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Preface

The 2010 Workshop on Trends in Enterprise Architecture Research (TEAR),
held in Delft, The Netherlands, was the fifth one in an increasingly successful
series of workshops, previously held in Hong Kong, Switzerland, Australia and
Sweden. This year we received 15 papers. After an extensive review process by
a distinguished international Program Committee, with each paper receiving at
least three reviews, we accepted the 7 papers that appear in these proceedings.
Congratulations to the successful authors!

The discipline of enterprise architecture is commonly considered to have its
birth in an academic article by John Zachman published by the research-oriented
IBM Systems Journal. The growth of the discipline, however, took place mainly
in the practitioner’s cradle. In recent years, the industrial and governmental in-
terest in enterprise architecture has increased dramatically. Meanwhile, there has
been steady academic work in the area, but research on enterprise architecture
has been taking place in relatively isolated communities. The main objective
of this workshop was to bring these different communities of EA researchers to-
gether and to identify trends and major research challenges in EA research. This
workshop provided a discussion forum where researchers and practitioners could
meet and exchange experiences, problems and ideas related to EA.

This year’s papers cover reports on the effectiveness of enterprise architecture,
case studies, core concepts of enterprise architectures, architecture description
languages, as well as papers on the software and IT aspects of enterprise archi-
tecture.

The paper by Vasilis Boucharas, Marlies van Steenbergen, Slinger Jansen, and
Sjaak Brinkkemper concerns a literature survey on the potential contribution of
enterprise architecture to the achievement of business goals, while the paper by
Ulrik Franke, Mathias Ekstedt, Robert Lagerström, Jan Saat and Robert Winter
complements this from a more practical perspective by providing a survey on
the usage of enterprise architecture in practice.

The paper by Sandeep Purao and Kevin Desouza reports on a large enterprise
architecture case study conducted in the United States of America.

Fundamental concepts for the field of enterprise architecture are discussed
in two papers. The paper by Sabine Buckl, Florian Matthes, Sascha Roth,
Christopher Schulz, and Christian M. Schweda discusses a framework of con-
cepts for enterprise architecture design, while the paper by Erik Proper and
Danny Greefhorst zooms in on the concept of architecture principles as one of
the cornerstones of enterprise architecture.

The final two papers of the proceedings zoom in on software and IT aspects
of enterprise architecture. The paper by Damien A. Tamburri, Patricia Lago
and Henry Muccini is concerned with the role of an architecture description
language for the representation of software architecture, while the paper by Helge
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VI Preface

Buckow, Hans-Jürgen Groß, Gunther Piller, Karl Prott, Johannes Willkomm,
and Alfred Zimmermann is concerned with the integration of standard platforms
in heterogeneous IT landscapes.

August 2010 Erik Proper
Marc Lankhorst

Marten Schönherr
Sietse Overbeek

Joseph Barjis
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The Contribution of Enterprise Architecture to
the Achievement of Organizational Goals:

A Review of the Evidence

Vasilis Boucharas1, Marlies van Steenbergen2,
Slinger Jansen1, and Sjaak Brinkkemper1

1 Department of Information and Computing Sciences, Utrecht University,
Padualaan 14, 3584CH Utrecht, The Netherlands

vboucharas@gmail.com
2 Architecture and Business Solutions, Sogeti Netherlands B.V., Postbus 76,

4130 EB Vianen, The Netherlands

Abstract. This paper reports the findings of a systematic review on
the literature concerning the potential contribution of Enterprise Archi-
tecture (EA) to the achievement of various business goals. The review
revealed the current state of the scientific and practitioner’s literature
concerning the potential benefits of EA as describing 29 unique contexts
within which EA has been found to deliver 100 unique benefits through
3 value-generative mechanisms. This review enhances the understanding
of EA of both researchers and practitioners by providing valuable in-
formation on the potential benefits of EA and their relationships, their
applicability (context), and the mechanisms that generate them. Addi-
tionally, this review is expected to enable practitioners to establish the
business case for EA by means of scientifically grounded reasoning about
how EA might contribute to the achievement of certain business goals.

Keywords: enterprise architecture, organizational goals, systematic
review.

1 Introduction

Although considered to be relatively young [1,2,3], Enterprise Architecture (EA)
has generally evolved into a well-accepted discipline [3] and its importance is
considered to be growing [1]. Curiously enough, to date, there exists no single
comprehensive view of the ways EA might add value to an organization. This
carries several implications:

Firstly, it inhibits establishing a common understanding, among practitioners
and researchers alike, of the potential of EA as a discipline and how it may
lead to desirable organizational outcomes [4]. As a consequence, comparisons to
other, already established business governance instruments become difficult and
ambiguity is introduced over the specific value proposition of EA.

Secondly, it inhibits the establishment of the business case for EA due to the dif-
ficulty of demonstrating the business value of the project at hand. Slot, Dedene,

E. Proper et al. (Eds.): TEAR 2010, LNBIP 70, pp. 1–15, 2010.
c© Springer-Verlag Berlin Heidelberg 2010
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and Maes find it surprising that to a large extent, the business case for the cur-
rent EA activities that take place in the business and IT world is non-existent
[5]. Increasingly, traditional cost-justification methods are found to be inappro-
priate for measuring the contribution of IS/IT investments in general [6]. More
specifically, quantifying the value of EA is considered to be a challenge [2,7] and
research strictly focusing on financial benefits is considered to represent a very lim-
ited view [3]. The alternative is to make use of contribution-justification. In this
respect though, the absence of a comprehensive, scientifically grounded framework
of potential EA benefits inhibits establishing the business case for EA. Finally, it
inhibits the establishment of standardized and reusable technical EA effectiveness
metrics since the entire breadth of the indirect effects of EA is not known.

Although on the whole the (mostly practitioner-oriented) literature displays
an abundance of potential EA benefits, these are mostly inconsistently scientifi-
cally grounded [4]. Even in those cases that the EA benefits are consistently and
scientifically grounded, they are usually presented as being under the direct in-
fluence of the architectural practice, lacking any justification as far as the cause
and effect relationships between them, the EA practice, and the ultimate busi-
ness goals are concerned. However, Steenbergen and Brinkkemper [3] conducted
several relevant exploratory case studies and found that in reality, the nature
and complexity of the cause and effect relationships occurring between multiple
differencing benefits is far more indirect and complicated.

In this first in a series of upcoming research papers reporting on the estab-
lishment of a comprehensive, scientifically grounded framework of potential EA
benefits, we present a systematic review of the evidence regarding the effective-
ness of EA. With the goal of researching not only the benefits of EA, but equally
important, the cause and effect relationship chains between them, and in order
to maximize the richness and depth of the analysis of the evidence, we apply
the design-oriented research synthesis method proposed by Denyer et al. [8], an
extension of Pawson’s realist synthesis method [9]. Using this method we extract
design propositions (or technological rules [10]) in the lines of the Context Inter-
vention Mechanism Outcome (CIMO) logic [8]. For Aken, a technological rule is
a fragment of general knowledge (or general solution) that in a specific field of
application links an intervention or an artifact with some expected outcome or
performance [11]. Denyer et al. similarly see a design proposition as offering a
general template for creating solutions for a specific class of problems [8].

A design proposition made up of CIMO-logic components is formed in princi-
ple as follows: for some problematic Context(s), use some specific Intervention(s)
that will invoke some generative Mechanism(s) that in turn will deliver the de-
sired Outcome(s). Design propositions thus not only inform on what to do in a
specific situation in order to create a specific effect but more importantly, they
offer some insight on why it happens [8].

In Section 2 we describe the literature review methodology. In Section 3 we
present the findings of the review in terms of Context, Mechanism and Outcome
elements as well as by applying a model, the Enterprise Architecture Benefits
Map (EABM), for documenting, structuring and making sense of the Outcomes
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(or EA Benefits) and their relationships. In Section 4 we discuss the findings,
their implications, and we propose future research. We conclude in Section 5.

2 Research Method

For the literature review we followed the Systematic Literature Review (SLR)
methodology of Tranfield et al. [12]. The authors propose a methodology for
conducting SLRs pertinent to the management research domain by transposing
relevant, established and highly influential methodologies from the medical re-
search domain (i.e. [13,14]). The rationale for adopting such a highly structured
and systematic methodology lies in maximizing rigor, minimizing bias, and en-
hancing the traceability and reproducibility of the results. In this line, certain
enhancements were applied to certain process steps of the SLR methodology by
extending them with methodological adaptations from the Cochrane Handbook
for Systematic Reviews of Interventions [13].

The review begun with identifying the need for a review and a small scoping
study for acquiring a broad idea of the available literature, relevant search en-
gines, appropriate keywords, etc. A review proposal was produced and a review
panel of experienced researchers and practitioners in the field of EA was assem-
bled with the aim of resolving disputes. Departing from Tranfield et al., and
along the guidelines for review protocol construction presented in the Cochrane
Handbook, a protocol was developed for laying down the methods/guidelines for
conducting the review.

The following seven search engines were searched: Science Citation Index, The
ACM Guide, IEEE CSDL, CiteSeerX, Emerald, Elsevier/Science Direct, and EB-
SCO. We retrieved 613 results from all search engines. Judging by the title and
abstract, 543 contributions were found to be duplicates or obviously irrelevant.
To compensate for the mechanistic approach of the systematic review, 19 con-
tributions were added from the researchers’ personal collection of studies and
another 18 contributions from examining the references of other contributions.
In total, 107 contributions remained for full-text review.

Studies Quality Assessment. Two types of criteria for considering studies for this
review were developed. The first relates to an evaluation of the eligibility of the
study type and the second to an evaluation of a study’s inner quality aspects.
Eligible study types were considered to be quantitative, qualitative, and mixed-
method scholarly research and gray literature (i.e. literature that has not been
formally published) in an effort to capture the broadest possible definitions of
EA benefits. Inclusion of gray literature to systematic reviews is considered to
be advantageous in order to help minimize publication bias effects [15,16].

For qualitatively evaluating the studies, we adopted a post-positivism1 stand-
point. More specifically, we constructively embraced the subtle-realism philos-
ophy [18] which advocates that quantitative and qualitative research can be
1 Post-positivism is associated with those researchers that advocate the use of the

same broad criteria for evaluating all research types [17].
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qualitatively assessed using the same broad concepts of validity and relevance,
but operationalized differently [19]. Both relevance and validity reflect common,
recurring research evaluation criteria in the scientific literature (e.g. [17,18] and
[17,20] respectively). In operationalizing the validity and relevance concepts we
developed a set of common screening questions as well as separate criteria lists
for quantitative (adapting the list appearing in [21]) and qualitative (adapting
lists appearing in [22,23,19]) studies.

In line with other researchers’ views, and as a realist synthesis approach for the
data synthesis was adopted, every contribution was additionally judged based
on its “fit for purpose” [24], whether it added anything important to our un-
derstanding of the phenomenon under review [25], and on its quality as it was
established in relation to the rest of the contributions of the synthesis [26]. Thus,
highly relevant and original contributions were included in the review even if they
displayed certain quality issues.

During the full-text review 6 contributions were found to have invalid study
types and 68 were found to be irrelevant to the synthesis; these were subsequently
removed. During the synthesis of the remaining 33 studies, 19 were removed
based on qualitative issues. In total, 14 studies were included in the synthesis:
[1,4,27,28,29,30,31,32,33,34,35,36,37,38].

Synthesis Methodology. For the data extraction and synthesis, we conformed
to the CIMO-logic categories proposed by Denyer et al. [8], described above.
Adjusting the CIMO-logic to this research’s goals, we extracted and synthesized
data into the following categories:
(C) contexts for which EA has been found to be of value,
(I) EA as the sole intervention of interest,

(M) mechanisms that answer how or why EA produces or contributes, directly
or indirectly, to certain organizational outcomes, and

(O) organizational outcomes-results of the application of EA (alternatively re-
ferred upon as EA Benefits).

The 14 eligible contributions that were processed with CIMO-logic had their data
extracted into appropriate electronic extraction forms created in a commercial
RDBMS. Data was extracted by the principal researcher only. No ambiguities
occurred, so the Review Panel was not called for resolving any disputes at this
stage. In total, 163 CIMO Elements and 181 CIMO Elements Relationships were
extracted. Next, those CIMO Elements that were deemed to be semantically
equivalent were merged in order to create a list of unique CIMO Elements. After
the merge, remained in total 133 Unique CIMO Elements and 168 Unique CIMO
Elements Relationships.

It is important to note that not all CIMO Relationships reflect cause and
effect relationships. A relationship between a Context and EA (the Intervention)
suggests that EA has been found to be of value in the specific Context; between
EA and a Mechanism, suggests that EA has been found to invoke/realize the
specific Mechanism; between EA or a Mechanism, and an Outcome, suggests
indeed a cause and effect relationship between them: the Outcome being the
result of the application/introduction of the EA or the Mechanism.
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3 Results

We begin by presenting an overview of the most important (for brevity reasons)
Context themes identified in the included studies. Where they exist, the Relation-
ships of the Contexts with other elements (i.e. the EA, EA Mechanisms, and Out-
comes) are described in-text. We then present the EA Mechanisms identified in
the included studies, which are given in their entirety since we were only able to
locate scarce evidence along three studies. We also textually describe existing Re-
lationships between EA Mechanisms and other elements (i.e. Contexts, EA, and
Outcomes). Finally, with the aid of the EABM, we graphically present an overview
of the Outcomes and some Relationships, as identified in the included studies.

A complete account of the CIMO Elements and their Relationships, along with
a description when necessary, is provided in [39]. For a better understanding of
the nature of the individual elements the reader is strongly advised to refer to
the original studies.

Contexts for Which EA Has Been Found to Be of Value (C)

Organizational Design. EA has been found to provide the necessary support in
the context of organizational design problems. These problems might relate to
the design of new organizational structures [37] or the re-design of existing ones,
during mergers and acquisitions [36,1], and during general organizational change
and restructuring [31,34]. In designing new organizational structures specifically,
and in the context of an action research study by Arnold, Op ’t Land, and
Dietz [37], EA was reported to enable the communication of project investment
decisions, to enable the conceptual consolidation of a project’s to-be situation
between stakeholders, and to support project scoping.

Project Portfolio Management. EA has been found to provide support in the con-
text of Project Portfolio Management, in cases like project portfolio planning [1],
IT portfolio management [36], and in addition in related investment decisions [36].

Decision Making. EA has been found to aid in the context of general decision-
making [36] activities, as well as in making decisions relating to Sourcing [1] and
the adoption of COTS Software [1].

Regulatory Compliance. EA has been found to provide support in the context
of regulatory compliance, be it general compliance management [1] or quality
management [1].

Systems Development. EA has been found to be of help in the context of Systems
Development, from the first phases during Project Initialization (e.g. project
scoping) [1] to general Systems Development support [36].

Risk Management. EA has been proposed to aid in the context of Risk Manage-
ment. Although there were cases identified were EA has been found to assist in
Business Continuity Planning [1] most of the risk management scenarios iden-
tified were IT-related; ranging from Security Management [1], Technology Risk
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Management [1], and IT Service Management [1], to more specific cases of inte-
grated Security Management solutions in business networks with heterogeneous
ICT [29]. In the latter, and in the context of a single case study, Pulkkinen,
Naumenko, and Luostarinen [29] report that EA contributes to a number of
Outcomes, like increasing the inter-organizational transparency and security of
exchanges of information and services, and ensuring the comprehensive and co-
ordinated IT and Security Management and Planning.

IT Costs Reduction. EA has also been found to be supportive in the context of
reducing IT-related costs, either through IT Consolidation (e.g. by eliminating
costly, redundant technological platforms) [1] or by better Management of IT
operations costs [1].

Organization Type. There has been some evidence concerning the applicability
of EA in both public and private organizations. Gregor, Hart, and Martin [33]
reported in the context of a study of an Australian government organization
that the application of EA was found to contribute to a number of Outcomes
and ultimately to that of Business and IT alignment, partially as a result of in-
troducing the EA Mechanism IS/IT Governance Framework. Similarly, Martin,
Gregor, and Hart [38] reported in the context of a study of two Australian gov-
ernment organizations that the application of EA was also found to contribute
to a number of Outcomes and ultimately to that of Business and IT alignment
(or business processes and IS alignment). Finally, Kamogawa and Okada [30]
deal with the business value of EA for private organizations in the context of
a survey of 300 stock-exchange-listed Japanese companies. Notably, their study
addresses, among others, the unearthing of a positive correlation between var-
ious financial measurements (e.g. ROA, ROS) which reflect an improvement in
business performance and the application of EA.

EA Mechanisms That Generate Outcomes (M)

EA Standards. In the context of a firm-level survey of 90 respondents that repre-
sent large and geographically dispersed organizations with subunits with consid-
erable autonomy in IT resources management, Boh and Yellin [32] reported on
the significant effect of EA Standards on reducing the IT infrastructure’s compo-
nents heterogeneity and services replication, and on achieving better integration
of enterprise applications and data.

EA Models. In the context of a relatively small survey of 51 respondents, Bucher
et al. [1] reported on a multitude of Contexts (or application scenarios, e.g. Se-
curity Management, IT Service Management) along four industry sectors (man-
ufacturing, telecom, finance/insurance, and software/IT) that EA Models are
said to support or constitute the foundation of.

IS/IT Governance Framework. In a context previously explicated, Gregor et al.
[33] reported, among others, on the important contribution of an IS/IT Gov-
ernance Framework to the achievement of Business and IT alignment. Beyond
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the scope of this research’s theme, but very important nevertheless to note, is
that Gregor et al. reinforce with their study the notion of the EA contribution
towards specific goals (in this case, alignment), in combination with—and not
in isolation from—other organizational alignment mechanisms.

The Enterprise Architecture Benefits Map

In this section we briefly present the Enterprise Architecture Benefits Map
(EABM), a full account of which is provided in [39]. The EABM serves as a
visual-oriented model to provide and enforce an appropriate structure on the
EA Benefits and their Relationships, so that they can be effectively and effi-
ciently understood and utilized. It could be argued that the sheer number and
complexity of the EA Benefits and their Relationships alone could provide the
raison d’être for devising such an artifact. Furthermore, we argue that, although
a “traditional” synthesis can be effective in presenting the originating studies in
relation to their researched outcomes, maintaining a narrative account of the
relationships between the outcomes can be cumbersome and counter-intuitive.
The EABM does not represent a novel artifact but rather builds on Kaplan and
Norton’s Strategy Maps (SM) [40]. As such, the EABM structurally echoes, but
semantically differs in certain aspects from the SM.

The EABM is comprised of four main Perspectives, each of which consists
of a number of Categories, which can be thought of as the second-level logical
grouping of EA Benefits. In antithesis to the SM, and for reasons of semantic
consistency, no Perspective directly groups EA Benefits; instead all EA Benefits
are grouped in Categories.

The Financial Perspective. Consists of the Financial Outcome Benefit Category,
which is used to describe how various financial-related organizational EA Bene-
fits contribute to the achievement of possibly multiple financial-related strategies.
Financial Outcome Benefits relate to financial-related organizational outcomes
including, but not limited to, financial gains occurring in relation to or as a result
of the i) more effective use and re-use of artifacts, processes or other resources,
ii) increase in profit or similar financial indicators, iii) reduction in costs and
wasted resources.

The Customer Perspective. Consists of the Customer Outcome Benefit Cate-
gory, which is used to describe how various customer-value-related organizational
EA Benefits contribute to the achievement of possibly multiple customer-value-
related strategies. Customer Outcome Benefits relate to customer-value-related
organizational outcomes referring either to a customer-value objective achieved
or to the contributing effect on such an objective. Additionally, they can relate
to the i) achievement of or the contributing effect on a customer-value-related
strategy, ii) realization/attainment of or contributing effect on a strategically
important customer characteristic (e.g. customer group).

The Internal Perspective. Used to describe the various business process bene-
fits–results of implementing an EA program on internal business processes. It
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Fig. 2. EABM displaying those EA Benefits that directly contribute to the Improve-
ment of Business-IT Alignment

consists of four Categories that group benefits stemming from the implementa-
tion of an EA program to processes relating to: i) Operations Management Pro-
cesses Category—the production and delivery of an organization’s products and
services; ii) the Customer Management Processes Category—customer acquisi-
tion and customer relationship sustainment and growth; iii) the Innovation Pro-
cesses Category—product/service/process innovation through R&D programs;
and iv) the Regulatory & Social Processes Category—the management and re-
porting of organizational performance on national and/or local regulations, and
other aspects of social interest.

