment of the two scenarios
using Bayesian analysis [JE07, page 303]. The results of the assessment are communicated, i.e.,
the BIO is responsible for updating the intranet web pages [JE07, page 296]. This reflects the
activity of communicate & enact, for which an MBB to publish architectural descriptions
on the intranet is chosen (cf. Section A.1).

We above sketched that a skilled enterprise architect using the development method, can come
up with a similar method for the EA management function as provided by a fictitious case from
literature. At some points, we had to assume which MBB in detail would have been chosen. In
contrast, at other points in the design of the EA management function the BEAMS framework
only provided abstract method descriptions. This can be exemplified along the quantitative
assessment for which BEAMS only details how a quantitative assessment generally takes place
and who should be involved. BEAMS does not propose the techniques of Bayesian analysis
(cf. Johnson and Ekstedt [JE07, page 303–306]). Summarizing the findings, we can state
that BEAMS provides a general framework and detailed method descriptions for designing
EA management functions incorporating best practices as proposed in literature but can also
be used in combination with other approaches as we will illustrate subsequently.

7.2.2. Combining BEAMS with other approaches

TOGAF is a widely used and accepted EA management framework (cf. Section 3.3.5). On
more than 800 pages, the framework discusses various aspects of EA management and provides
the ADM as central methodical contribution. The embracingness of the textual description
of TOGAF that needs to be investigated, makes it hard to find the relevant contributions. In
addition, the method descriptions provided by TOGAF’s ADM remain on a rather abstract
level such that an organization willing to establish an EA management function based on
TOGAF is left alone with the organization-specific design of the single phases.

In [Bu11a], we detail how the ADM of TOGAF can be complemented with the MBBs as
provided by BEAMS. Figure 7.1 details a mapping between the single phases of the TOGAF
ADM and MBBs as provided by BEAMS that can be used to detail the single phases based
on the specific situation of the organization.

A detailed description how BEAMS and TOGAF can be successfully combined is given
in [Bu11a]. The theoretic exposition is complemented by an application example using the
frequently used problem “increasing homogeneity of the application landscape”.

7.3. Observational case studies

We subsequently present two case studies that result from projects with partnering enter-
prises. In the case studies, the development method of BEAMS was used to (re-)design an
organization-specific EA management function. The main objective of the presented case
studies is to demonstrate applicability and utility of our development method. We addition-
ally report on the lessons learned and identify potentials for improvement. The partnering
organizations in which the case studies were conducted, belong to different industry sectors,
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MBB: Develop target state based on potential for improvement

MBB: Aggregate analysis results based on prioritization

MBB: Pattern-based analysis

MBB: Control adherence to business capabilities

MBB: Control adherence to conditions

MBB: Develop by group discussion

MBB: Quantitative assessment

MBB: Perform single expert evaluation

MBB: Multi expert evaluation

MBB: Develop target state based on business strategy

MBB: Develop target state in strategy board

MBB: Describe automatically by crawler

MBB: Describe by central repository

MBB: Describe by workshop

MBB: Describe by interview

MBB: Describe by questionnaire 

MBB: Develop target state based on IT strategy

MBB: Ensure information consistency

MBB: Request acknowledgement of arch. description

MBB: Approve architecture description

MBB: Publish architectural description

MBB: Develop planned states of the EA

MBB: Derive projects from target state

MBB: Control adherence of 

conditions

MBB: Review architectural 

compliance

MBB: Caution deviating projects

MBB: Impose conditions for       

deviations

MBB: Officially gratify standard  

conformance

MBB: Provide financial rewards

MBB: Require justification for 

deviations

MBB: Review architectural compliance

MBB: Tax non compliant projects

MBB: Veto non compliant  projects

MBB: Educate by in-house  training

MBB: 

Document 

lessons 

learned

Figure 7.1.: Combining BEAMS with TOGAF’s ADM

differ with respect to the focus of the EA management initiatives, as well as concerning the
‘EA management-history’ of the organizations.

The case studies were conducted as parts of two student projects. The first case study was
performed as part of a student internship. The second case study was conducted as part of
a so-called guided research3 and performed by a single student. We supervised both student
projects and supported the execution of the single steps of the development method by par-
ticipating in meetings, answering questions, and reviewing preliminary results. Due to the
implicit participation in the project, we subsequently report on feedback from two different
perspectives:

∙ the students take a ‘consultancy perspective’ and need a detailed understanding of
BEAMS, and

∙ the industry partners take a ‘customer perspective’ and provide feedback on the designed
EA management functions.

3For more details see https://drehscheibe.in.tum.de/myintum/kurs_verwaltung/cm.html?id=

IN2169&lang=en (cited 2011-02-09).
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Both perspectives contributed to our evaluation and the identification of potentials for im-
provement.

The use cases are subsequently documented using a unified structure to enhance readability.
The structure consists of six parts, namely

organization a short outline of the organization, describing the industry sector and the history
of the EA management initiative,

context of the case study the context in which the case study takes place, e.g. an initiative or
program,

course of action an overview on the course of action of the case study, including time schedule,
project duration, members of the team, etc., and

results the results of the case study, i.e., excerpts from the resulting BEAMS method descrip-
tion.

The section concludes with findings that summarize the feedback of the industry partners and
students on the overall utility of BEAMS.

7.3.1. A case from the financial industry

The first case was conducted in an internship between April 2010 and October 2010 at an
international acting IT provider of a financial institution (FI). As the IT service provider has
a longer history in the context of EA management, the case study is an ex post evaluation in
which BEAMS is used to re-design the EA management function.

Organization

The organization under consideration is the IT provider of an internationally operating Ger-
man bank. In 1996 the topic of EA management had its first occurrence in the organization4

under the label of enterprise-wide data modeling. The need for transparency arose in the con-
text of a merger. Prior to the merger both companies independently conducted enterprise-wide
data modeling endeavors. After the merger, the enterprise-wide data models were maintained,
although a change in the focus as well as concerning the scope took place. In certain parts of
the enterprise the focus shifted towards business process centric modeling, while other parts
continued to do pure data modeling. In the year 2002 the term EA management makes its first
appearance, when a project was launched to increase the business IT alignment. Therefore,
architectural information from different parts of the organization was consolidated and used
to identify fields for action. In order to assess the advances made in this field, a similar project
was launched in the year 2005. The take-over by an international banking company at the
end of 2005 changed the overall make-up of the organization significantly. In particular, the
IT departments of the formerly independent organizations, as well as the IT assets developed,
operated, and managed by them, were to undergo extensive changes leading to an increased
centralization of structures and finally to the outsourcing of the IT provider in 2009.

Context of the case study

The objective of the program in which the case study took place was improved support for
project portfolio management decisions. The IT service provider receives an annual budget

4At this time the IT provider was still part of the financial institution. The carve-out took place in 2009.
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to cover the expenses for maintaining the IT service portfolio and for conducting projects to
correspond to the business demands of the financial institution. Projects raise two different
kinds of costs—development costs and operating costs. The project portfolio management
process should be supported by the EA management function to balance the money spent to
develop and maintain the IT service portfolio.

Course of action

The project was initiated by us in March 2010. Five master students from TUMünchen formed
the core team of the project together with one representative of the IT service provider. The
master students were prepared for the project by a lecture in which BEAMS was presented5.
The students were accompanied by us in the initial workshop and during the presentation
of the results in the final workshop. The students executed the development method by
iteratively performing the following steps, namely

∙ arrange meetings with the industry partner,

∙ conduct workshops to

– present and discuss a draft for the EA management function6,

– gather input for the next step of the development method, and

∙ develop a draft for the EA management function including alternatives.

During the internship regularly meetings on a weakly-basis were performed in which the stu-
dents had to report on their current results and the next steps to be performed. We also
discussed open questions with the students. After the internships both the students and the
representative from the industry partner provided feedback about their subjective impressions
on the development method and the achieved results.

Results

In the characterize the situation activity, the students identified the following stakeholders,
organizational contexts, and goals7:

∙ stakeholders and associated goals:

– IT board, reduce operating costs

– enterprise architect, increase homogeneity

∙ organizational contexts:

– top-down initiative

– culture of negative feedback

– specialized tools

5For an overview on the lecture see http://wwwmatthes.in.tum.de/wikis/sebis/vorlesung-eam (cited
2011-02-09)

6This step is omitted in the first iteration.
7As this thesis focuses on the method-part of the EA management function, we only provide an overview on
the concern’s concepts that are of relevance for the presentation of the case study.
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∙ concerns:

– demand

– project proposal with the attributes cost, priority, and isCompliant

– standards

In several iterations of the configure EA management function activity, the students
developed an EA management function as described in Figure 7.2. The resulting method
description contains five MBBs. Table 7.4 lists the MBBs as well as the organizational contexts
and states for which they are applicable. Furthermore, the ELMF in which the respective MBB
has to be integrated, if existing, is given.

MBB Organizational

contexts

States ELMFs

Describe by

interview

bottom-up,
office tools,
pilot initiative

current state,
target state

Describe by

central repository

specialized EA
management tools

current state,
target state

Perform single

expert evaluation

currents state,
planned state,
target state

Review architec-

tural compliance

culture of negative
feedback

planned state project portfolio man-
agement

Require justifica-

tion for deviation

culture of negative
feedback

planned state project portfolio man-
agement

Table 7.4.: Case study FI: selected MBBs

Table 7.5 provides an overview on the pre-conditions and post-conditions of the configured
method fragments of the EA management function. After the configuration, the pre- and
post-conditions of the configured method fragments do not longer reference the information
variables but refer to concepts from the underlying information model.

The following participants are involved in the illustrated part of the EA management function.
The original names of the participants as contained in the BEAMS catalog of participants are
given in brackets.

Enterprise architecture managers (enterprise architect) manage and lead the EA program, select
and implement the EA management function and furthermore identify standards. They
are responsible for discussing and deciding on the compliance of the project proposals
from a holistic perspective. Therefore, they take the enterprise strategy and architectural
principles into account.

Business relations managers (interviewer) act on the side of the project portfolio management
and are in direct contact with clients. They collect clients’ demands for services and
perform a first evaluation of the demand with respect to the business impact.
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Enterprise architecture manager

Organize meeting of the EA
review board

<R>

Half yearly

Create interview guideline

<N>

Put in EAM repository

<N>

project proposal documented

Review architectural
compliance

<N>

< C >
<R>

IT board

Decide on justification

<R>
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<N>

Business relations manager
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<N>
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< C >
<R>

Proposal manager

Define required resources

<N>

< I >
<R>
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<R>
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Half yearly
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<N>

< C >
<R>

[non compliant project]

[co
mpliant p

rojec
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Figure 7.2.: Case study FI: excerpt from the method description

MBB Pre-conditions Post-conditions

Describe by inter-

view

demand.documented

Describe by central

repository

projectProposal.documented

Perform single ex-

pert evaluation

projectProposal.documented projectProposal.documented,
cost.documented

Review architec-

tural compliance

projectProposal.documented,
standard.documented

projectProposal.documented,
standard.documented, com-
pliance.documented

Require justification

for deviation

compliance.documented priority.documented

Table 7.5.: Case study FI: pre-conditions and post-conditions of the selected MBBs

Clients (information steward) represent the business agencies from the banking company that
are the owners of the demands which are reflected in the project proposals.

Proposal managers (information steward) work side-by-side with the developers to create a
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project proposal, realizing customers’ demands. They plan the resources which are
necessary for the project realization.

Project portfolio managers (EA expert) are in charge of the organization’s project portfolio
management. They assess project proposals, prepare their budgeting, and provide in-
formation to support the decision on the project portfolio.

IT board (EA review board) consists of several participants from the IT departments and the
business agencies. The IT board identifies those project proposals which should be
accomplished and assigns budget. Hence the IT board is responsible for prioritizing
projects.