The Learning & Growth Perspective. Used to describe those various intangi-
ble asset benefits–results of implementing an EA program on the intangible
assets of an organization, and how these benefits contribute to the achievement
of possibly multiple organizational strategies. It consists of three Categories
which group benefits stemming from the implementation of an EA program
to intangible assets relating to: i) the Human Capital Category—an organiza-
tion’s stock of workforce competencies; ii) the Information Capital Category—IT
infrastructure and information capital applications; and iii) the Organization
Capital Category—culture, leadership, teamwork and knowledge sharing, and
alignment (in the EABM, alignment applies to individual employees towards
BU and/or strategic objectives and incentives, between individual employees,
and between inter/intra-organizational structures).
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Organizational Outcomes-Results of the Application of EA (O)

After assigning the EA Benefits to the EABM categorization scheme, we drew
the actual EABM (Figure 1). We observe that the majority of the EA Benefits
belong to the Learning & Growth (52%) and the Internal (30%) Perspectives.
The Financial Perspective ranks third (16%), and the Customer Perspective ap-
pears extremely underrepresented (2%). From the 52 EA Benefits of the Learning
& Growth Perspective, almost two thirds belong to the Information Capital Cat-
egory (60%), exactly one third to the Organizational Capital Category (33%),
and just 8% to the Human Capital Category. From the 30 Internal Perspective
EA Benefits, half belong to the Innovation Processes Category, almost all of the
other half (47%) to the Operations Management Processes Category, only one
belongs to the Customer Management Processes Category (3%), and none to
the Regulatory & Social Processes Category. All of the 15 Innovation Processes
Category’s EA Benefits belong to its Design & Development Subcategory. Simi-
larly, most of the Operations Management Processes’ EA Benefits belong to its
Produce Products & Services Subcategory.

In total, we identified 65 Relationships between EA Benefits. As an example,
and for brevity and readability reasons, we limit ourselves in providing a second
EABM (Figure 2) that displays only a subset of them: those EA Benefits that
directly contribute to the Improvement of Business-IT Alignment2.

4 Discussion

Major Findings & Quality of the Evidence. Our research results provide a rich,
consolidated and scientifically established picture of the potential organizational
benefits of EA. By rich, we mean a full account of the available research findings:
unlike similar research on EA benefits (e.g. [4,41]) that reported on EA benefits
without taking into account any relevant context, this research sought to under-
stand and report not only the context within which certain benefits appear as
results of the application of an EA program on an organizational structure, but
also the generative mechanisms of EA that cause them.

The analysis of the 14 eligible studies revealed the current state of the sci-
entific and practitioner’s literature concerning the potential benefits of EA, as
describing 29 unique contexts within which EA has been found to deliver value,
100 unique benefits of EA, and 3 mechanisms that generate the value of EA.
The analysis of the results in relevant themes pinpointed, among other issues,
the evident emphasis of those studies towards IT and IT-related issues, both in
terms of Contexts and Outcomes—benefits of EA.

Certain contexts and several benefits have been found to semantically overlap
or to group more than one notion. Some benefits could arguably pose as ap-
plication scenarios (contexts) and vice versa. Others might appear vague or of
high-level abstraction. These facts are characteristic of the different intentions of
the original studies’ authors. The “affected” elements were incorporated with the
2 A complete account of the Relationships is available at [39].
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rest of the results without any alterations since that could potentially introduce
a range of issues from semantic discrepancies to non-existent cause and effect
relationships.

The vast majority of the potentially relevant studies we located was finally ex-
cluded from the synthesis, primarily because approximately two out of three were
found to be irrelevant, and secondarily because the remaining relevant studies
displayed various methodological or other qualitative “deficiencies” against the
assessment questions. We hold these results as indicative of the absence of a suf-
ficient number of research programs being conducted on the effectiveness of EA,
and additionally, of the relatively poor quality standards of either the contribut-
ing research or its reporting; at least as these score against the SLR’s assessment
questions.

Additionally, our results suggest an almost equal number of qualitative and
quantitative research designs among the eligible studies. We believe though that
the quantitative research design is not the most appropriate for researching and
reporting rich, highly contextual evidence. For that, we hold these results as
supportive to the notion of a deficit on the relative amount of rich evidence
available from the eligible studies. Supportive evidence to the last claim comes
from the large number of IO-logic design propositions found (in addition to
CIO-, CIM-, and CI-logic ), as compared to the small number of CIMO-logic
design propositions found, which is a clear indication of the relatively shallow
depth of analysis undertaken in several studies. This last effect was nevertheless
expected; it has been acknowledged by other researchers as it appears to be a
common characteristic of the research conducted in the management domain [8].

Meaning & Importance of the Major Findings. The results of this research project
respond to recent calls for research, not only on the potential benefits of EA [4]
but–equally important–on the relationships among them [41]. This study however
delivers additional value in that it takes into consideration the context in which
EA benefits occur and the mechanisms through which the benefits are generated.

For the problem of defining the applicability of EA as an organizational
problem-solving tool, relating EA benefits with a specific context functions as
a heuristic for minimizing the problem space. Additionally, relating EA benefits
with specific mechanisms of EA that generate them, provides an answer on how
the benefits were actually brought about and offers an additional, critical layer
of understanding of the applicability of EA.

Overall Completeness & Applicability of the Evidence. We hold our results as
providing a competent amount of evidence regarding the identification of the
benefits of EA, as these are perceived or established by researchers and prac-
titioners of the field. The evidence put forth by the review, however, is only
transferable to the extent that the individual, eligible studies’ results are. The
results of the literature review should be seen as potential benefits of EA and
their realization in real-world scenarios might depend on many other contex-
tual factors that require careful examination. Additionally, we acknowledge that
there might exist other EA benefits, not yet explored in research.
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The results of the SLR carry several implications for both researchers and prac-
titioners: i) enhancing the understanding on EA by providing valuable information
on potential EA benefits and their relationships, their applicability (context), and
their generative mechanisms, ii) enabling the scientifically grounded reasoning on
how EA might contribute to the achievement of certain business goals, establish-
ing thus the business case for EA and EA projects, and iii) providing an extensive
list of EA benefits that can function as a source for defining relevant objectives for
EA programs, as well as for defining EA effectiveness metrics.

Potential Biases & Limitations in the Review Process. The SLR method utilized
enabled a highly structured process with transparent and traceable results: all
aspects of the evidence produced and the relevant rationale that produced them,
are readily available and reported in [39]. However, the studies’ eligibility com-
pliance was undertaken solely by the main researcher. To counter possible bias,
ambiguities were resolved after consulting with members of the review panel.

In addition, although the study contends to be highly inclusive regarding the
total number of available studies on the subject of EA effectiveness, we under-
stand that it is highly improbable to have located all of them with the reported
search process, for a number of good reasons. First, we expect additional studies
to be available in other languages than the one our search focused on (English).
Second, we expect more gray literature to exist in sources that the researchers
do not currently have access to or are unaware of (e.g. organizational statistics,
internal reports). Third, we excluded search keywords relating to and studies
specifically reporting on the effects of Service Oriented Architecture (SOA), as we
have found the relationship between EA and SOA to be currently vaguely—and
sometimes even contradictory—defined in the relevant literature. Since SOA has
been defined (among others) as a competitor or an alternative to EA [42], it
follows that any reported benefits of SOA cannot be readily claimed by EA.

Suggestions for Further Research. We propose that additional systematic reviews
are conducted in the future with the aim of locating multilingual contributions
and additional gray literature. Judging by the results of this SLR, it is only
natural to call for more original, rigorously designed, executed, and reported
research on the ways EA contributes to the achievement of specific organizational
goals. Additionally, we invite researchers to make use of the EABM as a tool
for charting the existing academic research, in order to identify prominent or
currently uninvestigated organizational domains.

Furthermore,wepropose that future research targeting thebenefits ofEA,might
utilize theCIMO-logic prism in an effort to create useful, rich evidence that success-
fully relates outcomes to specific contexts and generative mechanisms; breaking
thus away from the sterile IO-logic usually purported in the management domain.

5 Conclusion

In the context of this research we conducted a systematic review of the literature
relating to the effectiveness of EA, with the explicit goal to discover those ways
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that the EA has been found to contribute to organizational goals. With the
aid of the CIMO-logic prism for extracting design propositions from the eligible
studies, and the EABM for making sense of EA Benefits and their Relationships,
the review produced rich evidence on the effectiveness of EA and at the same
time revealed the current state of the relevant literature. Insights gained include
an evident emphasis of the existing research targeting IT and IT-related effects
of EA, an evident shortage of research programs being generally conducted on
the issue, an apparent poor research design and/or reporting quality of several
literature contributions, and an apparent “shallow” research evidence depth— to
an extent the result of the quantitative research design focus of several studies.
However, we acknowledge that the study might not have covered the entire span
of available literature for a number of reasons (e.g. the language of the retrieved
publications).
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Abstract. In recent years, Enterprise Architecture (EA) has become a
discipline for business and IT-system management. While much research
focuses on theoretical contributions related to EA, very few studies use
statistical tools to analyze empirical data.

This paper investigates the actual application of EA, by giving a broad
overview of the usage of enterprise architecture in Swedish, German, Aus-
trian and Swiss companies. 162 EA professionals answered a survey orig-
inally focusing on the relation between IT/business alignment (ITBA)
and EA. The dataset provides answers to questions such as: For how
many years have companies been using EA models, tools, processes and
roles? How is ITBA in relation to EA perceived at companies?

In particular, the survey has investigated quality attributes of EA, re-
lated to IT-systems, business and IT governance. One important result is
some interesting correlations between how these qualities are prioritized.
For example, a high concern for interoperability correlates with a high
concern for maintainability.

Keywords: Enterprise architecture, Survey, Practice, Trends.

1 Introduction

Managing IT-systems today is a complex business [1]. In recent years, Enterprise
Architecture (EA) has become a discipline for business and IT-system manage-
ment [1]. EA describes the fundamental artifacts of business and IT as well as
their interrelationships [1,2,3,4,5]. Architecture models constitute the core of the
approach and serve the purpose of making the complexities of the real world un-
derstandable and manageable to stakeholders [3]. A main concept in EA is the
metamodel, which acts as a pattern for the instantiation of the architectural
models. In other words, a metamodel is a language representation used when
creating models [2,4,6,7]. EA ideally aids the stakeholders of the enterprise to
effectively plan, design, document, and communicate IT and business related
issues, i.e. they provide decision support for the stakeholders [7].

E. Proper et al. (Eds.): TEAR 2010, LNBIP 70, pp. 16–29, 2010.
c© Springer-Verlag Berlin Heidelberg 2010
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In research EA is increasing in visibility and the strengths are frequently
discussed. One question that has not been thoroughly addressed is the actual
extent to which EA is employed in the industry and how this usage looks. Many
research papers focus on theoretical contributions related to EA. Some use case
studies to exemplify or test their EA contributions, but very few use statistical
tools to test hypotheses related to EA. Thus, it is difficult to find any proof of
EA really being applicable. This might be due to the fact that few companies
actually employ EA today, or it may be a sign of the immaturity of the discipline.
This paper does not provide this kind of proof either, however it does give
some empirical input for discussion and other researchers might find interesting
hypotheses to test in their work.

The contribution of this paper is twofold. Firstly, this paper aims at giving a
broad overview of the usage of enterprise architecture in Swedish, German, Aus-
trian and Swiss companies. 162 EA professionals answered a survey originally
focusing on the relation between IT/business alignment (ITBA) and EA. While
the results have been employed elsewhere in efforts to create actionable artifacts
to achieve high ITBA [8,9], the dataset can also be used in a more descriptive
fashion to answer questions such as: For how many years have companies been
using EA models, tools, processes and roles? How is ITBA in relation to EA per-
ceived at companies? How are IT-system, business and IT governance concerns
perceived and prioritized at companies?

Secondly, the survey presented in this paper focused on IT/business align-
ment and its relation to different quality attributes of enterprise architecture,
i.e. qualities of the business such as flexibility and efficiency, IT governance
e.g. plan/organize and IT-systems for example availability and maintainability.
By employing correlation analysis among these qualities we found that the com-
panies prioritize these differently. Our main findings show that companies who
prioritize performance also prioritize availability, that companies who prioritize
interoperability also prioritize maintainability, that companies who prioritize
usability also prioritize suitability, and that companies who prioritize decision
support also prioritize control and follow up. Based on this correlation analysis
future research focus can be concentrated on the most sought after aspects of EA.
In the long run these aspects can influence the content of the EA metamodels
used in different companies [10,8].

1.1 Outline

The remainder of this paper is structured as follows. Section 2 contrasts the
present contribution with some related work in the fields of Enterprise Archi-
tecture. In section 3, the survey areas of IT-system qualities, business qualities
and IT governance qualities are detailed, followed by a description of the data
collection method in section 4. Section 5 is the locus of the main contribution,
presenting the data collected through the survey along with an analysis. Sec-
tion 6 contains a discussion of the results, and some concluding remarks are
given in section 7.
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2 Related Work

To place the present contribution in a proper context, this section outlines some
related work and important concepts. The main research discipline is covered,
namely enterprise architecture.

EA has been proposed as an approach for managing the business and IT on a
strategic level. EA targets a holistic and unified scope of an organization [11,12].
This overarching perspective is also present in the ISO/IEC 42010:2007 standard,
defining architecture as ”the fundamental organization of a system, embodied
in its components, their relationships to each other and the environment, and
the principles governing its design and evolution” [13]. As a consequence of this
wide scope, EA is typically not limited to IT, but also encompasses the relation
and support of IT to the business. Thus, in many respects EA can be seen as a
tool for achieving alignment between business and IT.

If the joint scope of IT and business is one defining part of EA, its model-based
methodology is another. As the name hints, architectural descriptions are central
in EA. These descriptions include entities covering a broad range of phenomena,
such as strategic aspects, organizational structure, business processes, software
and data, as well as IT infrastructure [2,3,14]. A large number of EA frameworks
have been proposed by the community, each detailing the kind of entities that
should be part of the modeling effort. Some examples are [4,15,16,17].

Essentially, EA models serve the purpose of helping various stakeholders in an
organization to document and thus understand the complex enterprise, analyze
the properties of current and potential future scenarios, plan and design future
scenarios and the road to get there, as well as communicating the current and
future state of affairs to other stakeholders in the organization. Furthermore, by
focusing on particular needs of decision-makers – modeling not for modeling’s
sake, but for particular purposes – EA can be used as a powerful decision-support
tool [6].

Wai Fong Boh and Daniel Yellin [18] present a study focusing on the em-
ployment of enterprise architecture standards and their effect on information
technology management. They ask two research questions: (i) how do different
governance mechanisms affect the use of EA standards? (ii) to what extent does
the use of EA standards help organizations improve the sharing and integration
of IT resources across the enterprise? These research questions are addressed by
testing eight hypotheses, for instance: Organizations that have mechanisms to
facilitate stakeholder involvement are more likely to see greater use of and con-
formance to EA standards. The hypotheses were tested with data collected in a
survey sent to 47 organizations. 112 responses were obtained from the survey. By
using the partial least squares (PLS)-based structural equation modeling (SEM)
they found that (i) each type of governance mechanism had a different impact
on each type of EA standard, and (ii) the use of EA standards was significant
in helping organizations to effectively manage all four types of IT resources.

Sabine Buckl et al., in a survey of EA tools, investigate the expectations
regarding EA amongst industrial practitioners [19]. However, the scope of this
investigation differs from the scope of the present paper.
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3 Research Framework

In the subsequent subsections, each of the three areas – (i) IT-system qualities,
(ii) business qualities, and (iii) IT governance qualities – is detailed.

3.1 IT-System Qualities

The IT-system qualities employed are based on the ISO 9126 standard
[13,20,21,22,23]. These qualities have also been used in the EA research at the
Royal Institute of Technology (KTH), perhaps most prominently in the book
”Enterprise Architecture – Models and analyses for information systems deci-
sion making” [6].

Performance, or efficiency, as the ISO/IEC 9126 labels it, is a quality that
characterizes how much work a system can perform and how fast. Performance
is defined as the degree to which an IT-system can meet its objective in terms
of scalability and responsiveness [24].

Interoperability is described as the ability of two or more systems or compo-
nents to exchange information and to use that information [25]. Interoperability
is defined in terms of two kinds of data exchangeability, one related to data
formats and the other related to a user’s attempts to exchange data [13].

The availability of a system indicates how often a system is ready to deliver
its services to its users. Post factum, availability is defined as the ratio between
the system’s time in service (uptime) and the total time (uptime plus downtime),
[6,26].

The most common definition of IT-system security is how well the system is
capable of preserving the confidentiality, integrity and availability of its internal
information [27,28].

The usability of a system reflects how easy it is for a user to interact with
and perform his or her tasks in the system. [21] defines usability as the under-
standability, learnability, operability and attractiveness of an IT-system.

The accuracy of an IT-system is measured by the degree to which it produces
resulting data that is accurate and precise. This is determined by comparing the
output value with the expected or ”real” value [6].

The ease with which an IT-system can be modified or adapted to a changed
environment is referred to as maintainability, sometimes also identified as mod-
ifiability [25]. Inspired by [29], maintainability is defined by five sub-qualities,
viz. flexibility, reusability, extensibility, portability, and integrability. These de-
scribe the different kinds of changes a system can be exposed to during its lifetime.

The suitability of an IT-system is the degree to which the functionality of the
system supports the system’s intended work tasks. That is, a suitable system offers
the functions specified in the requirements specification, and meets user expecta-
tions with regard to functionality. The definition of suitability used here is bor-
rowed from [13]. This definition stipulates that a system’s suitability is contingent
upon the systems functional adequacy, functional implementation completeness,
functional implementation coverage and functional specification stability.
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3.2 Business Qualities

The business qualities are based on a taxonomy originally presented by [30],
which is based on a literature consolidation of over 500 papers and 20 books.
The particular subset of this taxonomy employed in the present survey is that
used by [31].

Flexibility is defined as the degree to which the business processes and or-
ganizational units in a company have the ability to adapt to changes in market
conditions/requirements, e.g. changed demand, political and economical factors.

Efficiency concerns the degree to which the business processes in a company
exhibit short manufacturing times/lead times/cycle times/work times, much au-
tomation of work etc.

Effectiveness is the degree to which the business processes in a company
produce what the market demands and spend little time on paperwork and
administration.

Integration and coordination focuses on the degree to which the organiza-
tional units in a company have the ability to integrate and coordinate different
parts of the organization, i.e. coordination of the production and the distribution
department, of the sales and production planning departments etc.

Decision support deals with the degree to which an organizational unit has
proper decision support, i.e. makes well-informed decisions, decisions are taken
close to operations, decisions have high reliability and low uncertainty, decisions
made are accepted by the organization etc.

Control and follow up is defined as the degree to which an organization
have the ability to control and follow up work i.e. decisions are evaluated in ret-
rospect, lessons learned are documented and re-used, new projects take previous
experiences into account etc.

Organizational culture means to what degree the organizational culture in a
company is appreciated by the people working at the company, i.e. there is a high
job satisfaction and motivation, no negative stress, low numbers of sick leave etc.

3.3 IT Governance Qualities

The IT governance qualities are based on the four main processes of the well-
known COBIT standard [32].

Plan and organize covers strategy and tactics, and concerns the identifi-
cation of the way IT can best contribute to the achievement of the business
objectives.

Acquire and implement is about realizing the IT strategy, identifying,
developing, or acquiring IT solutions, as well as implementing and integrating
these into the business processes.

Deliver and support is concerned with the actual delivery of required ser-
vices, which includes service delivery, management of security and continuity,
service support for users, and management of data and operational facilities.

Monitor and evaluate addresses performance management, monitoring of
internal control, regulatory compliance and governance in order to keep or im-
prove quality and compliance with control requirements.
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Compared to the IT-system and business qualities, the IT governance qualities
might prima facie look more like activities. However, this should be interpreted
as an operationalization of IT governance qualities in terms of maturity of the
IT processes. Thus, the IT processes per se are not our primary interest here.