In the analyze EA management function activity, the students assessed the organization-
specific configuration with respect to the stakeholder involvement and the stakeholder-actor-
dependency to ensure organizational implementability. The method description in Figure 7.2
shows full stakeholder involvement, as both enterprise architects and the IT board are involved
in the final step “prioritize projects”. Figure 7.3 further provides the analysis results from
investigating stakeholder-actor-dependencies.

Enterprise architect

IT board

Business relations 
manager

Proposal manager

Client

Project portfolio 
manager

Figure 7.3.: Case study FI: stakeholder-actor-dependencies

Due to the similar problems of the IT board and the enterprise architect they depend on the
same information providers. Although the enterprise architect and the IT board do not stand
in a direct line-of-control with the actors they depend on, the organizational implementability
is ensured due to the official mandate of the EA management initiative.
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7.3.2. A case from the public sector

Our second case was performed in a “guided research” by a student between October 2010 and
January 2011 at the central IT department of a registered association of research institutes
from the public sector (PS). In this case study the development method of BEAMS was used
to design an EA management function from scratch.

Organization

The non-governmental and non-profit association of German research institutes has a history
of over 100 years. The different research institutes conduct basic research in the natural
sciences, life sciences, social sciences, as well as arts and humanities. The association has
a historically grown heterogeneous EA. In particular the IT infrastructure is diverse. To
attract leading researchers, the association follows the principle of ‘academic freedom’, i.e.,
the researchers define their research and the associated infrastructure in terms of staffing or
IT systems. Administration services are provided by the central administrative headquarter,
which has recently established the position of an “enterprise architect” to enable a managed
evolution of the provided business and IT architecture as well as ensure that synergies are
taken advantage of.

Context of the case study

The objective of the establishment of the position of an enterprise architect is to reduce het-
erogeneity of the processes as well as the supporting IT. Synergy effects are expected, e.g.
due to a reduction of maintenance costs and limitation of expert knowledge that needs to be
objected. Furthermore, the research institutes should be supported in decisions regarding in-
frastructure changes by defined standards. The establishment of an EA management function
in the association is challenged by the principle of “academic freedom”.

Course of action

The project was initiated in October 2010. A master student from TU München and the
enterprise architect of the association form the core team of the project. The master student
was prepared for the project by her work as student assistant at sebis. The duties and re-
sponsibilities during her work at sebis centered around maintaining content in the BEAMS
method base. We supervised the student during the project and reviewed preliminary results.
Furthermore, we took part in the workshops conducted with the industry partner and partici-
pated in discussions. Alike the first case study, the project was guided by a series of workshops
(see Section 7.3.1).

During the guided research we reviewed the student’s preparations for the workshops as well
as the workshop results. The student worked autonomous between the workshops and only
occasionally called for feedback and assistance. After the guided research we performed a feed-
back round and interviewed the representative of the industry partner as well as the student
to receive a subjective impression on the development method and the achieved results.

Results

In the characterize situation activity, the student identified the following stakeholders,
organizational contexts, and goals:

∙ stakeholders and associated goals:

– Project manager, increase homogeneity

– Upper management, increase transparency
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∙ organizational contexts:

– pilot initiative

– centralized IT department

– office tools

∙ concerns:

– business applications support business process at organizational unit (summarized
as ‘concern’ in the following)

– attribute isStandard for business applications and technologies

– conformity of an application landscape

In several iterations of the activity configure EA management function, the student
developed the EA management function as shown in Figure 7.4. The resulting method de-
scription builds on six MBBs (cf. Table B.1). Table 7.6 provides an overview on the pre- and
post-conditions of the configured method fragments.

MBB Pre-conditions Post-conditions

Describe by interview concern.current.documented
Ensure information con-

sistency

concern.current.documented concern.current.consistent

Multi expert evaluation standards.documented
Request acknowledg-

ment for architecture

description

concern.current.documented,
standards.documented

concern.current.approved,
standards.approved

Pattern-based analysis concern.current.documented,
standards.documented

conformity.documented

Publish architectural

description

conformity.documented conformity.published

Table 7.6.: Case study PS: pre-conditions and post-conditions of the selected MBBs

In the analyze EA management function activity, the student investigates the
organization-specific configuration with respect to the stakeholder involvement and the
stakeholder-actor-dependencies. The method as described in Figure 7.4 involves all relevant
stakeholders, as they are informed on achieved results regarding their associated problem.
The upper management is provided with an overview on the current state of the EA and
the project managers are informed on the analysis results with respect to conformity of
the provided services. Figure 7.5 further provides the analysis results from investigating
stakeholder-actor-dependencies.

With the upper management as stakeholder for the problem increase transparency on the
current application landscape, the stakeholder-actor dependencies mirror the lines of control
in the organization. Thereto, the organization implementability is assumed to be ensured.
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Figure 7.4.: Case study PS: excerpt from the method description
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Upper management

Project manager Enterprise architect

Application owner

EA expert

Figure 7.5.: Case study PS: stakeholder-actor-dependencies

7.3.3. Findings from the case studies

After the completion of the student projects, we requested feedback from the members of the
project teams. The students’ feedback targets BEAMS from the ‘perspective of consultants’
that apply the development method. The feedback of the industry partners’ representatives
is provided from a ‘customer perspective’ and target the practicability as well as usability of
the method’s output.

The students in the first case study experienced difficulties in searching the method base
because of its availability in printed form only. In response to this feedback, we compiled the
prototypic tool support described in Chapter 6. The tool support and in particular the online
avaiable method base was used in the second case study. With the tool-support at hand,
the student provided positive feedback on the usability and applicability of the development
method. The graphical notation for describing the EA management function was showed to
be beneficial. Nevertheless, the students mentioned the overall complexity of BEAMS, which
requires familiarization. After a first phase the students from both case studies reported that
they could flexibly respond to emerging or changed EA management-related problems of the
industry partners.