4 Data Collection

An on-line survey was used for data collection. Prior to distribution, the survey
was pretested to a select number of EA experts and valuable comments were
received and addressed. Invitations were emailed to EA professionals in Sweden,
Switzerland, Austria and Germany. The email addresses were condensed from
the attendance lists of EA practitioner conferences that have been organized by
the authoring institutions. Additionally a web link to the survey was posted on
several EA community websites. Out of 1105 invitations sent, 92 emails bounced,
339 persons started and 174 persons completed the survey. The on-line survey
was active for ten days (September 11-21, 2009). The survey included a final
question regarding the respondent’s confidence with his or her answers. Twelve
persons stated weak confidence so their answers were not further considered. A
total of 162 completely filled-out surveys are subjected to the analysis below.
Figure 1 describes the dataset in detail.

The survey is comprised of four parts: Part one of the survey contains ques-
tions regarding the background of the respondents such as industry, country,
and company size as well as the respondent’s role and involvement with EA.
Respondents employed by a consulting company had the option to answer on
behalf of a client company. 43 respondents used this option. The second part of
the survey has two sections. The first section contains questions addressing EA
use for IT/business alignment and the importance and perceived maturity of

Industry Count Percent
Financial industry 49 30.2%
Utility 23 14.2%
Manufacturing 17 10.5%
Other 13 8.0%
Transportation 12 7.4%
Telecommunication 10 6.2%
Software industry 8 4.9%
Public sector 7 4.3%
Defense/Military 7 4.3%
IT/Management consulting 4 2.5%
Health care/Pharmaceutical 3 1.9%
Engineering/Architecture 3 1.9%
Academia/Research 2 1.2%
Tourism 2 1.2%
Retail 2 1.2%

162 100.0%

Size of company Count Percent
<100 employees 15 9.3%
100-1.000 32 19.8%
1.001-5.000 33 20.4%
5.001-10.000 15 9.3%
10.001-25.000 28 17.3%
>25.000 39 24.1%

162 100.0%

Area of activity Count Percent
Business management 28 17.3%
Business unit 22 13.6%
IT department 52 32.1%
IT management 60 37.0%

162 100.0%

Country Count Percent
Austria 4 2.5%
Finland 1 0.6%
Germany 28 17.3%
Sweden 73 45.1%
Switzerland 56 34.6%

162 100.0%

Fig. 1. Data set description
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IT/business alignment at the respondent’s company. Section two contains more
detailed questions related to IT/business alignment and the positioning of the
IT department within the respondent’s company. The third part of the survey
addresses the qualities regarding IT, business, and IT governance as presented
in section 3. For each quality one statement was posted and the respondents
were asked to mark the actual (as-is) situation (degree of realization) and de-
sired (to-be) situation (importance for future realization) on a five-point Likert
scale (where 1 equals very low, 2 equals low, 3 equals medium, 4 equals high,
and 5 equals very high). For the to-be situation, the respondents were cautioned
to keep in mind that resources are limited and that the most important con-
cerns need to be prioritized. The final part of the survey contains a question on
the respondents’ confidence regarding the answers, as well as the possibility to
submit questions and feedback to the authors.

5 Analysis

The section aims at presenting the analysis of the data collected in the survey
and the results obtained from this analysis. The first subsection presents descrip-
tive data from the survey, while the second subsection presents an exploratory
correlation analysis among the questions.

5.1 Enterprise Architecture – Descriptive Data

In the following, descriptive data from the survey is presented in the form of box
plots. As is common, these plots contain five basic characteristics of the data sets:
The maxima and minima, the median, and the first and third quartiles cutting off
the lowest and the highest 25% of the data sets respectively. In addition, the plots
also display the arithmetic means of the data sets (marked by asterisks, *).

Figure 2 displays experience of EA among the respondents. This is the only
plot where outliers have been removed: one response on the tools question and
two responses on each of the other questions claiming experience of more than 22
years have been removed. This cut-off limit was derived by setting the seminal
Zachman 1987 publication [5] as a starting point for when it is meaningful to
speak of EA and experience thereof.

As is evident from the plot, the adoption of models seems to precede the
adoption of tools, processes and roles.

Figure 3 illustrates the perception of IT/business alignment among the re-
spondents. It is clear that the respondents perceive that this issue is important
in their companies, but not that the actual level of alignment is equally high. EA
methods are perceived to support IT/business alignment to a moderate extent.

Figure 4 illustrates the perception of actual and desired situations with regard
to software application and system concerns. One general trend that can be
identified is that the future aspirations are higher than the present situation.
The qualities are also valued slightly differently, with availability appearing as
the most important concern and maintainability as the least important one.
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Fig. 2. Experience of EA among the respondents (N = 160, N = 161, N = 160,
N = 160)
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Fig. 3. The perception of IT/business alignment among the respondents (N = 153,
N = 159, N = 160). Scale from 1 (very low) to 5 (very high).

Figure 5 illustrates the perception of actual and desired situations with regard
to business concerns. Again, there is a trend of future aspirations that are higher
than the present situation.
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Fig. 4. The perception of actual and desired situations with regard to software applica-
tion and system concerns (N = 158, N = 158, N = 157, N = 158, N = 159, N = 158,
N = 154, N = 157, N = 160, N = 159, N = 159, N = 156, N = 158, N = 155,
N = 160, N = 160). Scale from 1 (very low) to 5 (very high).
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Fig. 5. The perception of actual and desired situations with regard to business concerns
(N = 160, N = 157, N = 159, N = 157, N = 158, N = 157, N = 159, N = 158,
N = 158, N = 154, N = 160, N = 156, N = 156, N = 151). Scale from 1 (very low)
to 5 (very high).
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Fig. 6. The perception of actual and desired situations with regard to business concerns
(N = 160, N = 157, N = 159, N = 157, N = 158, N = 157, N = 159, N = 158,
N = 158, N = 154, N = 160, N = 156, N = 156, N = 151). Scale from 1 (very low)
to 5 (very high).

Figure 6 illustrates the perception of actual and desired situations with regard
to IT governance concerns. Again, the trend of future aspirations being higher
than the present situation is apparent.

5.2 Qualities – Correlation and Descriptive Data

Secondly, the survey data was used for a more exploratory analysis of the cor-
relations found in the survey material. By looking through the entire material
for strong correlations (> 0.5) significant on the 0.01 level, a few interesting
observations could be made:

The IT-systems quality attributes of Performance and Availability correlate
strongly, both in the as-is situation (0.539) and the to-be situation (0.578), sig-
nificant on the 0.01 level. This means that in companies where performance is an
important concern, so is availability – and vice versa, that in companies where
performance is not an important concern, neither is availability. This is a rea-
sonable result, as these two qualities are rather similar. An IT-system that runs
extremely slowly, i.e. shows poor performance, at some point simply should be
considered completely unavailable.

The IT-systems quality attributes of Interoperability and Maintainability cor-
relate strongly, both in the as-is situation (0.526) and the to-be situation (0.512),
significant on the 0.01 level. This means that in companies where interoperability
is an important concern, so is maintainability – and vice versa, that in companies
where interoperability is not an important concern, neither is maintainability.
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This is a reasonable result, as these two qualities often relate to each other. One
important reason why IT-systems need to be maintained and modified through-
out their life-cycle is to perform integrations with other systems, i.e. for interop-
erability purposes. Conversely, systems can be interoperable by virtue of being
easy to maintain, viz. the changes needed to become interoperable can easily be
brought about.

The IT-systems quality attributes of Usability and Suitability correlate
strongly, both in the as-is situation (0.517) and the to-be situation (0.538), sig-
nificant on the 0.01 level. This means that in companies where usability is an
important concern, so is suitability – and vice versa, that in companies where
usability is not an important concern, neither is suitability. This is a reasonable
result, as it should be expected that an IT-system suitable for its task is more
user-friendly than a less suitable one.

Turning to the business qualities, Decision support and Control and follow
up correlate strongly, both in the as-is situation (0.565) and the to-be situation
(0.538), significant on the 0.01 level. This means that in companies where de-
cision support is an important concern, so is control and follow up – and vice
versa, that in companies where decision support is not an important concern,
neither is control and follow up. This is a reasonable result, since concern for
good decision-making should make follow up of the decisions a priority as well.

In the area of business qualities, correlations between Efficiency and Effec-
tiveness were also found. However, we are reluctant to make too much of these
findings, as there is a considerable risk of semantic confusion being responsible
for these correlations.

It should be noted that, apart from being significant on the 0.01 level, all
the correlations described above hold for both the as-is situation and the to-be
situation. In the authors’ opinion, this makes them strong candidates for future
investigations. Still, it should be emphasized that these correlations have been
found by an explorative investigation, not by prior hypothesis. The results of
this section are summarized in Table 1.

Table 1. Strong correlations (> 0.5) significant on the 0.01 level, between concerns for
different qualities

Quality 1 Quality 2 As-is correlation To-be correlation

Performance Availability 0.539 0.578
Interoperability Maintainability 0.526 0.512
Usability Suitability 0.517 0.538
Decision support Control and follow up 0.565 0.538

6 Discussion

Considering the results presented in section 5, it is striking how some simple
patterns re-appear throughout the survey results:
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1. The differences between as-is qualities within each of the IT-system, business
and IT governance categories are not very large. It seems that the bulk of
companies judge themselves to be somewhere in the middle with regard to
most IT-system, business and IT governance qualities.

2. The differences between to-be qualities are similarly small. This is more in-
teresting, since the survey explicitly asked for prioritizations when it comes
to the to-be situation. With limited resources, all qualities cannot be pri-
oritized. The fact that the to-be responses, over the board, looks like just
slightly elevated versions of the as-is responses is disconcerting. Three ex-
planations are possible:

(i) The respondents themselves have tried to prioritize, but failed.
(ii) The respondents have truthfully reported the situation at their com-

panies, and it is the companies that have failed to prioritize.
(iii) The answers are due to the structure and formulation of the survey.
Explanation (iii) is certainly the case to some extent. For example, the on-line
survey could have been programmed to force rankings from the respondents,
rather than merely asking for them. Nevertheless, explanations (i) and (ii) are
probably also present, indicating a lack of ability or willingness to prioritize
on the part of either (i) individual respondents or (ii) their companies.

The explorative search for strong correlations reveals a few interesting pairs of
concerns, as summarized in Table 1. A potential implication is that research
dealing with these qualities could be made more useful by also taking the cor-
related quality into account. Thus, interoperability research such as [33] could
be deemed more relevant by practitioners if also taking maintainability research
such as [34] into account, and vice versa.

7 Conclusions

There is a disconcerting trend to be found in the survey responses, viz. the in-
ability to prioritize. While this trend ought to be further investigated – using
methods that eliminate the risk of spurious answers – some preliminary conclu-
sions can be drawn.

An implication for the communities of research, consultancy, tool vending
etc. is the need to help companies prioritize properly. Note that this implication
holds even if this survey trend is a spurious result of the way the questions were
asked – if so, this shows how vulnerable the ability to prioritize is to haphazard
circumstances.

If Enterprise Architecture is to become successful, it must not fall victim to
company inability to prioritize, followed by thin-spread resources, and result-
ing disappointments. Interesting future work thus naturally includes research
into the impact of prioritization – to what extent does the success of Enterprise
Architecture depend on proper prioritization? Another area of future work is fur-
ther investigation of the strong correlations found between concerns for various
IT-system, business and IT governance qualities.
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One additional implication for the research community is due to the pairs of
concerns, as summarized in Table 1. This pairing can be used to make research
on one concern more relevant by also including aspects of the other concern.
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Abstract. The Internal Revenue Service Business Modernization Project under-
taken by the Tax Agency of the US Government has been singled out as an  
example of a massive failure. As envisioned, the project was intended as an En-
terprise-wide intervention that would provide modern services and effective 
data access to citizenry and several government agencies. After more than a 
decade and 3 billion dollars later, the results appear to be less than exemplary. 
This paper identifies different stakeholders who participated in the project, and 
analyzes the sentiments and confidence each expressed with a view to under-
standing what and how things may or may not have worked. We conclude with 
lessons learned from our investigation including recognizing the importance of 
multiple stakeholders for Enterprise-wide initiatives.  

1   Introduction 

Enterprise architecture represents the planning for and explicit arrangement of several 
components of an enterprise to ensure that the enterprise goals are met in an effective 
and efficient manner. It addresses not only the underlying business logic but also the 
information technology infrastructure that is designed to support the business logic. 
Enterprise-wide initiatives to understand, refine, and sometimes drastically overhaul 
this architecture are, therefore, a necessary component of realizing the vision of a 
more effective and efficient enterprise architecture. These initiatives can take many 
forms including organizational change, application portfolio management as well as 
enterprise-wide initiatives to radically transform both the technology infrastructure as 
well as business practice.  

The IRS modernization project (Phillips 2009) was an example of the third strat-
egy: a radical transformation of both the information technology infrastructure as well 
as the business practices. Given its sub-par performance, it was also a project that was 
reviled by practitioners and consultants alike (see, e.g. Charrette 2005). In this paper, 
we consider this project as an example of an Enterprise-wide Initiative aimed at Ar-
chitectural Re-organization. The involvement of a wide range of stakeholders, both 
internal and external, is a pre-requisite for such efforts.  

These stakeholders may each have a different agenda, and may, as a result, perceive the 
re-organization and re-architecting effort differently. Their perceptions of the project will 
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not only determine how they participate in the effort but will also be a significant contribu-
tor to determining overall project progress. In a sense, the stakeholders may act as distrib-
uted sensors as well as signal activators through the project. With hindsight, one can make 
sense of why certain attitudes changed and based on these, speculate about possible clues 
that may be seen as early indicators of how the re-architecting effort is progressing. This 
research was, therefore, undertaken with in an open-ended research question.  

• What can longitudinal analyses of stakeholder sentiments and expressed con-
fidence reveal about the progress of a re-architecting effort?  

As we continue this project, we hope to discover early clues to project success or 
predict impending project failures. The analysis may allow us to identify clusters of 
stakeholders, and identify internal as well as external sources of project risk. And it 
may provide an understanding of how the network of stakeholders may evolve 
through the effort. The techniques we report in this paper represent analyses for the 
first step of the project. They include Sentiment and Confidence analysis following 
content analysis techniques (see Weber 1996 for a recent introduction), extended and 
refined for the purpose of this research. With these techniques, we analyze publicly 
available documents such as assessment documents and press reports to map the sen-
timents expressed by different stakeholders over time. The key contribution of this 
research is the explication of several longitudinal analyses of stakeholder sentiments 
and associated interpretations, which may reveal problems and concerns about the 
project as well as the evolution of the network of stakeholders.  

2   Prior Work 

2.1   Large Scale Enterprise (Re-)Architecting Efforts 

Much writing about Enterprise Architecture (EA) implicates multiple layers and inter-
dependencies among these. A number of definitions, for example, assert that the defi-
nition of a “system” from IEEE Standard 610.12 or UML 1.3 may provide a useful 
starting point to understand EA efforts. The definition includes: a collection of con-
nected units that are organized to accomplish a specific purpose, or a collection of 
components organized to accomplish a specific function or set of functions. The Ar-
chitecture of a System is then defined, again following ANSI/IEEE Standard 1471-
2000 as: the fundamental organization of a system, embodied in its components, their 
relationships to each other and the environment, and the principles governing its de-
sign and evolution. A similar idea is expounded by TOGAF, emphasizing the formal 
description as well as the structure of the components of a system. TOGAF, however, 
expands the definition to include the principles and guidelines governing the design 
and evolution of the components within the system over time.  

This, more dynamic, viewpoint is also encapsulated by the Clinger-Cohen Act, 
which focuses on the IT Architecture: "The term `information technology architecture', 
with respect to an executive agency, means an integrated framework for evolving or 
maintaining existing information technology and acquiring new information technol-
ogy to achieve the agency's strategic goals and information resources management 
goals.” With additional such definitions, the separation and inter-dependencies among 
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the different levels is also emphasized, such as The Open Group’s definition, which 
includes: business architecture (business strategy, governance, organization, and key 
processes), data/information architecture (structure of an organization's logical and 
physical data resources), application architecture (a blueprint for the individual appli-
cation systems to be deployed, their interactions, and their relationships to the core 
processes), and information technology architecture (software infrastructure intended 
to support the deployment of core, mission-critical applications). This multi-layer and 
complex view of architecture is also compared to the view of Enterprise Architecture 
as  “system of systems” (Brownsword et al. 2006).  

A dynamic view of Enterprise Architecture, then, is sometimes described as “Ar-
chitecting” instead of “Architecture” (a verb instead of a noun). The multiple layers 
and inter-dependencies across these layers means Enterprise Architecting is, of neces-
sity, a large and complex endeavor that can take a long time and consume significant 
organizational resources. By its very definition, a Re-Architecting process can change 
the relationships among stakeholders and may change the population of stakeholders 
as well. Large-scale re-architecting efforts are, therefore, comparable to large scale 
interventions in a system of systems, where the intervention can change the balance of 
power among stakeholders, adjust reward systems and reposition alliances, all either 
as a result of or in conjunction with changes to the underlying application, data and 
technology infrastructure. The case we study in this paper is one such example of re-
architecting, brought about by external forces, which resulted in significant changes in 
the different architectural components.  

2.2   Stakeholder Analysis in Project Management  

Viewing the re-architecting effort as a large-scale project requires us to consider the 
different stakeholders that may be part of the effort. This perspective is useful because it 
allows a time-bound view of the re-architecting effort and allows us to use prior research 
related to project management (e.g. Aaltonen 2010). A particular stream of work from 
this domain that is useful to us is the idea of multiple stakeholders and how these stake-
holder relationships can be managed. Much prior research suggests that stakeholder 
analysis must be an active component for successful project management. This includes 
activities such as stakeholder identification, stakeholder recruitment and stakeholder 
negotiations. Each is intended to increase the likelihood of success in large projects, 
which are invariably linked to changes in availability of information and other resources 
and consequent changes in the balance of power (Markus and Robey 1988). In addition, 
the work also suggests that stakeholder analysis for large-scale re-architecting efforts 
should include not only internal stakeholders but also external stakeholders. For the case 
we study in this paper, this notion of internal as well as external stakeholders operational-
ized as citizenry as well other government agencies is particularly important.  

3   The Case: The IRS Business Systems Modernization Effort 

3.1   Context  

The Business Systems Modernization (BSM) program was threatened ever since its 
inception (in 1999) by delays, scope reductions, funding reductions, and poor costing 
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(Gardiner 2002; Gardiner 2003; Gardiner 2004; George 2005; George 2006; George 
2007; George 2008; George 2009; Williams, 1999; Williams; 2000; Williams, 2002). 
As late as 2007, that is, after eight years of efforts, several systems considered a part 
of the BSM program were still incomplete and behind schedule (Phillips 2007). A 
module illustrative of the problems that IRS faced is the Customer Account Data 
Engine (referred to as CADE). This module, designed to process and store income tax 
returns, was supposed to be the ‘centerpiece throughout the life of the Modernization 
Program’ (Phillips, 2009). However, after a decade of implementation efforts (that is, 
as of 2009), only 30% of individual income tax returns were processed through this 
module (Phillips 2009). Contrast this with what the IRS had originally projected: that 
this module would be completed by 2005. Instead, in 2007, the IRS changed its esti-
mated completion date for this module to 2012 (George 2006); and in 2009, the IRS 
suspended development of the module (White 2009).  