The industry partners’ feedback centers around the results of the development method. The
students acted as consultants and hence the industry partners did not have to familiarize
with the details of BEAMS. The industry partners in particularly stated the following three
benefits from applying the BEAMS approach, namely

∙ the re-use of best practice knowledge during the design of the EA management function,

∙ a comprehensive description of the EA management function, and

∙ transparency with respect to the stakeholder-actor dependencies.
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We have to remark that the provided feedback was gathered right after the projects were
finished. Therefore, the feedback does not provide statements with respect to the actual
performance of the developed EA management functions. The industry partners however
challenged the proposed MBBs during the configure EA management function phase for
practicability against the background of their personal experience.

7.4. Critical reflection of the evaluation

In this section we completed the final activity of our research method as presented in Sec-
tion 2.3. The evaluation presented in this chapter is based on a threefold approach. The
structure of this section reflects an evaluation

∙ against the general assertions, i.e., the characteristics of the EA management function,

∙ with respect to innovation by revisiting the state-of-the-art, and

∙ concerning utility by performing observational case studies.

In Section 7.1 the context, goal, solution, and general assertions are subjected to an argumen-
tative evaluation process. Therefore, we discuss how an EA management function developed
using BEAMS is a ‘good’ one with respect to the quality criteria from Section 4.1. Further-
more, we revisit the general design research guidelines as proposed by Hevner and showed that
our research was conducted accordingly.

We showed that BEAMS represents an innovative artifact by revisiting the state-of-the-art in
Section 7.2. Thereby, we used the analysis framework presented in Section 3.2 to classify our
approach. Complementing, we discussed as fictitious case from literature and demonstrated
that based on the described situation, the application of BEAMS results in a similar design
of the EA management function as proposed in literature. Further, we showed that the
development method can be used for integration with other EA management approaches
along the example of the ADM of TOGAF.

In Section 7.3 we used case studies to complement the theoretic evaluation and demonstrate
the utility of BEAMS. The two case studies performed from April 2010 to January 2011 apply
the development method ex post, to improve an existing EA management function, and ex
ante to establish an EA management function. Thus, the presented cases reflect the two
different ways of evaluation in practice as discussed in our research method in Section 2.3.
During the case studies, the method base was used

∙ for nexus-driven problem elicitation (characterize situation),

∙ for nexus-driven artifact design (configure EA management function), and

∙ for nexus-driven artifact evaluation.

The final part of the evaluation, the nexus-driven artifact evaluation was performed by chal-
lenging the design of the resulting EA management function with respect to practicability.
Therefore, the industry partners were asked to provide a subjective feedback. A long-term
evaluation could provide further insights into the suitability of the established management
function. Such evaluation nevertheless requires a time frame of at least a year in order to
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ensure execution of each part of the EA management function for at least two times. Due
to the required time frame such an evaluation is not performed in the course of this thesis.
A long term evaluation could contribute to the detection of anomalies in the design. Based
on the procedure presented in Section 2.3 such anomalies would lead to an inspection and
revision of the assertions in the BEAMS method base.
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CHAPTER 8

Critical Reflection and Outlook

The expected benefit of EA management depends on the design of an organization-specific
management function. ‘Organization-specificity’ in this thesis means that the EA management
function is confined to the relevant parts of the EA, supplies appropriate methods for devel-
oping, enacting, and analyzing different states of the EA, and is configurable and adaptable
to co-evolve with the organization. The EA management functions proposed by prevalent
EA management approaches fail to provide full scale organization-specificity. Practitioners
seeking to apply and adopt these approaches experience several difficulties in doing so. This
thesis solves the aforementioned problem by presenting a systematic method to develop EA
management functions based on practice-proven solutions. Recalling the research objective as
stated in the introduction, we present the results of this thesis, provide a critical reflection on
the findings, and conclude with suggestions for future research.

8.1. Summary of results

In Chapter 1 we discuss the experienced gap and defined the research objective of this thesis
as follows

Research objective: Develop a method for designing and re-designing
organization-specific EA management functions based on best-practice knowl-
edge documented in current EA management approaches.

This research objective was subdivided into five research questions (cf. Section 1.1). The five
research questions guide the design and structure of this thesis. Subsequently, we summarize
the contributions of the single chapters of this thesis and discuss the achieved results in
answering the research questions.
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In Chapter 2 we described the theoretic underpinnings of the research presented in this the-
sis. Along the framework of Becker and Niehaves [BN07] we discussed the epistemological,
ontological, and linguistic positions that guided our research. Based on the work of Walls et
al. [WWES92], Gregor and Jones [GJ07], as well as Schermann et al. [SBK07b], we developed
a framework for design theories that accounts for the characteristics of the EA management
domain. We further revisited the idea of a design theory nexus as proposed by Pries-Heje and
Baskerville [PHB08] to combine competing design theories. We introduced our understanding
of patterns as preliminary artifacts for developing design theories and presented our approach
to pattern-based theory building. We finally provided an answer to research question 1 and
presented the research method used in this thesis. The research method details how design
theories can be developed in rigorous research in close interaction with an industry partner.
Thereto, we delineate how design contributes to theory building and theory building justifies
design by using the concept of patterns.

In Chapter 3 we explored the problem domain and existing knowledge base of prominent
EA management approaches. Thereto, we introduced a common terminology to describe
the problem and context domain based on the general model theory of Stachowiak [St73]
and the ISO Standard 42010 [In07]. We further developed an analysis framework based on
kernel theories from the problem domain. Thereto, we revisited the design perspective of
Simon in [Si96], the management cycle of Deming [De82] as well as Shewhart [Sh86], the
knowledge management of Probst [Pr98], and the viable system model of Beer [Be79, Be81,
Be85]. Following the guidelines for literature reviews as proposed by Webster and Watson
in [WW02], we revisited 15 prominent approaches to design EA management functions. The
results of the state-of-the-art review supported the need for a systematic development method.
Answering research question 2 we elicited three main activities of the EA management function
and identified the organizational context and EA management-related problem as typical
configuration aspects influencing the design of an EA management function.

In Chapter 4 we elicited requirements for the development of organization-specific EA manage-
ment functions to answer research question 3. Thereto, we described quality criteria of a ‘good’
EA management function and requirements on the meta-level, i.e., regarding the development
method and the method base from a utilitarian perspective. Further, we discussed contributing
theories for the solution domain as method engineering (cf. [He93, Gu94, Br96]), situational
method engineering (cf. Harmsen [Ha97]), i* (cf. Yu [Yu96]), and our previous work on pat-
terns for EA management [Bu07d, Bu08b, Er10]. In response to the identified requirements, we
sketched the core principles of building blocks for EA management solutions (BEAMS). With
BEAMS we augmented the conception of a design theory nexus instantiation for designing
EA management functions.

In Chapter 5 we present the core contribution of this thesis and the central component of
BEAMS: the development method to design organization-specific EA management functions
using a method base. This method is designed to satisfy the corresponding requirements and
to facilitate the creation of EA management functions that fulfill the described quality criteria.
Driven by the requirement elicitation from the preceding section, we presented the development
method to design organization-specific EA management functions. The development method
consists of three main phases: characterize situation, configure EA management function, and

262



8. Critical Reflection and Outlook

analyze EA management function. We delineated these phases in a stepwise manner. First,
we introduced the concepts and techniques relevant for the respective phase to answer research
question 4. Thereby, the following concepts deserve special attention, namely

∙ the variable concept to enable organization-specific configuration of MBBs,

∙ the concept of pre-condition and post-condition supports consistent integration of
different MBBs,

∙ themixinMBB concept permits interlinking of the EA management function with other
enterprise-level management functions, and

∙ the concepts of stakeholders and actors that enable analyses concerning the organiza-
tional implementability of the resulting management function.

Secondly, we detailed the steps of the development method referencing the concepts and tech-
niques introduced before. In addition, we introduced the administration method to maintain
and evolve the method base. This method grounds on the idea of pattern-based theory build-
ing. With the development method and the administration method at hand, we answered the
first part of research question 5.

Responding to the second part of our final research question 5, we discussed a prototypic tool
support for BEAMS in Chapter 6. Thereto, we elicited use cases from the perspective of a user
of the development method as well as from the perspective of an administrator maintaining
the method base. Based on the required functionality, we revisited typical services provided by
enterprise 2.0 tools as discussed by Büchner et al. in [BMN09] and showed that these services
can be used to realize the BEAMS configurator. Therefore, we used existing open-source tools
to answer research question 5. We delineate the design for our toolset and discuss a prototypic
implementation based on the web-based content management system tricia [Bü07b, In10] and
the open source modeling platform Oryx [DOW08a, DOW08b].

In Chapter 7 we evaluate BEAMS from different perspectives. Firstly, we assessed the qual-
ity of BEAMS from a theoretic perspective. We revisited the quality criteria for ‘good’ EA
management functions, the requirements for our design method, and the general guidelines
for design research as presented by Hevner in [He04] to assess the quality of BEAMS using
argumentative evidence. Secondly, we assessed the innovation of our designed artifact by eval-
uating BEAMS against the state-of-the-art. Using the analysis framework from Section 3.2,
we classified our contribution. Further, we used a fictitious case derived from the state-of-the-
art literature to show that a skilled enterprise architect can re-develop an EA management
function using BEAMS. Thirdly, we showed that the method can be applied in practice by
presenting two case studies in which the development method was applied in cooperation with
industry partners from the public sector and the financial industry.

8.2. Critical reflection and future research

BEAMS is an innovative framework that supports the design of organization-specific EA
management functions based on practice-proven-solutions. BEAMS provides methods and
techniques to ensure organizational implementability of the EA management function. In
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addition, we demonstrated the usability of BEAMS by applying the development method in
practice. In summary, we identify the following three main contributions that represent the
outcome of our research:

∙ the development method to design organization-specific EA management functions,

∙ a method base of practice proven method building blocks, and

∙ the BEAMS configurator a prototypic toolset supporting BEAMS.

These contributions provide an innovation in the field of EA management and lay the ground-
work for further research in the field. In the following we discuss potential future research
topics based on BEAMS.

The development method of BEAMS is influenced by the contributing theory of situational
method engineering as presented in Section 4.2.2. Further related disciplines that could con-
tribute to more sophisticated techniques to the development method are organizational theory,
product line engineering, or general development models. Especially the step of analyzing the
resulting EA management function can be enhanced to incorporate further techniques. In
addition, further applications of the development method in practice are of interest. Long-
term observations of organizations that applied the development method could provide further
information on the applicability of the development method as well as the adaptability of the
designed EA management function. Thus a larger set of case studies would open a research
field in which organization-specific configurations of different organizations could be investi-
gated for e.g. specificities of industry sectors, needs for changes in the method building blocks,
or emerging new building blocks.

The current version of the method base incorporates the best practices as described in the
EA management pattern catalog, as found in literature, and the practice-proven solutions
gathered during a project with over 30 industry partners. Future research topics concerned
with the method base center around its evolution and maintenance. A topic for which currently
BEAMS lacks support are “questions”, i.e., methods supporting the quantitative assessment of
architectures or simulation with respect to planned and target EAs (cf. Section 7.2). Different
approaches to perform such assessments have been proposed (cf. Johnson and Eksted [JE07]
and our approach in [Bu08e]) but are currently not reflected in BEAMS. First steps towards a
future evolution of the method base are already performed by establishing an online community
of practitioners around the method base. In addition researchers can be invited to discuss,
enhance, and maintain the currently available method base.

Related with the above discussion on support for a BEAMS community is the tool support.
In this thesis we discussed a prototypic design of the BEAMS configurator, which leaves
open space for future research. Enterprise architects as intended users of the development
method would benefit from a wizard-based support for the execution of the development
method and the application of the techniques. Further an automated support for notifications
on new method building blocks as well as the possibility to share experiences in applying
method building blocks are potential future contributions to the BEAMS configurator. In
addition, further export functionalities of the designed EA management function to dedicated
EA management tools could enhance the benefit of BEAMS especially from a practitioners’
perspective.
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APPENDIX A

An excerpt from BEAMS

A.1. Method building blocks

In the following exemplary MBBs from BEAMS are presented. To access the whole method
base please visit http://wwwmatthes.in.tum.de/wikis/beams/mbb (cited 2011-02-14).