The BSM project was conceived in response to the bill, signed into law by then 
President Clinton on July 22, 1998. The Internal Revenue Service (IRS) Restructuring 
Reform Act of 1998 (RRA 98) required the IRS, among other things, to restructure 
itself to better serve taxpayers and mandated that the IRS improve its systems for this 
purpose (Watts, Groen, Matsubara, Hovey & Whittle 2005). The program was con-
sidered inherently important to IRS because of its close association to the IRS’s stated 
mission: “provide America's taxpayers top quality service by helping them understand 
and meet their tax responsibilities and by applying the tax law with integrity and fair-
ness to all” (Internal Revenue Service 2007). The mandate for systems modernization 
lead to the first contract that the IRS entered into with Computer Sciences Corpora-
tion (CSC). CSC was charged with assembling a team of contractors, known as the 
PRIME Alliance, to develop new systems for the IRS to achieve modernization (Wil-
liams 1999; Internal Revenue Service 1998). The IRS also created a Business Systems 
Modernization (BSM) Office that was charged with leading the IRS’s acquisition and 
implementation of new technology (Williams 1999). By 2009, the cumulative amount 
of funding spent on the BSM program is nearing USD 3 billion (Phillips 2009). In 
addition to the problems with the CADE module , a number of other challenges con-
tinue to plague the effort (see Table 1). 

Table 1. BSM Program: Key Challenges (TIGTA 2009) 

• Development of long-term systems requirements challenging.  
• Continued weaknesses in program and contract management.  
• Problems identified with security controls.  
• IRS acknowledges that a “strategy correction” is needed.  
• Difficulties in obtaining qualified personnel and sufficient funding.  

 

3.2   Stakeholders 

As a complex and large-scale Enterprise Re-architecting effort, the BSM project in-
volved several external stakeholders (see Table 2).  
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Table 2. External Stakeholders in the IRS BSM Project 

• The Treasury Department  
• The US Congress  
• The General Accounting Office (GAO)  
• Contractor 
• Taxpayers  

 
The Treasury Department is responsible for overseeing the IRS, including but not 

limited to managing federal finances, supervising national banks, designing currency, 
and advising on economic policy (U.S. Department of the Treasury 2008). The Re-
structuring Reform Act (RRA 98) required the Treasury Department to create two 
roles, which have published frequent reports about the BSM program. These roles 
include: (a) a Treasury Inspector General for Tax Administration (TIGTA), reporting 
to the Treasury Secretary, to conduct audits, investigations, and evaluation of IRS 
programs and operations (Watts et al., 2005); and (b) an IRS Oversight Board, con-
sisting of nine members – six who are neither federal officers nor federal employees, 
one full-time federal employee, the Treasury Secretary (or Deputy Secretary if re-
sponsibility delegated), and the IRS Commissioner (Watts et al. 2005) – to review 
strategic plans and operational functions of the IRS (Watts et al. 2005). 

The US Congress is responsible for passing tax laws that taxpayers are required to 
comply with. The IRS is responsible for incorporating new tax laws into its systems, 
communications, and procedures in time for taxpayers to comply with these new 
laws. After receiving a proposed budget from the US President’s office each year, the 
US Congress is also responsible for approving the level of funding for federal pro-
grams, including the IRS BSM program.  

The General Accounting Office (GAO) is responsible for monitoring the progress 
and performance of BSM and report on it because the US Congress has deemed it 
sufficiently important. The GAO describes itself as, “the U.S. Government Account-
ability Office (GAO) is an independent, nonpartisan agency that works for Congress. 
Often called the ‘congressional watchdog,’ GAO investigates how the federal gov-
ernment spends taxpayer dollars” (U.S. Government Accountability Office 2010). 
Similar to the TIGTA and the IRS Oversight Board, the GAO has published frequent 
reports addressing the BSM program, at the request of the US Congress. 

Contractors are external IT vendors and staff to whom the IRS outsources systems 
work. Computer Sciences Corporation (CSC) was contracted by the IRS to lead the 
PRIME Alliance. In the early stages of the BSM program, CSC was responsible for 
hiring other contractors and coordinating their work (Gardiner 2005). However, in 
early 2005, the IRS scaled back the role of CSC and took on the role of system inte-
grator, leaving CSC largely in a systems development role (Gardiner 2005). In addi-
tion to CSC, several others have been involved with the BSM program in different 
capacities. 

Taxpayers are one of the primary users of many BSM systems. TIGTA reports re-
flect that the IRS typically defines BSM program goals, at least partly, in terms of 
taxpayer benefits (Gardiner 2002; Gardiner 2003; Gardiner 2004; George 2005; 
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George 2006; George 2007; George 2008; George 2009; Williams, 1999; Williams 
2000; Williams 2002). They also indirectly fund the BSM effort with taxes paid. 

There were several internal stakeholders as well (see Table 3).  

Table 3. Internal Stakeholders in the IRS BSM Project 

• Senior Management 
• Taxpayer Divisions 
• The Internal IT Organization 
• Contractor 
• Taxpayers  

 
Senior Management is made up of the IRS Commissioner who has the most senior 

position within the IRS. During the BSM project, three separate individuals have held 
this office. In addition, the senior management is made up of the CIO (and since 
2998, the role of a CTO). 

Taxpayer Divisions were created in October 2000 in response to the RRA 98 
mandate, which required the IRS to reorganize so that it could better serve taxpayers 
(Williams 2000). The Divisions serve specific taxpayer segments (Williams 2000) 
such as Wage and Investment earners, Self Employed individuals, or non-profits, 
among others (IRS 2009). They represent important stakeholders for the BSM pro-
gram because they are highly involved in defining business requirements. 

The Internal IT organization includes several divisions such as the Information 
Systems organization, the Business Systems Modernization Office, the Modernization 
and Information Technology Services organization, which includes Applications 
Development, Enterprise Services, a Program Integration Office and a Program Man-
agement Office were added (Phillips 2009). 

Additional stakeholders, excluding IT organizations, within the IRS included the 
following functions (IRS 2009): Criminal Investigation, Office of Professional Re-
sponsibility, Whistleblower Office, Agency-Wide Shared Services, Human Capital, 
Finance, and the Office of Privacy, Information Protection and Data Security.  

Given the scale and complexity of the project and the number of stakeholders in-
volved, our efforts in this research were aimed at understanding how the different 
stakeholders perceived the BSM program, and their attitudes towards the program. 
The next section outlines the methodology followed to uncover these.  

4   Research Approach and Application 

4.1   Research Approach 

The methodology followed for this research combined automated sentiment analysis 
(Gregory et al. 2009) with case study (Yin 2003). The sentiment analysis was made 
possible by a historical analysis of documents (such as press releases, audit reports 
and the like) created by stakeholders in the BSM program. As in other automated 
sentiment analysis studies and studies focusing on analysis of historical documents 
(Umapathy et al. 2009), we acknowledge that these documents may not reveal the 
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stakeholders’ personal agendas, the full nature of inter-personal communication, 
compromises incentives or secret caucus results. Others who study historical organ-
izational processes express similar caveats (see, e.g. Langley 1999). Nevertheless, 
these documents reveal essential characteristics that allow inferences about project 
progress. The documents analyzed in the study came from the following sources: 
TIGTA, GAO, CSC, Government Computer News, Accounting Web, GovExec, IRS 
Press Releases, and Washington Technology.  

These, publicly available documents, describe how the different stakeholders re-
flected on project progress and their own role in the re-architecting effort. The spe-
cific technique we used to analyze the documents was Sentiment and Confidence 
Analysis (see Weber 1996). Sentiment analysis is a methodology that computes the 
strength of sentiment expressed in a document by analyzing the content in the docu-
ment. A number of specific techniques have been proposed for sentiment analysis 
(see, e.g. Gregory et al. 2009). Prior work shows that although sophisticated tech-
niques such as parsing phrases and sentences, analyzing segments such as paragraphs, 
and identifying parts of compound sentences are available; the incremental gains tend 
to be not very large.  

For the purpose of post-fact historical analysis, and analyzing trends, minimal tech-
niques are, therefore, appropriate and adequate. We, therefore, followed the list of 
tags from the General Inquirer set of tags and enhanced for the purpose of this analy-
sis. These tags are commonly used words in English that, if present in a document, 
likely indicate the tone of the document. For example, the presence of words (such as 
‘Improve’ or ‘Challenge’) may suggest that the tone of the document is positive or 
negative, respectively. Similarly, another set of words (such as ‘Approximately’ or 
‘Significant’), if present in a document, likely indicate that the language in the docu-
ment is understated or overstated, respectively. The set of words is accessible from 
http://www.wjh.harvard.edu/~inquirer/homecat.htm. Our enhancements to the list of 
words came mainly in the form of discarding certain words. For example, the word 
‘Tax’ was considered a negative keyword in the original set. However, its occurrence 
in the BSM documents was not tied to this meaning. It was, therefore, removed. Other 
examples included the word ‘Oversight,’ because of the IRS Oversight Board as a 
stakeholder; the word ‘Return,’ which was removed as a positive keyword because of 
its connotation as a tax return; the word ‘Prime,’ which was removed as a positive 
keyword because it referred to the Prime contractor for the BSM program.  

Based on the enhanced set of words, two measures were devised. The first, Confi-
dence, computed the relative Confidence (Overstated vs. Understated words) in each 
document. A corresponding measure was developed to compute relative Sentiment 
(Positive vs. Negative words) in each document. In both cases, in spite of the possibil-
ity of some loss of data, the net occurrence of Overstated versus Understated or Posi-
tive versus Negative words was computed. For example, a document containing 15 
occurrences of Positive words and 3 occurrences of Negative words would yield a 
numerator of 12; the total number of tokens in the document would yield the denomi-
nator (e.g. 300); and the measure would be computed as a fraction, in this case, 4%. 
The measures are shown below. 

 
Confidence =  (# Net Tokens that are Overstated) / (# Tokens) 
Sentiment =   (# Net Tokens that are Positive) / (# Tokens) 
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The intended analysis for each document was, therefore, meant to produce a place-
ment for each document in a two-dimensional space along the two dimensions of 
Confidence and Sentiment. For example, we might expect that a Report from the 
Prime Contractor may appear as Positive Understated if the Prime Contractor follows 
the strategy of promising low and delivering high. On the other hand, an audit report 
may be cautious and may highlight negatives, suggesting a placement in the Negative 
Overstated quadrant.  Over time, the placement of each document in the quadrants 
would then reveal the trajectory of progress and seeing the trajectory from the per-
spective of different stakeholders would allow an analysis of how each saw its own 
participation in the project and assessed project progress. A corpus of text was con-
structed based on the documents. For each document, the text tokens were extracted 
using simple text processing mechanisms. The set of tokens produced for each  
document was then used to compute the above measures.  

5   Results 

The results are described next with the help of Longitudinal Confidence and Senti-
ment analyses for three key stakeholders. We have elected to highlight these stake-
holders because they represent core participants in the BSM re-architecting effort. 
Before describing how perceptions of these individual stakeholders evolved, it is 
useful to provide a broader characterization of project progress. We provide this as a 
set of qualitative comments based on the data analysis.  

First, the aggregate data analysis following a longitudinal lens (not shown here) 
suggested a distinct downward trend in the sentiments expressed by the stakeholders. 
It showed that the first negative marker appeared in 2000, the year after the BSM 
project was started. In 2001 and 2002, the sentiment turned further negative marked 
by data points that showed a negative sentiment of 3% although balanced by two 
significantly positive statements. The general sentiment recovered in 2003 and 2004 
only to sink again significantly in 2005 and 2006 with two negative data points in 
2005 and one that was significantly negative at 5% in 2006. From 2007 onwards, 
although the sentiment was not negative, it did not provide a positive endorsement. 

Second, the overall data analysis (not shown here) suggested a preponderance of 
reports from the Government Computer News that were Positive and Overstated. 
However, it is only reports from the same source that also appeared in the other three 
quadrants: Positive and Understated, Negative and Overstated, and Negative and 
Understated. In contrast, the few reports from the Prime Contractor all appeared as 
Positive as well as Overstated. A comparison with reports from the Government Ac-
countability Office points to the almost uniform toning down of Positive sentiment. 
The press releases from IRS also appear as Positive and Overstated but less so com-
pared to those by the Prime Contractor. The analysis suggests that there are clear 
differences across stakeholder groups. These analyses provided the backdrop for lon-
gitudinal analyses of individual stakeholders, shown next. Figure 1 shows a longitudi-
nal view of Sentiment and Confidence in the documents prepared by TIGTA.   
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Fig. 1. Longitudinal Sentiment and Confidence Analysis for TIGTA 

The data suggests some interesting interpretations. First, it points to increasing 
volatility in Sentiment over time (solid line). From early, more steady perceptions of 
the project, the TIGTA documents an indication of increased volatility. Two data 
points (significant Negative sentiment and significant Positive sentiment) occur when 
the zig-zag is violated. The polynomial trendline for Sentiment analysis (dotted line) 
also suggests this volatility dampening over time. Second, the data also points to a 
slightly downward trend for Confidence over time (dashed line). Although a trendline 
is not shown in the figure, a visual inspection confirms this trend. Together, the in-
creased volatility in sentiment and downward confidence levels suggests that TIGTA 
is striving to portray a realistic picture of the BSM re-architecting effort. The next 
figure shows comparable measures based on documents produced by the GAO. 

 

Fig. 2. Longitudinal Sentiment and Confidence Analysis for GAO 
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The longitudinal data from GAO documents suggests a lowering of volatility and 
slightly downward trend for Sentiment (see solid line for data and dotted line for trend 
in Figure 2). The longer-term trend appears to be stable for Confidence. Together, the 
GAO provides a consistent assessment that recognizes the troubled nature of the BSM 
effort. Comparing these with TIGTA documents, the high point for Sentiment analy-
sis appears early for GAO (compared to that for TIGTA). The low point for Confi-
dence also appears early for GAO (compared to that for TIGTA). The differences 
between TIGTA and GAO can be explained by their respective roles. TIGTA is a 
potential user and beneficiary of the system. As a result, TIGTA may be more aware 
of the complexity of the situation. The assessment of higher negative as well as higher 
positive sentiment later in the project progress may reflect what TIGTA has learned 
over time via its participation. In contrast, the GAO, without the benefit of an opera-
tional perspective, may be more swayed by promises for higher efficiencies and pay-
offs, contributing to higher positive sentiment accompanied by a lower confidence 
(reflecting its watchdog profile). With greater evidence, it may be able to arrive at a 
more balanced portrayal of the effort. The data points for the analysis of confidence 
for GAO are also significantly lower in absolute terms than that for TIGTA indicative 
of the watchdog profile it must fulfill. A comparison of theses two stakeholders, 
therefore, reveals that the Beneficiary vs. Monitor roles can produce different impres-
sions about project progress. A third perspective we analyze is that from the Prime 
Contractor, CSC, as shown in figure 3 below.  

 

Fig. 3. Longitudinal Sentiment and Confidence Analysis for CSC 

The data for CSC (although based on fewer documents) is noteworthy for display-
ing the most even keel for confidence levels among the three stakeholders analyzed so 
far. As the figures show, TIGTA is consistently in the plus territory, CSC never dips 
below minus two, whereas GAO routinely reaches minus five (see dotted lines in Fig-
ures 1-3). This perspective from CSC is interesting, for example, it may be seen as a 
policy of underpromising and overperforming. On the other hand, the sentiment analy-
sis resembles what has been described as a bathtub-effect in software engineering  
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efforts, where early enthusiasm gives way to realization of problems of scale and com-
plexity, ending with a renewed sense of accomplishment with achievement of goals 
(see dotted trendline for Sentiment in Figure 3). Although it is difficult to make 
stronger interpretations with a small number of documents, the fact that they are spread 
over a number of years helps us to arrive at a weak conclusion.  

A number of additional analyses are possible. Of these, the interesting ones are analy-
ses that allow comparison of sentiment and confidence across multiple stakeholders. For 
example, it may be possible to distinguish trends where some of the stakeholders’ per-
ceptions may mirror, suggesting possibilities for building coalitions as well as for the 
purpose of managing expectations across stakeholders. These analyses are ongoing. 

6   Conclusion and Next Steps 

Enterprise architecture involves not only the description of static phenomena but also 
the active, change-oriented efforts for re-architecting an enterprise. The duration and 
resources for these efforts often tend to be very large. Research efforts, therefore, can 
examine the documents and evidence that these efforts leave behind to understand 
how they take place and learn from these.  The central motivation of this research was 
to explore how Sentiment and Confidence analysis techniques based on historical 
analysis of documents that can provide clues to how different stakeholders may par-
ticipate and engage with the re-architecting effort. The research methodology we used 
for this purpose was the application of a simple text-mining process that allows longi-
tudinal analysis, described as a case study. 

Although the analyses continue based on the data and tagging described in the pa-
per, the preliminary results based on the measures outlined suggest that longitudinal 
analysis of Sentiment and Confidence as well as comparison of these across stake-
holder groups can provide clues for understanding how the re-architecting process 
progresses. It is possible to extend and interpret the results based on an understanding 
of stakeholder roles and how difference stakeholders may participate in the effort. 
Another possible application of the results may be to consider how these sentiments 
and confidence measures provide warnings of impending problems. For example, 
notions such as systemic risks (Carlo 2004) and risk society (Beck 1992) have been 
suggested that expand our understanding of risk. However, this literature positions the 
source of risk as external and continues to negate the endogenous nature of risk  
(Lyytinen et al. 1998). The ideas in this paper suggest another possibility.  

Some caveats are, however, in order. The analyses we have presented rely  
on measures of sentiment and confidence that may be refined. The analysis to  
compute these measures can also accommodate more sophisticated text pro- 
cessing techniques with the sets available as part of the General Inquirer (see 
http://www.wjh.harvard.edu/~inquirer/homecat.htm) as well as more recent parsing 
and rule-based mechanisms. The most interesting aspects of our ongoing work, how-
ever, stem from the myriad of analyses that are possible with such historical data and 
how these analyses can lead to interesting results for understanding re-architecting 
efforts. As we continue this stream of research, we hope that we will be able to  
uncover additional findings that allow use of multiple confirmatory as well as  
competing cases. These remain on our future research agenda. 
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Abstract. An ambiguous terminology as well as a lack of clarity prevail
in information systems research when focusing on enterprise architecture
(EA) and its corresponding management function. Sound definitions for
key terms in the field of EA design, i.e. strategies, principles, and goals,
are too often used interchangeably with slightly different meaning. Ad-
dressing this situation, the present article proposes a conceptual frame-
work for EA design that covers the aforementioned terms and organizes
them along two dimensions, namely their underlying EA conceptualiza-
tion and their role in the design process. The framework is exemplified
and mirrored against state-of-the-art literature in the realm of EA and
the corresponding management function. Finally, the article sketches fur-
ther research trends centering around the design of an EA.

Keywords: enterprise architecture, enterprise architecture manage-
ment, conceptual framework, strategy, goal, principle, standard.

1 Introduction

In the past decade enterprise architecture (EA) and its corresponding manage-
ment function have gained considerable attention from the academic and prac-
tical audience. With the main objective of the management function to align
business and IT its management subject is the enterprise’s architecture which
according to the ISO/IEC 42010 (2007) [11], can be defined as “the fundamental
organization of [the enterprise] embodied in its components, their relationships
to each other, and to the environment, and the principles guiding its design and
evolution”. Distinct states of an EA are typically developed during EA manage-
ment, the current state describing the status quo, the target state, forming an
envisioned long-term perspective, and intermediate planned states, representing
the medium-term objectives to be achieved. Regarding both planned and target
states, the business represents the main ‘driver’ of the organizational change
whereas projects are the ‘implementors’. In order to ensure a managed evolution
(cf. Murer et al. in [15]), projects have to be evaluated according to the principles
guiding an EA’s design and evolution.

E. Proper et al. (Eds.): TEAR 2010, LNBIP 70, pp. 44–56, 2010.
c© Springer-Verlag Berlin Heidelberg 2010
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Albeit the frequent references to concepts as principle, vision, and strategy in
recent EA management-related literature (see e.g. [6,20,23]), concise and tangible
definitions as well as classifications are still missing. Focusing for example on the
term EA principle, existing sources [21,25] typically apply related terminologies
in an ambiguous manner while highlighting the importance of principles in the
same breath. Especially, the EA management community lacks clarity how EA
principles relate to the also frequently used terms vision and strategy or the
often synonymously used term standard. Furthermore, the relationship between
the aforementioned terms and the projects realizing enterprise transformation is
of interest. These terminological unclarities drive the two core research questions
of this article:

– What are major concepts for the design of an enterprise architecture and
how they are defined?

– How those concepts embed in an abstract design framework for EAs?