Develop planned states of the EA

Activity develop & describe
Participating

actors

strategy board, enterprise architect

States planned state
Pre-condition concern.current.documented, project.documented
Post-condition concern.planned.documented
Organizational

context

applicable bottom-up initiatives, centralized IT department, federated IT depart-
ment

not applicable

Trigger yearly, half yearly
ELMF

Table A.1.: MBB develop planned states of the EA

Besides a top-down approach planned states can be derived from ongoing projects and project
proposals. The amount of proposals from business and IT as well as the required time and
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budget for realizing these projects typically outranges the available resources. Therefore,
organizations have to decide which projects best align with their intended target state and
architectural principles. To get an overview on the projects’ impact and effect on the over-
all architecture, the enterprise architect derives planned states based on the available
projects. These projects have been prioritized in advanced by the strategy board mem-
bers.

Enterprise architect

Derive planned states

<N>

Strategy board

Prioritize projects

<N>

Figure A.1.: MBB develop planned states of the EA

Force

∙ “Single” vs. “multiple criteria”: The project proposals can be evaluated and prioritized
according to one or more criteria. While taking multiple criteria into account, e.g.
expected return on investment, strategic impact, or risks, allows a more thoroughly
decision, it is time-consuming and may result in a complex evaluation and decision
process which lacks transparency and traceability. By contrast, a single criterion may
not be sufficient to cover all aspects that should be considered in the decision process.

∙ “Run” vs. “change project prioritization”: Projects can be distinguished in run and
change projects. A run project assures the operation continuity, e.g. upgrading software
due to its end of lifetime or changed legal regulations (‘run the business’). A change
project might be initiated by the demand for a new and innovative capability (‘change
the business’). If resources and budget are limited, it is common to decide during the
prioritization task that run projects are realized, while change projects are postponed.
In that case, change projects won’t be executed and the organization won’t be able to
react on external changes, e.g. IT innovations or new business opportunities.

∙ “Single” vs. “multiple scenarios”: The organization has to decide, if for a given point
in time one planned state is sufficient, or if more than one scenario is needed. Having
multiple scenarios enables the enterprise architect to present different possibilities for a
planned state to the strategy board or to develop fallback strategies for risky projects. By
contrast, developing just a single scenario requires less effort and enables to concentrate
on a straight way to the planned state without distractions.
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Consequences

The use of this building block enables the enterprise architect to focus more on actual
business demands than on the abstract visions. Nevertheless, this approach bears the risk
that the envisioned target state is not considered enough.

As a consequence, criterion or criteria to prioritize the proposed projects have to be defined.
Therefore, the goals of the EA management endeavor and their operationalization to metrics
might be used.
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Ensure information consistency

Activity develop & describe
Participating

actors

consistency clerk

States current state, planned state, target state
Pre-condition concern.documented
Post-condition concern.consistent
Organizational

context

applicable

not applicable

Trigger event trigger
ELMF

Table A.2.: MBB ensure consistency

This building block describes an optional part of the develop & describe activity which can
be used to ensure consistency of the gathered information and therefore the architectural
description developed. Thereby, the consistency of the architectural description is ensured by
a consistency clerk. He or she analyzes whether the description complies to the underlying
EA information model or violates constraints that are imposed by the model. Further, the
consistency clerk tries to resolve inconsistencies or contradictions between the different
fragments of the description, e.g. if one gathered information piece indicates that IT support
is provided for a certain capability, while another one indicates that no IT support exists.

Enterprise architect

Derive planned states

<N>

Strategy board

Prioritize projects

<N>

Figure A.2.: MBB ensure information consistency

Force

∙ “High quality” vs. “low costs”: In this respect, a consistency clerk with more in-
formation about the architecture is likely to discover more intricate inconsistencies as
a clerk that stays to a basic checking. A more thorough and detailed checking how-
ever results in higher efforts, overall costs, and time delays regarding the completion of
architectural descriptions.
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∙ “Coverage” vs. “low costs”: While a consistency check on all information is sensible, a
cost-benefit ratio should be taken into account. To decide on the question, if consistency
checking should be applied to an area of interest or not, additionally the intended usage
of the corresponding part should be taken into account. If the documentation provides
input to expert-based analyses, the effort spent on consistency checking may well be
reduced potentially to a point, where explicit checking is omitted. This can be justi-
fied with the implicit consistency checking that will take place, when experts discuss
the architecture. The application of more formal analyses techniques, as e.g. metrics
or rule-based analyses, in contrast calls for an explicit consistency checking especially
with respect to the underlying assumptions of the formal analysis technique. This is
necessary, as a formal technique might produce misleading or incorrect results, if ap-
plied to inconsistent information or architectural documentations, where the technique’s
underlying assumptions do not hold.

∙ “Automated” vs. “manual consistency checking”: While automated consistency checking
always ensures consistent and up-to-date information, it may hamper the maintenance
of information as it complicates the information gathering process, e.g. certain informa-
tion cannot be documented without updating other parts as well. Manual consistency
checking at defined times may lead to inconsistent information at certain points in time,
but contrastingly ensures that update of information is possible anytime.

∙ “Tool based” vs. “expert-based”: Consistency checking can either be performed by an
expert or based on constraints incorporated into a tool for EA management. Especially,
in the latter case, the consistency checking might be automated to a certain extend and
therefore reduce overall costs and time expenditures.

Consequences

Consistency checking is on the one hand an additional and time-consuming task that can on
the other hand greatly improve the utility of the architectural description. To achieve an
increased level of consistency, an experienced consistency clerk must perform checking
activities on the description or incorporate constraints into a tool for EA management, which
may automate the consistency checking to a certain extend.
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Publish architectural description

Activity communicate & enact
Participating

actors

enterprise architect, stakeholder

States current state, planned state, target state
Pre-condition concern.documented
Post-condition concern.communicated
Organizational

context

applicable specialized EA management tools, enterprise 2.0 tools (wikis), office
tools

not applicable

Trigger Event trigger
ELMF

Table A.3.: MBB Ensure Consistency

This building block contains the steps to make architectural descriptions and architectural
principles available, i.e. if an architecture description is introduced or changed. The enter-
prise architect has to publicize it and ensure that the architecture description is accessible,
e.g. via mail or file share, for all relevant stakeholders.

Enterprise architect

Publish architectural description

<N>

Stakeholder

< I >
<R>

Figure A.3.: MBB Publish architectural Description

Force

∙ “Pull” vs. “push”: Publishing architectural descriptions can either be performed using a
pull or a push mechanism. While in the former case, the respective stakeholders have
to search and look up the information, e.g. on a wiki-page, the intranet, or the EA
management repository, in the latter case the stakeholders are actively informed, e.g.
via e-mail, rss-feeds, or paper circuits.
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Officially gratify standard conformance

Activity communicate & enact
Participating

actors

enterprise architect, business executive

States planned state
Pre-condition concern.documented
Post-condition

Organizational

context

applicable culture with positive feedback
not applicable

Trigger yearly, half yearly
ELMF

Table A.4.: MBB officially gratify standard conformance

To increase the overall conformance to architectural descriptions this building block can be
used. An enterprise architect, thereby, prepares gratifications, e.g. on the intranet
homepage or at a company internal event, where the business departments with the highest
degree of conformity are announced.

Enterprise architect

Investigate conformance

<R>

Gratify most conformant units

<R>

Business executive

< I >
<R>

Figure A.4.: MBB Officially gratify standard conformance

Force

∙ “Intranet” vs. “Event”: The gratification can be announce via the intranet systems as a
news entry or on a dedicated site, but also on company-wide events where the conformant
units are publicly announced.

∙ “Single” vs. “Multiple units”: There can either be only one unit declared as most con-
formant or a number of most conformant units.
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Consequences

While the application of this building block may lead to a ‘social competition’ between the
business units, we also experienced a higher amount of error-prone data, i.e. units providing
manipulated data.
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Perform single expert evaluation

Activity analyze & evaluate
Participating

actors

EA expert

States current state, planned state, target state
Pre-condition concern.documented
Post-condition

Organizational

context

applicable

not applicable

Trigger

ELMF

Table A.5.: MBB perform single expert evaluation

This MBB describes an analysis technique where an EA expert performs an individual
analysis based on the provided input and her/his experiences.

EA Expert

Perform analysis

Compile results

Figure A.5.: MBB Perform single expert evaluation

Consequences

Expert-based analyses allow for a maximum flexibility with respect to the analyzed architec-
tures. Thereby, especially the drawback of prerequisite assumptions of metrics-based analyses
is remedied. In contrast, expert-based analysis are intrinsically subjective and may encounter
acceptance problems, as the analyses are mostly not transparent. It is advisable to provide a
rationale along every analysis result, shortly explaining the conclusions drawn by the expert
to overcome the difficulty.
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Multi expert evaluation

Activity analyze & evaluate
Participating

actors

EA expert

States current state, planned state, target state
Pre-condition concern.documented
Post-condition

Organizational

context

applicable

not applicable

Trigger

ELMF

Table A.6.: MBB multi expert evaluation

Following an expert-based approach, this MBB proposes a multi expert evaluation (similar
to the Delphi method). The results are based on the experts’ experience on architectural
interrelationships. Thus, the MBB requires the involvement of multiple EA experts who
discuss their estimation in a panel. The discussion includes multiple iterations. Each iteration
starts with an anonymous summary of the experts opinions from the previous round as well
as reasons they provided for their judgments. The experts are thereby encouraged to refine
their answers in the light of the replies of the other members. A predefined stop criterion, e.g.
the number of rounds or the achievement of consensus, terminates the process.

EA expert

Define stop criterion

Discuss in group

Compile results

[stop criterion
not reached]

Figure A.6.: MBB Multi expert evaluation

Force

∙ “Individual analysis results” vs. “aggregated analysis results”: Concerning the overall
outcome of a group discussion, two different options can be taken into account. On the
one hand, each EA analyst participating in the discussion can give his/her individual
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analysis result, leading to an issue of aggregating the different results. On the other
hand, the group can give one committed analysis statement as result. While the latter
option helps to avoid potentially critical aggregation tasks, a consensus building in the
analyst group may be time consuming and lead to overly mitigated outcomes, if strongly
different opinions had been argued during the discussion.

Consequences

Subjectivity of analyses can be partially avoided, if multiple experts are involved in performing
analyses. Performing a group discussion, e.g. according to the Delphi method, may addition-
ally help to prevent extreme positions and analysis results. Nevertheless, this method is not
without subtle problems. Different social competencies might lead to degenerate discussions,
where a ‘strong’ and eloquent EA expert overrules his peers or argues them into a biased
outcome.
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A.2. Catalog of organizational contexts

The BEAMS catalog of organizational contexts contains the following entries:

Organizational culture The EA management function has to account for ‘political’ subtleties
that ground in the organizational culture. The organizational culture relates to the
attitudes, experiences, and value of an organization determined by the people of the
organization. Aspects that can be considered in specifying the organizational culture
are:

open culture In an open culture disseminating information on the EA and the respective
transparency is perceived positively. Similarly, change is interpreted to be positive.
Therefore, results of the EA management function, i.e. EA-related artifacts or parts
thereof, should be made visible immediately for a wide range of people. In this vein,
visibility of the EA management initiative and transparency of the achieved results,
e.g. different architectural states, are given to foster common understanding, to
support the decision making by facilitating consensus, and to enable traceability of
decisions.

‘political’ culture In an organization with a highly political environment, dedicated meth-
ods can be applied to ensure confidentiality of sensitive information, i.e. future
plans of the EA. In such environments transparency besides its benefits can lead
to political resistance as e.g. people loose responsibilities and therefore influence.
Furthermore, change is typically negatively associated.

culture of negative feedback In organizations with a culture of negative feedback, typi-
cally a strong mode of enactment or enforcement is used. This enactment is per-
formed via control and if necessary disciplines and punishments.

culture of positive feedback In organizations with a culture of positive feedback incentives
are used to motivate people. The culture of positive feedback typically represents
a weak mode of enactment as people can decide freely.