The present article seeks to answer these questions by providing a framework that
both helps to define and to understand the interplay of these terms. The frame-
work is based on the prefabrics of the OMG’s Business Motivation Model [16],
Simon’s science of the artificial [19], and the work on language communities
of Kamlah and Lorenzen in [13] (see Section 2). The elaborated structure is
further linked to the approach of the managed evolution already evoked above
(Section 3). Afterwards, the framework developed is used to revisit the state-of-
the-art in EA management literature in Section 4. Based on the analysis results
future research directions in the area of EA management are derived and dis-
cussed in the concluding Section 5.

2 Principles in the Context of Management

The management of the EA is an activity intended to evolve the architecture as
well as to control the evolution thereof. In this sense EA management can be
understood a design activity (cf. van der Raadt and van Vliet in [24]) targeting
the enterprise in a comprehensive manner. Enterprise architects (designers), with
a planned state (end) in mind, search for the means by which the EA will achieve
those aims. As part of this search the architects develop different plan scenarios
of the EA and evaluate these with respect to the achievement 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 [19] 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 cannot be changed by design activities,
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constraints limiting the space of changes that can be made by a design activity,
and

a utility function evaluating a designed architecture in respect to the (expe-
rienced) utility for its stakeholders.

In above terms the search for the planned state to pursue may be reformulated
as ‘find values for the command variables fulfilling the given constraints in the
context of the fixed parameters that they best satisfy the utility function’. For
the field of EA management such reformulation may at first seem a worthless
exercise, as finding and defining formal command variables may be regarded
a highly sophisticated and not easy to accomplish task. Nevertheless, the core
distinction between command variables, constraints, and a utility function can be
beneficially applied to understand, distinguish, and relate concepts as principles,
strategies, and goals.

Complementing above considerations, we briefly revisit the notion of the men-
tal model as essential part of addressing design problems. Every enterprise ar-
chitect (as designer of the EA) uses a mental model of the enterprise to plan
and evaluate the corresponding design alternatives. This model covers a specific
area-of-interest, i.e. concern in terms of the ISO/IEC 42010 (2007), in the overall
architecture of the enterprise. In line with Buckl et al. (cf. [3]) such concern may
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. On the other hand a concern commits to a specific filter deter-
mining which parts of the enterprise are considered relevant. Two mental models
as employed by two enterprise architects may hence differ in respect to both the
conceptualization, i.e. the classification of elements, and the filtering, i.e. the
selection of elements. In order to form the basis for a collaborative EA manage-
ment conducted by a group of enterprise architects and other EAstakeholders,
these people have to agree on a shared conceptualization. They have to be in
one linguistic community (in terms of Kamlah and Lorenzen [13]) in order to be
able to communicate their architecture understanding to collaboratively design
and evolve the EA.

In the context of EA design activities more formal conceptualizations of the
enterprise are widely used to facilitate communication between different EA
stakeholders. These conceptualizations are mostly reflected in corresponding EA
modeling languages, more precisely their underlying information models1. These
models are conceptual models committing to an agreed conceptualization (cf.
Buckl et al. in [3]) of the EA or parts thereof as relevant in respect to important
stakeholders and their design problems. These stakeholders form the correspond-
ing linguistic community for which instantiations of the information model are
accessible. In the light of the above discussions we devise a framework for dis-
tinguishing and relating the different concepts as discussed in Section 1. This
framework builds on two axes, namely one considering the level of operational-
ization (mental conceptualization vs. information model) and one distinguishing
1 The meta-models backing an EA modeling language are in line with Buckl et al.

(cf. [2]) named information models here.
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Fig. 1. Conceptual framework for EA design

between desired result, course of action, utility function, and constraints. Figure 1
outlines this framework and shows how the different concepts can be related
therein.

Against the background of the framework we apply definitions for the different
concepts as follows:

An EA vision is a distant target representing an ideal state, i.e. an implicit
model and understanding of a target state of an EA. This aligns with the
definition given by Lankhorst et al. in [14], saying that the “[EA] vision
states an ‘image of the future’ and the values the enterprise holds”.

An EA principle constrains and guides the design of the EA (cf. [18]) and may
in turn provide justification for decision-making throughout an EA (cf. [22]).
In general, principles are self-restraint and not externally obliged, e.g. by law
in terms of compliances.

An EA strategy outlines a series of means (activities) to pursue a desired
end, i.e. a dedicated target state of an EA. Refraining the complementary
definition given in the OMG’s Business Motivation Model (BMM) [16] a
strategy is an “accepted [...] approach to achieve [desired ends], given the
environmental constraints and risks”.

Conformance to EA vision describes an intuitive understanding for the de-
gree to which the current or a planned state of the EA matches the EA
vision.

All the concepts mentioned before build on an informal and intuitive under-
standing as incorporated in the mental model of the corresponding linguistic
community, e.g. the enterprise architects as designers of the EA. Refraining
above argument on design in the EA context being a collaborative activity, these
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mental models, more precisely their backing conceptualizations, are frequently
complemented with EA information models laying a formal basis for modeling
the EA in an explicit manner. With the embracingness of the subject EA, it is
sensible to assume that not the entire architecture of the enterprise but only rel-
evant areas are covered by an information model. The decision on relevance may
therein pertain to cover the areas-of-interest mirroring the visions, principles and
strategies, but also to keep low the expenses for gathering and maintaining the
information about the contained concepts. Put in other words, an information
model has to balance the information needs and the expenses related to gather-
ing this information. As consequence thereof, the mental concepts outlined above
may only be partially operationalized to concrete pendants described below:

A Goal is a “statement about a state or condition of the enterprise to be
brought about or sustained through appropriate means” (cf. [16]). In this
sense, a goal describes an (intermediary) end operationalizing the EA vision
or a part thereof, based on a corresponding information model. The goal is
thereby “defined for an object [...] with respect to various models of quality
[...]”, i.e. is attached to a specific object in this model in terms of Basili et
al. [1].

A Standard describes a “predefined design norm” based on principles and
standards defined earlier (cf. [10]). In line with this argumentation stan-
dards describe a particular interpretation of an EA principle with respect to
the information model.

A Project is concerned with the fulfillment of a goal. Consequently, any effort
within a project should contribute to a goal, based on an information model.
Thus, a project may be EA related in terms that it influences the EA, or an
explicit EA transformation project.

A Question or a set thereof “is used to characterize the way the assess-
ment/achievement of a specific goal is going to be performed” (cf. [1]). This
means that a question measures the achievement of a goal based on the
conceptualization mirrored in an information model.

Legend

Admissible EA states

Principle/Standard

Fig. 2. EA principles constraining the EA design space
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Both, principles and standards may be formulated in two different ways,
namely as guidelines (respectively recommendations) or as restrictions (cf. [18]).
In either way, a principle or a standard restricts the design space (cf. Figure 2),
i.e. the set of accepted states, although the level of strictness may vary. Revisit-
ing the relationships between a principle and the according standards one might
say, that the standards operationalize the principle, while the latter provides the
underlying rationale. The link between principle and vision is a more delicate
one. While we in general can assume that the EA principles and EA vision do not
contradict each other, i.e. that the vision is admissible against the background
of the established principles, the same does not necessarily hold for standards
and goals.
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Fig. 3. EA principles in the paradigm of managed evolution

Figure 3 illustrates the role of EA principles within the paradigm of managed
evolution [15] describing an iterative and controlled approach of EA development
within multiple transformation projects. The EA evolves over time between the
guidelines and constraints set by effective EA principles. In contrast to [15],
we identified that these ‘side rails’ are manifested in EA principles as well as
standards guiding on the one hand the evolution of the EA, and restricting on
the other hand the possible EA states taken to evolve to an EAtarget state.

Over time, e.g. due to an increasing amount of technologies, the design space
of EA management with regards to the set of admissible EA states widens.
Since EA principles are static, this observation let us conclude the effectiveness
of EA principles is degenerating on the long run. In conclusion, any applied
standard, i.e. operationalized EA principle, has to generate feedback such that
EA principles become dynamic and thus can evolve over time aligning to the
needs of the EA evolution.

3 Exemplifying the Approach

Making the above conceptual framework more explicit, an example leaning
against Murer et al. [15] is provided in the this section. In Murer’s example,



www.manaraa.com

50 S. Buckl et al.

a swiss bank has the EA vision (reflected in a target state of the EA) which sup-
ports the continuous implementation of new business requirements under high
cost and time-to-market pressure. Furthermore, the EA vision states that IT sys-
tems must remain available, reliable, and secure as well as to assure effectiveness
and economy of the business at the same time.

In our example, we assume that the bank has one important EA principle,
namely to concentrate development competences of the IT departments. This
principle is operationalized via a standard that defines a restricted set of pro-
gramming languages to be used, namely Java, C++, and COBOL. With the EA
vision of having an easily adaptable and flexible EA, the corresponding strategy
is to transform the EA, more precisely the application landscape, into a service-
oriented landscape that makes use of external services and service outsourcing
where sensibly possible. This strategy has been pursued for some time by differ-
ent projects that were able to implement service-orientation in certain parts of
the overall EA.

At a certain point in time, the swiss bank decides to offer its customers an
‘app’ enabling mobile online banking which induces a positive influence on the
bank’s distribution and communication channel. In this vein, business benefit
also reflected in the bank’s overall reputation for cutting-edge technology is in-
creased. With this short time goal set, resources for a new project are allocated
targeting the development of such mobile application. Since the mobile appli-
cation requires Objective C as the unique programming language, the above
defined programming language standard is violated at the expense of short term
business benefit. Figure 4 illustrates the impact of the ‘mobile app’-project on
the overall state of the EA.

After the successful completion of the project introducing a mobile applica-
tion, a follow-up project is planned. This project replaces the mobile application
developed in-house with a commercial of the shelf product leveraging the Home
Banking Computer Interface (HBCI). In doing so, the application is reworked in
a way that the actual development in Objective C is performed by a third party
resulting in the conformance of the programming language standard.
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4 Revisiting the State-of-the-Art in EA Management
Literature

In this section, six prominent approaches in the area of EA and the respective
management function are discussed on the basis of the conceptual framework
as presented in Section 2. Thereby, the terminology as employed in the original
sources is used and compared to the concepts and understanding presented in
this paper. Regarding the research method, the approach of hermeneutics (cf. [9])
is applied helping to interpret and map the identified concepts found in literature
to the corresponding framework elements.

In his recent work [5,6], Stelzer conducts an in-depth literature analysis on EA
principles ranging from frameworks for EA and textbooks, to journals and confer-
ence publications. The author afterwards systematizes the investigated sources
by decomposing an architecture principle into objects, context and description,
scope of application, and its delimitation from other forms of principles. While he
points out that there exists so far non-explained relationships between EA goals,
principles, as well as means of their application, Stelzer refrains from providing
a summarizing definition of these terms as well as from giving information how
their relationship to each other is characterized. Notwithstanding, the author
describes that architecture principles are embedded in a network of associated
principles and highlights the fact, that their existence, differentiation, designa-
tion, and interrelation is contingent on the specific enterprise setting. Based on
his profound literature analysis, Stelzer motivates to consider principles in a
broader context and highlights that they are embedded in rationale and impli-
cations. However, by leaving out how these two concepts can be linked to an EA
vision or EA strategy and by focusing on goals and EA principles, he refrains
from explaining the broader context a principle is part of. Hence, additional
concepts as proposed by the framework, e.g. different linguistic communities,
projects, and questions are not examined by the author. Besides principles per-
taining solely to the EA as indicated in both publications’ titles (cf. [5,6]), the
author also implicitly refers to principles related to the management of an EA,
IT, and business.

In The Open Group Architecture Framework (TOGAF) [21] is a promi-
nent framework for developing an EA. Following the Architecture Development
Method (ADM) which is subdivided into nine phases, an architecture vision de-
scribing “how the new capability will meet the business goals and strategic objec-
tives and address the stakeholder concerns when implemented” is established in
the first phase. Thereby TOGAF denotes an enterprise mission, vision, strategy,
and goals as key elements of an architecture vision and points out that it pro-
vides “a first-cut, high-level description of the baseline and target Architectures,
covering the business, data, application, and technology domains.”. In addition,
the vision also contains architecture principles which are defined as “general
rules and guidelines, intended to be enduring and seldom amended, that inform
and support the way in which an organization sets about fulfilling its mission”.
In differentiating between principles on enterprise-, IT-, and architecture level,
the framework also proposes a specific format for defining architecture principles
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consisting of name, statement, rationale, and implications. Furthermore, archi-
tecture principles as subset of IT principles, are subdivided into a) principles
that govern the architecture process and b) principles which govern the imple-
mentation of the architecture. Whereas former refer to the management of an
EA, latter center around the guidance for designing and developing information
systems. In this vein, the misleading term “architecture principles” in TOGAF
rather pertains to main guidelines considering the management of an EA and not
the elements of an EA itself. Furthermore, business principles, as a fourth type
of principles are introduced separately and are linked uniquely to an architecture
project, which also has to take current goals and strategic drivers into account.
While TOGAF does not make any distinction between an implicit and explicit
level, it also lacks in defining and creating concrete and consistent relationships
among those concepts. For instance, the framework introduces the term blueprint
as “collection of the actual standards and specifications” but leaves out to define
the link regarding EA principles and strategy. Additional elements being part of
the conceptual framework suggested above are not accounted for by TOGAF.

The approach of multi-perspective enterprise modeling (MEMO) of Frank [7]
provides a framework consisting of a set of special purpose modeling languages,
which can be leveraged to support different perspectives (strategy, organization,
and information system) as well as various aspects relevant for enterprise mod-
eling (EM). In their recent work, Frank et al. [8] elaborate requirements for a
method aiming at the design and utilization of indicator systems within an en-
terprise environment. In leveraging the core concepts of SCORE-ML which have
been embedded into the existing EM method supporting in turn the modeling
of processes, resources, and goals, the authors associate indicators with the rele-
vant business context. In the corresponding SCORE-ML meta model, indicators
are directly related to goals which they are representing. Moreover, goals may
be organized into a multi-layered hierarchy. Further concepts as proposed by
the framework like strategy, principles, and visions of an EA as well as their
operationalized counterparts (e.g. project, standard, and question) are neither
considered by the SCORE-ML method nor embedded in the meta model.

Österle et al. [17] suggest a core-business-metamodel subsuming the main
concepts of the strategy, organization, and system level. In depicting the rela-
tionships between concepts on these levels through a model which is restricted
to the core elements of a business, the model supports the implementation of
the St. Gallen’s business engineering approach. The approach has been proven
successful throughout more than 1000 consulting projects and is regularly re-
applied for scientific publications (see e.g. [4]). Regarding the model in detail,
goals as part of an enterprise’s strategy are specified on a business level, although
a strategy is only modeled implicitly in assigning distinct classes to the strategic
level. Further concepts of above presented framework (e.g. EA principles, vision,
project, and questions) are not in the scope of the model.

Control Objectives for Information and related Technology (COBIT) repre-
sents a prominent framework for IT management created by the Information
Systems Audit and Control Association (ISACA) in close cooperation with the
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IT Governance Institute (ITGI) [12]. The framework is focused on what is re-
quired to achieve adequate management and control of IT, and is positioned on
an abstract level. By being composed of four domains which are subdivided into
34 IT processes each consisting of a set of activities, COBIT provides a reference
process model and common language for everyone in an enterprise to view and
manage IT activities. In creating and explaining a linkage between an enterprise
strategy, business goals for IT, IT goals, EA, and the IT scorecard, the frame-
work emphasizes that an enterprise strategy influences the IT resources and
capabilities, thus the EA. Furthermore, COBIT proposes an informal relation-
ship between business-, IT-, process-, and activity goals which can be measured
via the corresponding performance metrics driving in turn the respective higher-
level goal. Although the framework states that suggested standards and good
practices “are most useful when applied as a set of principles and as a starting
point for tailoring specific procedures” COBIT does not include (EA) principles.
Moreover, neither a formalized linkage between strategy and related goals is pro-
vided, nor a distinction between different levels of operationalization reflected
in the different types of models is given. Additional concepts which are part of
the presented framework (e.g. EA strategy, vision, project) are not addressed by
COBIT.

A comprehensive picture of EA-related concepts including their definitions is
provided by Schekkerman [18]. According to Schekkerman, a standard “is an
agreement on how things should be done, or, in other words, a rule (or set of
rules) on which an agreement exists”. While a principle is defined on a higher
level of abstraction by expressing “an idea, a message (culture / behavior) or
value that comes from corporate vision, strategies, and business drivers, ex-
perience or from knowledge of a subject”. Schekkerman also emphasizes, that
principles (which similar to TOGAF consist of a name, statement, rationale, and
implications) govern the business and organization as well as the development
and implementation of the EA. However, the author does not consistently dis-
tinguish between the level of operationalization and means-end-relationships, as
proposed by the framework presented in Section 2. In addition, Schekkerman
speaks of a general vision and strategy referring to the main drivers and require-
ments of an enterprise but does not derive the according EA concepts and their
pendants.

5 Future Research Questions

In this article, we devised a conceptual framework for EA design helping to
overcome the ambiguity of terminology in the research field. In distinguishing
between desired result, constraint, course of action, and utility function as well
as an implicit and explicit model, we presented major concepts, defined them
systematically, and finally sketched a framework into which these concepts em-
bed. In doing so, the article leverages the prominent approach of the managed
evolution of application landscapes in order to exemplify the elaborated frame-
work.
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As part of the article, the term linguistic community was introduced as a group
which continuously communicates their architecture understanding to collabo-
ratively design and evolve the EA. When taking a closer look on the framework
elements being related to the implicit model, it becomes obvious that distinct
groups share a different understanding resulting in deviating interpretations of
the concept’s instances. For example, the same EA principle can be operational-
ized by different corresponding standards taking the context like terminology,
knowledge, and experience of the according linguistic community into considera-
tion. Further research could focus on the manner how the different implicit model
elements, i.e. EA vision, principle, strategy, and conformance to the vision, are
made explicit depending on the community they are exposed to.

In the course of our literature review, we noticed that only few sources suggest
utility function(s) in order to evaluate the fulfillment of the desired results given a
specific set of constraints while following a certain course of action. Not only this
type of functions could help to assess the actual goal achievement, it would also
allow for a profound statistical analysis in addition to an internal and external
comparison. Some approaches, like the one of COBIT [12], already motivate and
propose textual questions targeting at the actual goal fulfillment, but fall short
when it comes to the incorporation of principles and standards restricting the
admissible EA states.

Regarding the various relationships among the framework’s concepts, further
research is required in order to refine the different interrelations. Thereby, one
has to consider both, relations between concepts residing in the same as well
as concepts being part of different models. In doing so, generic methodologies
could be elaborated transforming elements of the implicit model to their explicit
pendants. Furthermore, the incorporation of the framework’s concepts within an
explicit model longs for further investigation. For instance, the question arises
how to easily integrate different EA standards representing guidelines and con-
straints in an existing information model by simultaneously striving for a generic
and reusable approach.

Lastly, one has to take into consideration that during the EA design pro-
cess each enterprise pursues several goals by also being bound to a variety of
constraints at the same time. In most cases, different courses of actions can be
taken while applying a different set of appropriate utility functions. From this
perspective, multi-objective optimization coping with the increased complexity
of the problem may deserve further investigations including the identification of
an appropriate Pareto optimum.
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Abstract. Key concepts in enterprise architecture include concerns, principles,
models, views and frameworks. While most of these concepts have received am-
ple attention in research, the concept of principles has not been studied much yet.
In this paper, we therefore specifically focus on the role of principles in the field
of enterprise architecture, where we position enterprise architecture as a means
to direct enterprise transformations.

In practice, many different types of architecture principles are used. At the
same time, principles are referred to by different names, including architecture
principles, design principles, and IT policies. The primary goal of this paper is,
therefore, to arrive at a conceptual framework to more clearly clarify and position
these different types.

The paper starts with a discussion on enterprise architecture as a means to gov-
ern enterprise transformation. This provides a framework to position the different
types of principles, and highlight their roles in enterprise transformations.

1 Introduction

As discussed in [1], key concepts in the field of enterprise architecture include concerns,
principles, models, views and frameworks. Ample research has been conducted on ar-
chitecture frameworks, architecture modelling languages [2, 3], model analysis [4, 5],
as well as viewpoints and concerns [6, 7, 8]. In this paper we turn our focus to the con-
cept of principles and its role in the field of enterprise architecture. Given that principles
have not received a lot of research attention [9], there is a need to better understand their
essense.

Several approaches to enterprise architecture position principles as an important in-
gredient [10, 11, 1, 12, 13], while some even go as far as to position principles as being
the essence of architecture [14]. At the same time, initial case studies [15, 16, 17, 18,
19, 20, 21, 22, 23, 24, 25] indicate there to be a wide variation in the actual use of
principles. The primary aim of this paper is therefore to arrive at a first version of a
conceptual framework which more clearly identifies and positions the different types of
principles.

The framework presented in this paper is the first iteration in a design science [26]
driven research effort in which we aim to more clearly define the concept of architecture
principles, and develop an associated methodology for defining and describing architec-
ture principles. This first iteration, provides a synthesis of existing views on enterprise
architecture and enterprise engineering [27, 1, 14, 13].
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The remainder of this paper is structured as follows. Before we are able to sensibly
explore the different types of principles, and their roles in enterprise transformations,
Section 2 offers a review of our understanding of the fundamental purpose of archi-
tecture as a means to direct enterprise transformation. In Section 3, we then provide a
conceptual framework of the different types of principles that can be discerned within
our field.

2 Architecture as a Means to Govern Enterprise Transformations

In line with [1], we take the perspective that enterprise architecture should play a pivotal
role in governing the continuous improvement process of an enterprise. In order to
better understand the governing role of enterprise architecture, this section positions
architecture as a means to govern enterprise transformations. As we will see, principles
are the key means to govern the direction of the transformation of an enterprise.

In our view, governing enterprise transformations first and foremost entails the per-
spective on an enterprise as a purposely designed and implemented artefact. This en-
ables the governing system to govern the enterprise transformation in terms of a clear
goal, its current state, and the desired future states of the enterprise. Doing so, implies a
perspective on properly governed enterprise transformation as being a form of engineer-
ing. This gives rise to the field of enterprise engineering [28, 14], which is an emerging
discipline that regards the design and implementation of enterprises from an engineer-
ing perspective. Two key paradigms underpin this discipline. The first paradigm states
that enterprises are purposefully designed and implemented systems. Consequently,
they can be re-designed and re-implemented if there is a need for change. The second
paradigm of enterprise engineering is that enterprises are primarily social systems, sup-
ported by technical systems. This means that the dominant system elements are social
individuals, and that the essence of an enterprise’s operation lies in the entering into and
complying with commitments between these social individuals, while the implementa-
tion of this essence involves the design of an orchestrated collaboration between social
beings and technical artefacts.

In line with [29, 1], the governance of an enterprise transformation process is re-
garded as involving a force-field between enterprise strategy, programme management
and enterprise architecture. When only considering the typical project parameters, one
runs the risk of conducting “local optimisations” at the level of specific projects. For ex-
ample, when making design decisions which have an impact that transcends a specific
project, projects will still aim for solutions that provide the best cost/benefits trade-
off within the scope of that specific project while not looking at the overall picture.
Such local optimisations are likely to damage the overall quality of the result of the
transformation [1]. Enterprise architecture is concerned with an operationalisation of
the direction in which the enterprise aims to transform itself, in terms core properties
of the enterprise being engineered. This operationalisation allows the different change
projects to be assessed whether they contribute to the realisation of the strategy, while
guarding the properties that transcend specific projects.

In this paper we focus on the position of enterprise architecture in relation to enter-
prise engineering, and the potential roles of principles within this. From that context it
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is usefull to see architecture as: the normative restriction of design freedom [14], allow-
ing enterprise architecture to exert its governing role towards the enterprise transfor-
mation. It stresses an important goal of architecture: to restrict design freedom, which
can also be interpreted as “to reduce design stress”. This does not exclude architecture
as a means for other goals. Indeed [2, 1] classifies architecture viewpoints into de-
signing, deciding, contracting and informing viewpoints. Furthermore, in [1] enterprise
architecture is positioned explicitly as a means for informed governance of enterprise
transformation, requiring indicators and controls to govern enterprise transformations.

The desire to restrict design freedom implies normative instruments with which such
restrictions can be made. We believe architecture principles are key instruments in
this [30], and we are certainly not alone in doing so. Several approaches position princi-
ples as an important ingredient [31, 32, 10, 11, 1, 13, 33, 34], while some even go as far
to position principles as being the essence of architecture [14]. Architecture principles
fill the gap between high-level strategic intentions and concrete designs. They ensure
that the enterprise architecture is future directed, and can actually guide design deci-
sions, while preventing analysis paralysis by focussing on the essence. Furthermore,
they document fundamental choices in an accessible form, and ease communication
with all those affected. They are formulated based on drivers such as strategy, goals
and risks. Potential undesired impact on the goals of stakeholders can be reduced by
formulating architecture principles.

3 A Conceptual Framework for Architecture Principles

As argued before, we take the perspective that architecture principles are a cornerstone
of enterprise architecture. The goal of this section, is to provide a conceptual framework
for architecture principles. As mentioned before, the framework presented in this paper
is the first iteration in a design science [26] driven research effort in which we endeavour
to more clearly define the concept of architecture principles, and develop an associated
methodology for defining and describing architecture principles. The first iteration as
presented in this paper, provides a synthesis of existing views on enterprise architecture
and enterprise engineering [27, 1, 14, 13].

3.1 History

The term principle is said to originate from the Latin word of principium [35], which
means “origin”, “beginning” or “first cause”. Vitruvius, an architect in ancient Rome,
used principles to explain what is true and indisputable, and should apply to everyone.
Vitruvius considered principles as the elements, the laws of nature that produce specific
results. For instance, he observed how certain principles of the human body, such as
symmetry and proportion, ensure “perfection”. The human body was a great source of
inspiration to him. He even believed that the principles of the human body should also
be applied in the design of gardens and buildings because it would always lead to a
perfect result: an ultimate combination of beauty, robustness and usability.

When using principles in the sense of beginning, they generally provide insight into
the causes of certain effects. These causes can be laws of nature, beliefs or rules of
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conduct. Laws of nature simply are, and influence the things we do. Examples of such
principles are the law of gravity and the Pauli exclusion principle. The latter is a quan-
tum mechanical principle formulated by Wolfgang Pauli in 1925. It states that no two
identical fermions may occupy the same quantum state simultaneously. Another exam-
ple, more directly relevant to enterprise engineering, is the principle of requisite variety
from general systems theory, which states that a regulating system should match the
variety of the system that should be regulated [36].

Beliefs are typically founded in moral values. Examples of such principles are Martin
Luther King’s principles of nonviolence, that were to guide the civil rights movement.
In an enterprise engineering context, examples of such principles would be: No wrong
doors (suggesting that clients should be helped at whichever office/desk they approach
the enterprise) and The customer is always right.

Rules of conduct are explicitly defined to influence behaviour, and are typically based
on facts and beliefs. General examples include the Ten Commandments from the Bible,
e.g. “You shall not murder” and “You shall not commit adultery”. In our enterprise engi-
neering context, examples would be: Clients can access the entire portfolio of services
offered by any part of the government by way of all channels through which govern-
ment services are offered and Before delivering goods and services to external parties,
we must hold receipt of the associated payment.

The remainder of this section will show various dimensions in which principles can
be positioned. We distinguish scientific principles from normative principles, position-
ing architecture principles as normative principles. We divide normative principles into
credos and norms, in which the latter form is needed in order to provide enough restric-
tion of design freedom. We show how principles relate to requirements and instructions.
Finally, we position architecture as a form of essential design, focusing on the funda-
mental and essential aspects [37].

3.2 Scientific Principles versus Normative Principles

The American Engineers’ Council for Professional Development [38] states that engi-
neering concerns “the creative application of scientific principles to design or develop
structures, machines, apparatus, or manufacturing processes, or works utilising them
. . . ”. Principles are used in a wide range of engineering disciplines such as industrial en-
gineering, chemical engineering, civil engineering, electrical engineering and systems
engineering. They can be seen as a form of design knowledge that should be shared, in
order to increase the quality of designs. In line with [38], we will refer to these princi-
ples as scientific principles.

Scientific principles are likely to be cross-disciplinary in the sense that they will be
applicable in various design disciplines. Lidwell [39] provides a list of 100 “universal
principles of design”, consisting of laws, guidelines, human biases, and general design
considerations. The principles can be used as a resource to increase cross-disciplinary
knowledge and understanding of design, promote brainstorming and idea generation
for design problems, form a checklist of design principles, and to check the quality of
design processes and products. Examples of principles described by Lidwell that fall
into the category of scientific principles are the “exposure effect” and “performance
load”. The first principle states that “repeated exposure to stimuli for which people
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have neutral feelings will increase the likeability of the stimuli”. The latter states “the
greater the effort to accomplish a task, the less likely the task will be accomplished
successfully”.

Principles have always played an important role in civil engineering, a professional
engineering discipline that deals with the design, construction and maintenance of
the physical and naturally built environment, including works such as bridges, roads,
canals, dams and buildings. Principles from general systems theory, such as the earlier
mentioned law of requisite variety [36], are examples of scientific principles that are
applicable in an enterprise engineering context.

Architecture principles are commonly seen as normative principles. TOGAF [13]
states that “principles are general rules and guidelines, intended to be enduring and
seldom amended, that inform and support the way in which an enterprise sets about ful-
filling its mission”. The use of principles in the context of enterprise architecture can be
traced back to a multi-year deep dive research project led by Michael Hammer, Thomas
H. Davenport, and James Champy, called the Partnership for Research in Information
Systems Management (or PRISM) [40], which was sponsored by about sixty of the
largest global companies (DEC, IBM, Xerox, Texaco, Swissair, Johnson and Johnson,
Pacific Bell, AT&T, et cetera). It is a principles based architecture framework, also in-
volving core terminology of, what was at that stage, a novel paradigm. In this context,
principles were defined as “simple, direct statements of an organisation’s basic beliefs
about how the company wants to use IT in the long term”. Note that in this definition, the
operative word is wants. It refers to the fact that fundamentally, such principles are used
to express a normative desire. Even more, it also expresses how these principles will
aim to bridge the communication gap between top management and technical experts.
The PRISM model, being from 1986, is among the first published enterprise architec-
ture framework, and as such actually precedes the Zachman framework [41] (published
one year later). PRISM’s concept of principles as well as how they guide the definition
and evolution of architectures was its most salient and widely accepted contribution.

The PRISM model has strongly influenced other enterprise architecture standards,
methods and frameworks. The earliest publications referring to the concept of prin-
ciple, in an enterprise architecture context, can indeed be traced back to the PRISM
project [31, 32]. Furhermore, the HP Global Method for IT Strategy and Architec-
ture [34, 42], which is based on work at Digital Equipment Corporation starting in 1984,
was almost completely based on the PRISM model and the concept of principles. Many
years later, the PRISM report [40] also influenced the IEEE definition of architecture,
as many of the IEEE 1471 [27] committee members (Digital included) were employed
by the original sponsors of this early work. The concept of architecture principle as it
is defined in TOGAF [13] today, is also inspired by the PRISM model.

Normative principles do not exist in isolation. They are based on all sorts of other arte-
facts, such as the strategy, issues, the existing environment and external developments.
On the other hand, they also influence all sorts of other artefacts, such as guidelines,
requirements, designs and implementations. One can regard the normative principles as
bridging between strategy and operations; they are primarily an alignment instrument.
They are formulated based on knowledge, experience and opinions of all sorts of peo-
ple in the organisations; senior management, as well as the people that do the actual
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work. This mixture of people is also the target audience of normative principles. In that
sense, the definitions of normative principles also provides a common vocabulary for
the organisation.

3.3 Credos versus Norms

In practice we see normative principles at various levels of precision. In [24] we have
made the distinction between architecture principles and guidelines, where guidelines
are more specific than architecture principles. NORA [43] distinguishes between funda-
mental principles and derived principles, where fundamental principles are the basis for
derived principles. The level of precision influences the ability to assess the compliance
of a design or architecture to the principle. When considering the role of principles
bridging between strategy, via architecture to design, this is quite natural. At first, a
principle will be formulated rather informally and refined later on in order to use it as
a means to restrict design freedom. The definition of the word principle in the dictio-
nary [35] suggests multiple forms of principles:

– 1a: a comprehensive and fundamental law, doctrine, or assumption b (1): a rule or
code of conduct (2): habitual devotion to right principles <a man of principle> c:
the laws or facts of nature underlying the working of an artificial device,

– 2: a primary source: origin,
– 3a: an underlying faculty or endowment <such principles of human nature as greed

and curiosity> b: an ingredient (as a chemical) that exhibits or imparts a charac-
teristic quality,

– 4: Christian Science: a divine principle: god.

In terms of the general definition, scientific principles refers to the interpretation of
principles as laws or facts of nature underlying the working of an artificial device, nor-
mative principles refers to principles in the sense of a a comprehensive and fundamental
law, doctrine, or assumption or a rule of conduct that guide changes in the enterprises
by influencing/directing the design of these changes.

At the start of their life-cycle, normative principles are just statements that express
the enterprise’s fundamental belief of how things ought to be. At this stage, their exact
formulation is less relevant. This is in line with intentions behind TOGAF [13] and the
Zachman [41] framework, where the architecture process starts with the creation of an
architecture vision. In this phase, architecture is very future-oriented and mostly a cre-
ative process. The principles can be used as a means to express a vision, which is mostly
based on personal beliefs of the stakeholders involved in the envisioning. They can be
seen as normative principles in their initial stage. They are not yet specific enough to
actually use them as a norm. In other words; assessing compliance of architectures and
designs to these principles is not feasible. They are primarily used as a source of inspi-
ration. Examples of principles in this phase, taken from practical cases, are:

– We should follow citizen logic.
– Work anywhere; anytime.
– Reuse as much as possible.
– Applications should be decoupled.
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Principles in this phase can best be referred to as being a credo. The dictionary [35],
defines credo as: “a set of fundamental beliefs; also: a guiding principle”. This is very
close to the definition of principle by Beijer [34]: “A fundamental approach, belief,
or means for achieving a goal...”. In terms of the dictionary definition of principle,
we consider this to correspond to its interpretation as a comprehensive and fundamen-
tal law, doctrine, or assumption. As such, credos are things an enterprise consciously
chooses to adopt. They represent the fundamental beliefs or assumptions underpinning
further architectural decisions. This allows enterprises to provide a first elaboration of
an enterprise’s strategy towards the desired design of the enterprise.

When enterprises want to use normative principles as a way to actually limit design
freedom, the principles need to be more specific. This is when the exact formulation
of the principle becomes important. They need to be formulated in such a way that
compliance to them can be assessed. This starts with a reformulation of the principle
statement, but extends to other properties. The full specification will a.o. need to contain
definitions of terminology used, as well as a definition of how to assess the compliance
of a design to the principle. The examples given previously could be reformulated as
follows to make them more specific:

– The status of customer requests is readily available inside and outside the organi-
zation.

– All workers are able to work in a time, location and enterprise independent way.
– Before buying new application services, it must be clear that such services cannot

be rented, and before building such application services ourselves, it must be clear
that they can not be purchased.

– Communication between application services will take place via an enterprise-wide
application service bus.

Once normative principles have been (re)formulated specific enough to use them to re-
strict design freedom, we can refer to them as a norm. The dictionary [35], defines a
norm as: a principle of right action binding upon the members of a group and serving
to guide, control, or regulate proper and acceptable behaviour. In terms of the dictio-
nary definition of principle, we consider this to correspond to its interpretation as rule
of conduct. Norms can also be regarded as a tactic by which a credo can be enforced.
To indeed enable the normative effect of norms, they are required to be specific, mea-
surable, attainable and relevant.

When considering TOGAF’s [13, Section 3.17] definition of principle:

A qualitative statement of intent that should be met by the architecture. Has at
least a supporting rationale and a measure of importance.

and more specifically the purpose it attributes to such principles [13, Section 36.2.4]:

Principles are general rules and guidelines, intended to be enduring and sel-
dom amended, that inform and support the way in which an enterprise sets
about fulfilling its mission.

we take the stance that TOGAF requires/presumes architecture principle to be in the
form of norms.
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3.4 Principles versus Requirements and Instructions

Normative principles limit design freedom. They are, however, not the only statements
which limit design freedom. Requirements also limit design freedom. However, re-
quirements state what (functional or constructional) properties a (class of) system(s)
should have, and why the stakeholders want the (class of) systems to have these prop-
erties (also see [34]). Normative principles provide policies on how the design of the
(class of) system(s) will ensure that the actual implemented system(s) will meet the
requirements. Requirements are the basis for solutions, expressing their required char-
acteristics. Fisher [9] states that architecture principles refer to the construction of an
enterprise while requirements refer to its function.

Generally, enterprise architectures are not only specified in terms of normative prin-
ciples, but also in terms of more instructive statements, such as models and detailed de-
scriptions on how to apply these in a specific situation. We will refer to these statements
as instructions, since they tell designers specifically what to do and what not to do. In-
structions will refer to the concepts used in the actual construction of the enterprise,
such as: value exchanges, transactions, services, contracts, processes, components, ob-
jects, building blocks, et cetera. Enterprises typically use languages such as UML [44],
BPMN [45], TOGAF’s [13] content framework, ArchiMate [3], or the language sug-
gested by the DEMO method [28], to more explicitly express their architectures in
terms of concrete modelling concepts. Instructions, provide a more operational and
tangible refinement of the normative principles. Due to their tangible nature, in terms
of actual concepts used in the construction of the enterprise, architecture models enable
enterprises to study/analyse the effects of different options for the future, as well as
analyse problems in the current situation [2]. Just as normative principles, instructions
are required to be specific, measurable, attainable and relevant

Collectively we will refer to normative principles and instructions as directives to
express the fact that they both direct the design of the enterprise (albeit at different
levels of specificity) and both involve a choice by the enterprise to direct their transfor-
mation. The dictionary [35] defines directive as: serving or intended to guide, govern,
or influence, while the OMG’s business motivation model [46] also uses the notion of
directive as the most general form of guidance/regulation. In terms of the NAF defini-
tion of architecture [14], these two flavours of directive collectively cover its role as a
normative restriction of design freedom.

Figure 1 provides (in the style of Object Role Modelling [47]) a domain model po-
sitioning credos, norms, normative principles, instructions, requirements and scientific
principles. In the ORM diagram, the encircled cross is used to signify the fact that
credos, norms, scientific principles, instructions and requirements are mutually exclu-
sive. The general notion of proposition is used as a further generalisation of scientific
principles, requirements and directives. Each proposition must have a quality and a def-
inition (signified by the black dot in the diagram), while they have at most one definition
(signified by the short bar on the fact type).

3.5 Architecture Principles versus Design Principles

Regarding an architecture as a normative restriction of design freedom, raises the ques-
tion what the difference is between architecture and design. More operationally, What
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{ specific, measurable, attainable,  
relevant, time-bound }

has / of
Proposition

(name)
Quality
(name)

Norm

Directive
underpins / 

is underpinned by

Credo

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

Scientific
principle

enforced by / 
enforces

Normative
principle

Requirement

has / of
Definition

(description)

Instruction
operationalised by / 

operatonalises

Fig. 1. Core terminology
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should be included in an architecture, and thus restrict the freedom of ensuing design
activities, and what should indeed be left to designers? As suggested by the IEEE [27]
and TOGAF [13] definitions of architecture, the architecture level should focus on fun-
damental aspects. An enterprise architecture should provide an elaboration of an enter-
prise’s strategy, while focussing on the core concerns of the stakeholders. As such, an
architecture is typically positioned at a level concerned with a class of systems. A de-
sign focuses on the remaining requirements and design decisions pertaining to a specific
system being developed, which will typically have a limited impact on the key concerns
of the stakeholders.

Fehskens [37] states that architecture should explicitly address alignment, relating
the role of architecture to the mission. He redefines architecture as “those properties of
a thing and its environment that are necessary and sufficient for it to be fit for purpose
for its mission”. In his view, architecture should focus on what is essential, on “the stuff
that matters”. This equates to those properties that are necessary and essential. This
is also what distinguishes architecture from design. A different architecture implies a
different mission, whilst different designs may address the same mission.