Tool support Today’s organizations are complex and highly interconnected systems whose EA
is described using hundreds or even thousands of elements, e.g. applications, processes,
organizational units, etc. Therefore, tool support is required to manage the overall
complexity. Different ways of providing tool support for the area of EA management
exist, which may all have their dedicated influences on the design of an EA management
function:

EA management tools A plethora of different tools specialized for the area of EA manage-
ment exists [se05, Ma08]. While these tool differ widely regarding the predefined
information model, capabilities to specify and execute workflows, as well as the
viewpoints provided, they enable decentralized information gathering and typically
support a light-weight access via web interfaces. Nevertheless, the use of special-
ized EA management tools typically requires training of the intended users as they
cannot be used without prior familiarization. Furthermore, EA management tools
require a high investment.
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Enterprise 2.0 tools (wikis) Enterprise 2.0 tools, in particular wikis, can be used as central
repository for EA-related information. Wikis are easy to use and provide access
via an web-interface. In addition, they employ techniques to foster collaborative
work, e.g. versioning, roles and rights management, as well as concurrent editing.
In contrast, wikis usually store only unstructured information and do not provide
capabilities to generate visualizations from content. A multitude of open-source
wikis which require only investments in terms of installation, configuration, and
maintenance exist.

Office tools Frequently used in the context of EA management are tools from the office
family, especially spreadsheet applications and presentation programs. Although
these tools do neither offer access control nor collaboration support, they benefit
from the fact that employees are typically familiar with these tools and that no
initial investments have to be made as they are usually already available in the
organizations.

Background of the initiative Different reasons and backgrounds while an EA management en-
deavor is initiated exits, namely

bottom-up initiatives Bottom-up initiatives are characterized by a group of ‘heroes’ repre-
senting the drivers of EA management. In organizations with bottom-up initiatives
no dedicated mission and thus support from the upper management exists. There-
fore, an bottom-up initiative is characterized by concealing the initiative behind
project or program names, no dedicated budget for the initiative, and a limita-
tion in scope. Bottom-up initiatives typically strongly depend on the social and
professional skills of the ‘heroes’.

top-down initiatives Top-down initiatives are initiated by the upper management, which
passes a board decision regarding the context of EA management and decides on the
establishment of dedicated roles and responsibilities. Furthermore, top-down ini-
tiatives are characterized by a dedicated budget for the initiative, the establishment
of control mechanisms, and the possibility to employ enforcement mechanisms.

pilot initiatives Pilot initiatives are typically set up, if doubts and disbelieves in the
benefits of EA management exist. Pilots are typically carried out hand in hand
with bigger transformation projects and are characterized by a defined point in time
where a decision about the continuation of the project is made, a limited scope and
reach in terms of goals pursued, and the absence of a dedicated tool support.

Organization of the IT department Modern organizations have grown historically and exhibit
different ways of how the IT department as a cross-function delivering capabilities used
throughout the enterprise can be organized:

centralized IT department Organizations that employ a centralized IT department have
a defined entry point for all IT-related demands. In this vein, responsibilities
for solution delivery, developing, and implementing IT for all business agencies is
controlled by a central authority. While this organization is economical from the
standpoint of skills and overhead, the flexibility to deliver customized solutions to fit
specialized business agencies demands and the ability to foster business knowledge
in the IT staff is limited.
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decentralized IT department In organizations with decentralized IT departments, solu-
tion delivery is aligned with the line of business and the IT managers report to
the business agency directors. In this vein, coordination between the different de-
partments is aggravated which may result in heterogeneous solutions. In contrast,
the specialized needs of the business agencies are addressed and the IT staff is
controlled by the business agency which fosters business knowledge in the IT staff.

federated IT department Organizations that employ a federated IT agency possess an
organization-wide IT unit (at the CIO’s office) which has primary responsibility for
the evolution of the EA. In addition, each business agency has an associated IT
department. The directors of the federated IT departments report to the business
agency directors and the organization-wide IT unit. While benefitting from the
balance between effectively aligning the IT with the individual needs of the business
departments and the organization-wide view, the federated organization challenges
with the complexity of coordination, the high administrative costs, and the problem
of dual reporting.
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A.3. Catalog of participants

Two exemplary participant descriptions from the BEAMS catalog of participants are given in
the following.

Business executives Business executives are persons responsible for running an organization
or a business department of an organization. Business executives are responsible for
managing their business department in an effective and efficient way. This includes the
identification of critical dependencies between business and IT as well as assessing the
current performance and identifying potentials for improvement. Typical questions a
business architect is concerned with are

∙ How can the supported IT functionality be analyzed?

∙ Which future scenarios are supported by current IT solutions?

∙ How can the quality of IT support be improved?

∙ How can the current performance of the department be improved?

∙ How are decisions supported by the EA management function?

∙ What is required to comply with EA management decision making?

Enterprise architect Enterprise architects manage and lead the EA program, i.e. are the per-
sons responsible for developing, communicating, and analyzing architectural states of
the EA. They are in charge of the EA management function in terms of designing, im-
plementing, and adapting the corresponding tasks. Furthermore, they oversee the EA
budget (if available), support the introduction and establishment of EA management-
related tasks, and increase the use of architectural descriptions and tools by convincing
other members of the organization of the benefits of EA management. Typical questions
an enterprise architect is concerned with are

∙ How to promote the EA management function and its benefits?

∙ How to foster and improve communication between business and IT?

∙ How to best address the organization-specific problems from an organization-wide
perspective?

∙ How to balance local and global interests?

∙ How can potentials for improvements in the EA be identified?

∙ How should the EA evolve to best fit the objectives and strategies of the organiza-
tion?

∙ How to identify stakeholders of the EA management function?
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A case study from the public sector

B.1. Selected and configured MBBs
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