Rivera [42] acknowledges that architecture is about the essense. He adds that gen-
erally speaking, design work seeks to find optimal solutions to wellunderstood prob-
lems. It’s more science than art, algorithmic in nature, and deals mostly with a system’s
measurable attributes. Architecting deals primarily with nonmeasurable attributes using
nonquantitative tools and guidelines based on practical lessons learned. In his view, the
architecture uses a heuristic approach. Whereas design and engineering work is primar-
ily deductive in nature, architecture work is primarily inductive.

The distinction between design and architecture, also allows us to distinguish
between architecture and design versions of normative principles, instructions and
requirements respectively:

– Architecture principles are normative principles that are included in the architecture
of a class of systems.

– Architecture instructions are instructions that are included in the architecture of a
class of systems.

– Architecture requirements are requirements that pertain to the architecture of a class
of systems.

– Design principles are normative principles included in the design of a specific
system.

– Design instructions are instructions that are included in the design of a specific
system.

– Design requirements are requirements that pertain to the design of a specific
systems.

The role of these concepts is made even more explicit in Figure 2. In this diagram,
concepts from Figure 1 are shown in their architecture and design variants, and guided
by scientific principles. The diagram illustrates the flow from strategy via requirements
that should already be addressed at the level of the architecture, the actual architecture,
the requirements to be met by the design of the system, the design of the system, to the
implementation of the system implementation. The scientific principles can be applied
during the entire engineering process to motivate design decisions. Note that principles
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architecture
instructions

design
requirements design

scientific principles

implementationstrategy architecture

design
principles

design
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architecture
requirements

architecture
principles

Fig. 2. From strategy to implementation

are much less common in designs than in architectures. Rivera [42] even states that “One
of the key differences between the content of descriptions generated from architecture
work and that generated from design work is in their use of principles”.

As an illustration of the flow from strategy to implementation, we use a fictitious in-
surance company. Their strategy is to become the provider of the cheapest insurances in
the country. To this end they have formulated the objective to cut costs with 20% within
two years, which can be considered an architectural requirement. Based on this require-
ment they have defined an architecture principle which states that “business processes
are standardized and automated”. Although they could not find any scientific principles
to support this, they had good experiences with process standardization in other organi-
zations. The architecture principle is translated to specific architectural instructions on
the claims handling process. These instructions standardize the process by defining the
specific activities which must be present in all claims handling processes. A new claims
handling system is designed to support the standardized claims handling process. A
design requirement for this system is that it integrates with the recently developed cus-
tomer portal. The lead designer strongly believes that business rules should be defined
and implemented separately from other application functionality in this claims handling
system and therefore defines the design principle that “business rules are defined in a
business rules engine”. He also provides more specific design instructions on how to ac-
tually define these business rules, by prescribing the specific constructs in the business
rules engine that should be used. These design instructions are used by the developers
that use the rules engine to implement the system.

4 Conclusion

In this paper we have explored the concept of principle in relation to enterprise trans-
formations, leading to a conceptual framework more clearly defining principle and
associated terminology.

The presented framework is the first iteration in a design science [26] driven research
effort in which we aim to more clearly define the concept of architecture principles, and
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develop an associated methodology for defining and describing architecture principles.
We have produced a domain model of the concepts involved, taking into account estab-
lished definitions as well as practical experiences. While the proposed framework is a
synthesis of existing theoretical perspectives as well as empirical insights, in line with
the design science approach, the necessary next step is to validate this framework in
terms of additional practical cases and experiments. With the current conceptual frame-
work in place, we can indeed endeavour to do so.
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Abstract. The state of the practice in enterprise and software archi-
tecture learnt that relevant architectural aspects should be illustrated in
multiple views, targeting the various concerns of different stakeholders.
This has been expressed a.o. in the ISO/IEC 42010 Standard on archi-
tecture descriptions. In the same vein, the research community observed
that Architecture Description Languages, or ADLs, should be developed
to address stakeholders’ concerns concentrating on the use of viewpoints
for their description. This notwithstanding, we notice today a prolifera-
tion of ADLs impervious to these guidelines. This imperviousness creates
a gap between what the IT industry requires and what ADLs can pro-
vide. This gap makes it impossible for practitioners to choose and use
the best-fit ADL for his/her requirements. To fill this gap, we must an-
alyze the existing ADLs, and mine and make explicit their addressed
concerns, views, viewpoints, and stakeholders. Such an explicit overview
can provide practitioners with pragmatic information for selecting the
most suitable ADL, and hence support them in the architecting process.
This paper reports on initial results in this direction. Given a specific
ADL (namely, DARWIN/FSP), it presents a feasibility study on the
methodology mapping the concepts of the ISO/IEC 42010 on the DAR-
WIN/FSP ADL.

Keywords: Software Architecture, ADLs, Enterprise Architecture, Ar-
chitecture Viewpoints, Architecture Views.

1 Introduction

A large number of ADLs [22] from the academic community exists, but still finds
localized consensus from the mainstream IT market. Our goal is that of analyzing
both the types of needs of IT practitioners as represented by the ISO/IEC 42010
standard for architecture description [5], and the potentials of ADLs to fulfill
such needs. We argue that bridging this gap is the key step to: (a) render ADLs
an industrial asset in IT enterprises; (b) enable IT practitioners to choose a “best
fit” ADL; (c) ease the description of software architectures in IT enterprises by
means of ADLs for modeling [9], and of views/viewpoints for expressing all
needed information as a taxonomical map [10]. Our contribution to this goal is
a method to map standard elements from ISO/IEC 42010 on a certain ADL. We
chose a case study driven approach gathering feasibility data from experience.

E. Proper et al. (Eds.): TEAR 2010, LNBIP 70, pp. 71–85, 2010.
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Since we needed an ADL that outlived others in order to evaluate the impact over
time of the standard, the ADL we chose is DARWIN/FSP, given its long-lived
career as an architecture description technology.

We argue that the contribution of the method we explored is in its potential to
assess ADLs’ fitness in leveraging information to the enterprise architecture level,
adapting it to various types of stakeholders by means of multiple views. Thanks
to our methodology, ADLs and their views could be proven fit in managing
information within the IT, too, since alignment between information artifacts in
enterprise architectures is of extreme importance [27] in its own.

The paper is structured as follows: in Section 2 we show an introduction to
the two main technologies involved in this study, namely ISO/IEC 42010 Rec-
ommended practice for architectural description of software-intensive systems
[5] and DARWIN/FSP. Section 3 explains our main goal by stating the problem
that moved this research in the first place, while in Section 4 we expose our
research questions. Section 5 delivers the methodology we followed to analyze
the primary papers and the meta-model for DARWIN/FSP. Finally, Section 6
illustrates the results achieved in the study, while Section 7 concludes the paper.

2 Background Introduction

This section will introduce briefly the two main technologies involved in this
study as a reference to the rest of the paper, namely DARWIN/FSP [14] and
ISO/IEC 42010 [5].

DARWIN was developed in the early 90’s at Imperial College as an architec-
tural description language which would tackle the unknown frontiers of architec-
tural modeling and analysis, a rather unexplored topic at the time. To this aim
the authors tried to solve a number of architectural reasoning strongpoints by
providing a modeling notation and its analysis counterpart: DARWIN and FSP.
DARWIN is by definition of the authors [14], [15] a well-structured, declara-
tive configuration language, i.e. a description language which enables the formal
specification of composable software architecture structures. These structures
are de-composable (i.e. with sub-elements) and constraints may be deployed
on the design for it to uphold and maintain certain architectural properties or
style constraints. FSP is a labelled-transition system like notation which enables
proper modeling of system behavior in the form of composable and parallelizable
finite state authoms; this design is possibly fed to LTSA [13], an LTS analyzer
which is able in turn to check properties on the behavioral specification. The
metamodel for the technology can be found in [21].

Quoting [5], the ISO/IEC 42010 standard’s chief aim is that of addressing “
[..] the creation, analysis and sustainment of architectures of systems through the
use of architecture descriptions. A conceptual model of architecture description
is established.”. The elements in the standard’s core meta-model are so defined:

– system of interest: system whose architecture is under consideration and is
the subject of an architecture description.
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– stakeholder: individual, team, organization, or classes thereof, having con-
cerns with respect to a system.

– system concern: interest in a system important to one or more of its stake-
holders.

– architecture viewpoint: work product establishing the conventions for the
construction, interpretation and use of architecture views.

– model kind: conventions for one type of modeling.
– architecture model: a discrete part of an architecture view consisting of ar-

chitecture description elements.
– architecture view: work product expressing the architecture of a system from

the perspective of system concerns.
– architecture rationale: explanation or justification for architecture decisions.
– architecture description: work product used to express an architecture.
– architecture: fundamental concepts or properties of a system in its environ-

ment embodied in elements, relationships, and principles of its design and
evolution.

Additional elements we considered have been taken from the other meta-models
in the standard. For the sake of space we do not treat them here, but refer the
reader to [5].

3 Problem Statement

As defined in [5], stakeholder concerns expressed by industrial parties can be
seen as properties to be upkept by the architecture. In the same vein, an ar-
chitecture can be illustrated in views [24,18,4]. Since views are conforming to
viewpoints [26,4], and ADL-driven views are conforming to ADL definitions (via
the “meta-model <=> model” relation [8]), we argue that by mapping ADLs (and
their promised properties) on the 42010 standard (and its stakeholder concerns)
[5] we offer a natural mechanism to ensure that resulting software architecture
models will also yield the desired properties. Moreover we argue that with this
mechanism and the kind of information it provides, we offer a map to guide
practitioners towards the assessment of ADLs, ultimately to choose the “best
fit” ADL for their purposes.

4 Research Questions

Given the problem at hand, our main research question can be formulated as
follows: how can we map 42010 concepts on ADL concepts, so as to map ADL
properties onto viewpoints’ concerns while obtaining pragmatic information on
the ADL itself?

By giving an answer to this question we provide the means for an IT enterprise
to choose an ADL by stating its desired properties or additionally, by seeing
which properties can be expressed by which ADL and in which view, addressing
which concerns, and so on.
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There are many possible ways to answer our main research question. One
possible way is modeling an industrial success story (i.e. a successful industrial
application of concepts such as software architecture, viewpoints etc.) with the
ADL and checking if it fully complies with ISO/IEC 42010. Another way might
be to consider success stories previously modeled in the ADL and map elements
contained there, on the concepts from the standard. In loose line with this second
approach, we chose to carry out a case study with the general structure described
in Figure 1. The ADL at hand was investigated both in its meta-model and its
publications.
Our main research question has been refined into the following questions:

1. what are the concepts from ISO/IEC 42010 to be used in the mapping?
In order to use the standard as a map on ADLs it must be analyzed and
its elements must be pruned according to study requirements. The set of
concepts to be used in the mapping have to be defined. In addition, the
elements on which these concepts were to be mapped on the ADL had to be
defined as well.

2. how do we map the extracted concepts from ISO/IEC 42010 on a certain
ADL?
The way in which the concepts from the standard may be mapped onto a
certain ADL must be chosen. We used an exhaustive word and relations
search for our primary studies and a search for instances of the concepts
expressed in the standard for the meta-model. Relations from the standard
were also investigated on the meta-model.

5 The Case Study: Design

Keeping in mind the research statement we exposed in Section 3 and using our
research questions as guidelines we designed our study as follows.

As shown in Figure 1, the process we adopted is a top-down approach; by
means of it we can obtain a set of ISO/IEC compliance Tables, for a certain ADL.
These Tables carry the pragmatic information we were looking for, as introduced
in Section 1. We initiated our study by selecting primary study papers to consider
for the DARWIN/FSP ADL (branch 1a in Figure 1). We procured primary
studies from an initial pool of four publications we previously investigated in
previous work [21]. We merged these results with the ones obtained through a
on-line search1 following standard guidelines for systematic literature search. For
our search, inclusion criteria have been: (i) direct research or work on the selected
ADL; (ii) treatment of essential parts or implications of the selected ADL; (iii)
enhancement to the technological core of the selected ADL. Exclusion criteria
have been: (i) unrelated or loosely related publications (i.e. publications that had
only minor reference to the ADL in object or merely cited the ADL itself for
“related work” purposes); (ii) success stories, as they use the technology rather
than describing it; (iii) research works enhancing the ADL.
1 Google-scholar, google, ACM digital library, DBLP.
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With this approach, a total of 9 primary studies [17,19,11,16,15,14,6,13,7]
of various nature in addition to Kramer and Magee’s book [12] were selected.

Fig. 1. Analysis process
structure

Further on, we obtained a meta-model of DAR-
WIN/FSP from previous research efforts [21]
(branch 1b in Figure 1). We then extracted the full
extent of keywords available in ISO/IEC 42010 and
captured them on a Table representing: (a) the key-
words themselves; (b) the keywords’ synonyms; (c)
the terms each keyword is related with. For sake of
space the table is only available online2.

Synonyms in the query table were obtained
by searching every keyword in Google’s On-Line
Dictionary3. Relations amongst terms are taken
directly from conceptual meta-models in Figures 1
to 5 from [5]. Columns marked in grey (in all Tables)
identify all the new elements that were added in the
ISO/IEC 42010 as compared to the older standard
IEEE 1471 for architecture description [20].

With the Query Table at hand, we exhaustively
searched all keywords both on the papers and on the
DARWIN/FSP meta-model (branch 2a and 2b in
Figure 1): on the papers with the “advanced-search”
option within Adobe Professional 6.0 and by direct
comparison of the DARWIN/FSP and ISO/IEC
42010 complete meta-models. We searched key-
words first, then all synonyms.

We initially looked up the keywords and their
synonyms and reported HIT or MISS (branch 3a in Figure 1). Contextual in-
formation from the papers (i.e. the context in which the word was found on the
primary study) for each HIT was then captured in brackets.

We then compared results from the paper investigation with the meta-model
look-up, to mutually confirm results.

Misses in the papers and the meta-model were handled in the following way:
(i) If a MISS was found on the papers, then we verified if the word was composite
(e.g. software architecture = software + architecture); if it was, an additional
search was made with the "main part" of the composite word (i.e. the part that
pertains the most with the study itself: e.g. software architecture ==> search
for “architecture”). If an additional MISS was found then a MISS was accepted
and the space in the results Table was left blank. Because it is common for
publications to report composite terms only in their key parts (e.g. software ar-
chitecture ==> architecture).

2 http://docs.google.com/Doc?docid=0AQzadZCY_
NCHZGN0N2pzbmRfMjJmOGNmNnA5dw&hl=en

3 http://www.google.com/dictionary
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(ii) if a MISS was found on the meta-model, then we have two cases: (1)
the same keyword MISS was present on the paper side, in this case, MISS was
accepted as such; (2) a HIT for the same keyword was present on the paper
side. In this second case, the context from the HIT was used to extract concepts
(branch 4 of Figure 1) to be searched again on the meta-model (branch 5 of
Figure 1); this to double-check the results. If a miss was found again, then it was
accepted as such.

Table 1 was resulting from the investigation on the papers: the list of publi-
cations is ordered by increasing publication year. Note that main keywords were
written in normal text on the Table whereas synonyms are written in italic. Table
3 recaps results from the investigation of the meta-model. Besides the keywords
on the standard, we also analyzed the relations between them. Results for this
are captured in Table 2 for the papers and Table 3 for the meta-model. This last
investigation is relevant to analyze keywords also via their relations found and
where: indeed many of the findings which refer to two or more words found on
the papers, are concluded by analyzing results from Table 1 and double checking
them with results from Table 2. Also, many inconsistencies between concepts’
relations in ISO/IEC 42010 and the DARWIN/FSP meta- model can be pointed
out by analyzing results from this investigation.

To generate Table 2, we inspected Table 1, since each relation only exists
if both elements (in the relation) exist in the same publication. Therefore, for
every relation between keywords we verified the logical “AND” of each relation
directly on Table 1: “HIT1 logic_and HIT2”, where HIT1 and HIT2 are the
investigation results (contained in Table 1). Each cell in Table 2 contains the
publication where a relation is found between the column and row keywords
(HIT1 and HIT2 respectively).

In more formal terms, this Table is an “N * N” matrix where N is the number
of elements from the standard. The (n*m)-th cell contains the publications that
have both the “n”-th and the “m”-th term.

Results from this Table act as a semantical blueprint for the keywords for two
main reasons: (a) it provides data on where the keywords that refer to others
are present; (b) shows how keyword relations (i.e. the meaning and implications
of keywords) are present and to which depth for the ADL.

Given the limited size of both the meta-models at hand, we compared them in
Table 3. For the meta-models, we looked for instances of the classes represented
by the standard keywords (e.g. for the “Architecture Description” keyword we
searched for artifacts which represented a DARWIN architecture description,
and we found the “DarwinSpecification” element which was significant). The
standard itself becomes a map for the ADL meta-model, i.e. a reference meta-
meta-model [25]. So the methodology for finding relations on the meta-model
became: (i) take all the elements from the standard; (ii) using them as meta-
concepts, search on the meta-model instances of them or concepts semantically
close (i.e. which essentially express the same meaning); (iii) take all relations
from the standard; (iv) check if the same relations are held between the concepts
found; (v) capture results.
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Additionally, automated methodologies for comparing and differencing models
(and therefore meta-models) are also present in research [3,1,23]. Analysis results
are discussed in the next Section.

6 The Case Study: Execution Results

This section explains the results of our study, as summarized in Tables 1 and 2
for the primary studies, and in Table 3 for the meta-model. In all Tables, blank
spaces represent misses. Analyzing these Tables led to the following observations:

– Consider results in Table 1. When investigating “architecture rationale” as
such (column 14) it is evident that there is little to no direct reference to
“rationale” ’s, not in views, nor in viewpoints nor in architectural decisions
and reasoning practices; there is also an evident lack of formality when it
comes to architectural reasoning practices and definitions.

– By looking at the publication date of the primary studies, and at terms
“architecture rationale” (column 14) and “correspondence rule” (column 7):
the further back in time we go, the less common become keywords from
the 42010 standard (as compared to synonyms or decomposed words). This
suggests that standard notations provided a fair degree of consensus, as
further confirmed when we explored the documentation.

– Consider terms “architecture rationale” (column 14) and “stakeholder” (col-
umn 3): entries are almost completely missing. Indeed, stakeholders and all
the implications thereto are scarcely considered. If reasoning on them is
allowed or supported, there is little or no exploration of domain- and stake-
holder concerns which might be behind properties being verified. Specifically,
“stakeholder” itself is never found on the primary studies except once and
in the form of synonym (“decision maker”). This means that focus on stake-
holder concerns is still very limited if present at all. This hinders dramatically
the success rate of ADL industrial adoption as this technology is still unable
to properly express the concerns important for enterprises.

– Consider “view” and “viewpoint” (columns 9 and 12) from Table 1 and for
each HIT, consider the context in braces: in older papers, the definition of
standard viewpoints is missing. More in general, there are indeed big incon-
sistencies between view and viewpoint definitions across the papers. This
means that ADLs do not provide a focused vision on what description they
realize and how. Resulting descriptions are mixed, misaligned and ultimately
confusing.

– Further on “view” and “viewpoint” (columns 9 and 12): correspondence be-
tween the seemingly complementary views in DARWIN is overlooked, since
a match between HITs of the former and the latter cannot be done given
the context in brackets. Therefore, no direct definition of the complemen-
tary nature intended for the two vistas is present. Moreover from columns
“model correspondence” and “correspondence rule” (columns 6 and 7) it is
evident that correspondence between instances in the two views is loose and
no direct model correspondence can be identified precisely anywhere in the
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primary studies. Again this point confirms that ADLs provide misaligned
views. Since alignment is critical in enterprises, ADLs may result hostile.

– In general, if we consider all the greyed columns in Table 1: all these elements
have been covered in current publications quite loosely, if at all. The standard
is calling here for standardization of ‘new’ concepts that still need to be
introduced in the architecture description community. This means that ADLs
are outdated, careless of standard practices and still too far from effective
enterprise needs.

– Consider now the absence of HITs for term “framework” (column 8); this
identifies a lack of cohesion in the ADL at hand. This notion indicates there-
fore that this ADL in particular lacks the idea of a basic conceptual structure
used to solve or reason about complex architectural issues. This notion un-
derlines the need for more clarity and conceptual background for ADLs.

– As for term “system of interest” (column 1): we found there is absolutely no
mention of system of interest. The selected ADL strongly points at concur-
rent systems and makes no reference to additional potential usage. No ex-
ploration effort whatsoever, was ever poured into this direction. This means
that ADLs are un-targeted, consider no focused direction and ultimately try
to reach a scope of systems too broad for it to be meaningful.

– When filling column 13 for term “model kind”, it became evident to us that
there are typed elements but no model typing. Rather, models have exposi-
tion targets (i.e. Software Architecture details they must capture). Moreover,
typing of models and reasoning about model kinds is only found at a formal
and semantic level in the most recent of our primary study, DARWIN/FSP
language BNF, and therefore outside of the specific architecture description
domain. This means that still there is a lack of concepts in the ADL. Further,
ADLs are too distant from the Model Driven trends that are evident now in
enterprise architecture.

– When filling column 10 “architecture decision”, we found out that there is
no direct mention of decisions, rather of properties to be checked on dia-
grams. It is noticeable also that “architecture decision” finds HITs only in
older publications. This means that newer works do not focus on capturing
architectural design decisions either, hence neglecting the recognized shift of
architecture to a set of design decisions [2].

– By cross checking Table 2 with results in Table 1 it can be noticed that there
is little or no “direct” relation verification, meaning that relations are seldom
verified with HITs of main keywords from the standard. Most relations are in
fact verified thanks to synonyms of related terms. This means that there is
little compliance between DARWIN/FSP, with the guidelines used in ISO/
IEC 42010. Indeed ADLs are far from the concepts needed in the IT world
and the standard provides a valuable recollection of such concepts.

– There are only a few publications which carry a significant amount of HITs,
i.e. lots of terms and relations are hit/verified in a limited amount of pub-
lications. Moreover, overviewing Table 2, it is apparent that a very limited
amount of relations are verified; this identifies a serious lack of concern for
the implications and influences each term has with other concepts.
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– Carefully analyze Table 2 as a whole: either relations are present/treated in
different (i.e. more than one) publications or they are not present at all. This
can either mean clear distinction of boundaries of the application domain for
DARWIN/FSP or a formally specified technology with a rather strict focus
of the technology itself.

– Check on Table 2 all the entries that are marked in grey. Again these entries
identify the new elements w.r.t. the older IEEE 1471 standard for archi-
tecture description. Relations for the new elements are scarce. This again
provides proof that ADLs are still inconsistent with agreed upon standards
and terminologies.

– Checking Table 2 it becomes evident that important terms’ relations such as
“architecture rationale”, “model kind”, “architecture decision” and even “soft-
ware architecture” itself are unexplored, loosely considered and ultimately
left for open interpretation. This point provides evidence that there is still a
strong need for more clarity of concerns for ADLs. ADLs need to relax their
targeted front of systems.

– From data on Table 2 and given what was stated earlier concerning “views”
and “viewpoints” in DARWIN/FSP, one would expect the relations involving
“view” and “viewpoint” to be loosely present. Indeed these two terms carry
many results, which identifies the author’s will to sustain the existence of a
relation between the two keywords, but the concepts behind them are only
loosely implemented and evident on the primary studies (as evident from
Table 1). This means that ADLs do recognize the need for the separation
of concerns into views and viewpoints but at the same time do fail in im-
plementing this division. The technology is too rooted around the legacy
concepts that originally moved it.

Following on, these findings were made while inspecting the meta-model results
Table 3:

– Consider the elements added in ISO/IEC 42010 (grey columns): inspection
of the meta-model confirmed DARWIN/FSP’s lack of new and fundamental
concepts present in the standard, and hence needed in modern IT software
ecosystems. Moreover, consider the two columns with HITS, “archi. decision”
and “model kind”: it seems that while decisions made at an architectural level
may be expressed as constants and constraints but the rationale behind them
is left away.

– Consider elements “model correspondence” and “correspondence rule”: the
absence of these two terms at the meta-model level reveals a deep shortfall
within its structure. The mapping between the architecture in DARWIN and
its behavior in FSP is reported on the meta-model with a simple associa-
tion and has no additional specification. This means that the two separate
blueprints of the system are merely juxtaposed and linked rather than inter-
mingled. This strongly enforces our hypotheses made by inspecting Tables 1
and 2.
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Table 1. Results after applying the first branch of the mapping strategy
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Table 2. Results of the search for relationships amongst terms
T
e
r
m

s
/

T
e
r
m

s

sy
st

em
o
f

in
te

re
st

a
rc

h
it
ec

tu
re

st
a
ke

h
o
ld

er
c
o
n
c
e
r
n

a
rc

h
it
ec

tu
re

d
es

cr
ip

ti
o
n

m
od

el

co
rr

e-

sp
o
n
-

d
en

ce

c
o
r
r
e
s
p
.

r
u
le

fr
a
m

ew
o
rk

v
ie

w
p
o
in

t
a
rc

h
it
ec

tu
ra

l

d
ec

is
io

n

m
o
d
e
l

v
ie

w
m

od
el

ki
n
d

r
a
t
io

n
a
le

sy
st

em
o
f

in
te

re
st

[6
]

a
rc

h
it
ec

tu
re

s
t
a
k
e
h
o
ld

e
r

[7
]

[7
]

[7
]

c
o
n
c
e
r
n

[7
]

[7
],

[6
],

[1
4]

[7
],

[6
]

a
r
c
h
.

d
e
s
c
r
ip

t
io

n

[6
]

[6
],

[1
7]

,
[1

9]
,[

15
],

[1
4]

,[
7]

,
[1

3]

[7
]

[7
],

[1
4]

,
[6

]
[1

5]
[1

9]
,[

11
],

[1
3]

,[
7]

,
[6

]

[6
],

[1
5]

,
[1

3]
,[

17
],

[7
],

[1
9]

[1
1]

,
[1

5]
,[

6]

m
o
d
e
l.

c
o
r
r
e
s
p
o
n
d
.

[1
5]

co
rr

es
po

n
d
en

ce

ru
le

[1
5]

[1
2]

fr
a
m

e
w

o
r
k

v
ie

w
p
o
in

t
[7

]
[7

],
[6

]
[7

],
[6

],
[1

3]
,[

19
]

[7
],

[1
3]

[7
],

[1
9]

,
[1

3]
,[

6]
[6

],
[1

9]
a
rc

h
it
ec

tu
ra

l

d
ec

is
io

n

a
r
c
h
.
m

o
d
e
l

[1
5]

[7
],

[1
3]

[7
],

[1
5]

,
[1

3]
,[

17
]

v
ie

w
[7

],
[6

],
[1

3]
,[

19
],

[1
5]

,[
17

]

[7
],

[6
],

[1
3]

,[
19

]
[7

],
[1

5]
,

[1
3]

,
[1

7]
m

od
el

ki
n
d

ra
ti
o
n
a
le

[1
5]

,[
11

],
[6

]
[1

1]
,

[1
5]



www.manaraa.com

82 D.A. Tamburri, P. Lago, and H. Muccini

Table 3. Results of the meta-model look up of standard terms and relations
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– On Table 3 the presence of instances for “architecture decision” in the meta-
model enforces our hypothesis that decisions can be realized with constants
and constraints but these cannot be traced to entities representing the con-
cerns and decisions that brought them about. This means that potential
adopters will find it difficult to keep architectural data consistent and mean-
ingful.

– Again on Table 3, It is indeed noticeable that within dozens of elements
within the meta- model merely two can be instances of elements from the
standard. Therefore, the meta-model has no sufficient power as to express its
potential properly, abstract classes such as “software architecture” or “archi-
tecture element” in it are missing. These might have been used to match them
with additional keywords such as “software architecture” from the standard.

– Consider relations: no relations exist between the concept of “view” and the
concept of “viewpoint” hence confirming our inconsistency of concepts hy-
pothesis. Indeed the two concepts are misinterpreted and ultimately misused.

– Consider again relations: the absence of relations between the new keywords
introduced in ISO/IEC 42010. One would expect that a proper meta-model
exhibited some of these relations even if no mention was made in the primary
studies, as these relations ensure the correct behavior and power of expression
of the meta-model itself. On the contrary these relations are missing for every
keyword except “architecture decision” and “model kind”.

7 Conclusions

In this paper we introduced the results obtained through a feasibility study
investigating the mapping of elements from the ISO/IEC 42010 standard [5] on
a particularly affirmed and long lived ADL, DARWIN/FSP. From this study we
were able to deduce a number of considerations among which:

(i) The presence of consolidated architectural standards and increasing academic
interest in its domain is steadily leading to a consensus of terminology and com-
monly agreed definitions. This means that indeed the standardization effort is
having influence on the architecture community. This also suggests that using
the 42010 standard as a map is a promising approach to engineer a methodology
for our final goal, i.e. leverage architecture relevant information from (technical)
ADLs to (standardized) needs of IT practitioners. In this way, alignment of en-
terprise architecture and software/IT architecture is facilitated;
(ii) There is still little or no recognition for the need of architecturally descrip-
tive viewpoints targeted to every concern an ADL wants to address; this means
that indeed there is the strong need and urge to introduce more and more the
concept of “viewpoint” in the picture of ADLs - using it as a key for the separa-
tion of concerns and an incentive for the ADL selection process, since it clearly
delineates the ADL’s targeted concerns;
(iii) ADLs remain promising technologies but lack clarity of vision upon ex-
pressing and supporting this promise: ADLs are in fact engineered to narrowly
support particular engineering domains but these are often undocumented or



www.manaraa.com

84 D.A. Tamburri, P. Lago, and H. Muccini

open to interpretation; their concepts are not carefully explored and the inter-
dependencies they carry, are left unexplored;
(iv) While ADLs do address architecture design, they still underspecify or dis-
regard reasoning and architecture rationale;
(v) The methodology used in the presented case study is able to deliver the prag-
matic information we are looking for. With this information it is indeed possible
to draw conclusions on a selected ADL and its compliance to ISO/IEC 42010
and ultimately, its fitness and strengths for selected domains.
These considerations pose grounds for more articulated and broader experimen-
tation to solve the problem stated in Section 3, i.e. offer practitioners with a map
to compare and select an ADL depending on their own needs. Though, the main
question deriving from our problem statement was here only initially explored,
and will require further work to be fully answered.

These initial results, however, suggest that a more thorough and automated
mapping strategy is indeed feasible and its potentials are great. A number of
open paths can be explored from this point:
(a) automate the compliance verification of ADLs as well as harvest viewpoints
and concerns from their meta-model; (b) assess the effective power of expression
of ADLs as matched against ISO / IEC 42010; (c) generalize the conclusions in
this paper to a broader ADL set.

Stemming from the results presented in this paper, our ongoing work is ad-
dressing point (a). Updates are being disseminated through the Working Group
on Architecture Viewpoints Repository4 under the ISO umbrella.
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Abstract. The SOA Innovation Lab investigates the use of standard software 
packages in a service-oriented context. As a result, we present a holistic ap-
proach for developing a service-oriented enterprise architecture with custom 
and standard software packages. It starts on enterprise level with the identifica-
tion of domains where both the SOA paradigm and standard software are of 
relevance.  Here SOA capabilities of products from different vendors can be 
evaluated within a new maturity framework SOAMMI. After pre-requisites and 
dependencies between distributed components are determined, a high-level ar-
chitecture can be developed. On the basis of use cases and integration patterns 
this high level architecture can be refined and verified.  Besides methods and 
related artifacts, we present current adoption issues for standard software pack-
ages in service-oriented contexts. 

1   Introduction 

The growing complexity of IT landscapes is a challenge for many companies. A large 
number of standard software packages - mostly extended and modified, individual 
software solutions, legacy applications, and different infrastructure components - lead 
to high cost and limited responsiveness to new business requirements. Many compa-
nies start enterprise architecture management (EAM) initiatives to tackle this prob-
lem. In areas where flexibility and agility are important, SOA is the current paradigm 
to organize and utilize distributed capabilities. Here, the use of standard software is 
often a challenge, especially when dealing with services on a fine granular level. Al-
though many vendors of standard software packages advertise that their product is 
SOA enabled, the adoption of SOA with standard software is still rare. 

The use of standard application platforms emerged in many cases from the intro-
duction of ERP systems, aiming to cover all basic business functionalities of a com-
pany and integrating those into a more or less closed system. ERP application suites 
often dominate the enterprise architecture application layer and the associated auto-
mation of business processes in a rather monolithic, proprietary way [1]. Disadvan-
tages of standard application platforms include potential difficulties when fitting to 
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individual business processes. In addition, their limited agility after first customiza-
tion provides obstacles for the adaption to changed business needs and flexible prod-
uct or service extensions [2]. Standard platforms are often limited in scope and less 
performing as compared to their best of breed or custom developed counterparts. 
Additionally, the integration with other leading systems may be a serious issue and 
challenge for open system environments, which need to support end-to-end business 
processes. 

Some of these limitations can be overcome with the help of service-oriented archi-
tecture. SOA is an IT architecture paradigm that utilizes services as fundamental, 
flexible, and interoperable building blocks for both, structuring the business and for 
developing applications. SOA is a business oriented architecture style, often based on 
best of breed technology for agnostic business services, delivered by applications in a 
business-focused granularity [1]. An introduction into fundamental SOA concepts, 
technologies, and case studies can be found e.g. in [3, 4]. A discussion of current 
architectural standards for SOA reference models and ontologies, reference architec-
tures, maturity models, SOA modeling profiles, and open standards work related to 
the topic of SOA governance is provided in [5].  

Initially SOA was burdened with hype and inflated expectations. Now it is part of 
an ongoing discussion about software architecture. The benefits of SOA are recog-
nized, they comprise flexibility, process orientation, time-to-market, and innovation. 
The adoption of tools and methods for SOA is growing. An overview about the cur-
rent status of adoption can be found in the SOA Check 2009 [6], an empirical study 
about the development of current SOA systems in Germany.  Reports on the maturity 
of SOA technology from vendors are provided by various analysts (see e.g. [7, 8, 9]).  

SOA takes place on different levels of scope – company-wide or system specific, 
different levels of time horizon – operatively planned and budgeted projects, projects 
in a 2-3 year project portfolio. Also SOA usually touches different strategic aspects 
too. All those dimensions can be addressed in different levels of detail and granular-
ity. We have developed methods and tools for these different perspectives of architec-
ture in order to support companies in developing a service-oriented architecture, 
which takes advantages of the use of standard software packages as much as possible.  

On the strategic level we have developed an approach for the design of a service-
oriented enterprise architecture, in which the areas where SOA and standard software 
package promise high benefits are clearly marked [10]. Besides that, we have built a 
SOA architecture maturity framework. It allows a comprehensive assessment of the 
SOA ability of standard platforms and their vendors, covering all dimensions of an 
enterprise architecture, as e.g. structured in TOGAF [11], ensuring the sustainability 
of the standard software packages in question.  

For the tactical planning and the definition of a project portfolio with an up to three 
year time horizon, our approach contains methods for mapping SOA services of stan-
dard software packages to domain maps. 

Last but not least, we provide real life SOA use cases and their corresponding solu-
tions in order to effectively build solution architectures on the operative level. Use 
cases are combined with integration patterns – including corresponding templates – 
and a capability map for SOA infrastructure components.  

One of our finding is that some disadvantages of standard application plat- 
forms remain, even after the extension of classical standard system modules with  
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fine-grained service-oriented access shells. In many cases such services are not self-
sustaining and have to be used with their whole package, or need to integrate several 
complete system modules. 

In this paper we give an overview of our method in Section 2. The following sec-
tions provide details and sketch corresponding artifacts: Section 3 and 4 summarize 
the identification of domains, where a combination of SOA and standard software is 
suitable. In Section 5 we introduce a SOA Architecture Maturity Framework. SOA 
use cases, integration patterns are sketched in Section 6.  

2   Method Overview 

In order to identify areas for the use of standard software packages in a service-
oriented environment, it is necessary to establish basic EAM capabilities. This in-
cludes the definition of a domain map and a picture of the current IT architecture 
landscape as the core artifacts for EAM. To develop these artifacts, the role of an 
enterprise architect needs to be established, who is able to understands business needs 
and translate them into IT requirements. Finally, governance processes need to be 
introduced to ensure that the target architecture will be implemented. 

The central artifact for developing a SOA landscape is the domain map. The SOA 
Innovation Lab has developed a method for the creation of domain maps, which is 
explained in detail in Section 3. We have developed a taxonomy and templates for 
describing domains and have started to collect best practice examples from members 
of the SOA Innovation Lab. Each domain map is highly individual, suiting a specific 
business context. Nevertheless, our collection of domain maps can be used as a start-
ing point for the development of templates for specific industries. 

SOA has strong benefits, like agility, flexibility, and reduction of redundancies. 
These benefits are not a priority in all functional areas - some require efficiency and 
reliability instead, e.g. HR or Controlling. This means, there is a need to develop 
cases for SOA and standard platforms based on individual domain requirement, e.g. 
sales order management. Therefore, the next step is to assess and weight business 
needs on domain level, as outlined in Section 4. We have developed principles for this 
weighting of domains. As a result, one can define for each domain whether a solution 
should be SOA enabled. 

For a domain with a business need for the benefits that SOA might offer, it has to 
be assessed if a SOA enabled standard package is available as a solution. In order to 
identify packages that might suffice, we have developed a questionnaire to evaluate 
the SOA ability of a vendor. This questionnaire is based on a SOA architecture matur-
ity framework which we introduce in Section 5. It is constructed by integrating differ-
ent analysis views, using a consistent meta-model approach based on correlation 
analysis of intrinsic model elements. For this purpose we have transformed CMMI 
[12], which is originally an assessment framework for software processes, into a 
framework to analyze systematically enterprise architectures for packaged based SOA 
environments. Hereby we have used assessment criteria, maturity domains, architec-
ture capabilities, and level rankings from different SOA maturity models [13].  
Additionally we have selected architecture elements from state of art architecture 
frameworks like TOGAF [11], Essential [14], and Quasar Enterprise [15].  
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In addition to the overall SOA ability, it is necessary to map the vendor solution to 
the detailed domain map, to evaluate the overall functional fit. The SOA ability of the 
identified package then needs to be evaluated against specific SOA use cases. We 
have constructed a taxonomy for SOA use case descriptions which span functional as 
well as non-functional characteristics, like performance, transaction volume, security. 
A short introduction is given in Section 6. 

Once a functional fit has been verified, it is necessary to identify dependencies of 
the standard software package regarding processes, functions and data. For most stan-
dard software packages, the deployment unit is not a small collection of tightly cou-
pled services, but rather large bundles of services. In some cases the whole package is 
required in order to use only few services.  

For standard software packages that fulfill the functional and non-funcional  
requirements, a first draft of the to-be architecture then needs to be developed. This 
includes the high-level system architecture, as well as integration patterns for the 
physical architecture (see also [16, 17]). We have developed a capability map for 
integration that allows, to structure corresponding requirements. In addition, a taxon-
omy for integration patterns has been constructed and a set of best practices for  
integration in a SOA environment has been compiled. These patterns can be used to 
assess the integration capability of a standard software package. 

The final step is to define the roadmap for the implementation of the SOA enabled 
standard software packages. The as-is architecture needs to be evaluated against the 
target architecture. In many cases a number of standard software packages are already 
in place, but are not used in a SOA enabled way. The gap between as-is and target 
architecture then needs to be identified and business cases have to be developed, to 
prioritize the steps of the implementation. 

3   Definition of Domain Map 

When developing enterprise architecture under the SOA paradigm, a domain map is 
the central artefact, which structures and organizes the needed capabilities. It uses – 
from a business point of view – the principles of information hiding, separation of 
concerns, and tight/lose coupling, and makes them transparent. Since one major goal 
of SOA is the increase of reusability and flexibility by respecting these principles in 
business and IT, domain maps provide the corresponding topographic base. Methods 
for the identification of domain maps are described in several publications, e.g. [15]. 
Figure 1 shows a typical result. 

However, more work needs to be done, if an architect wants to identify areas, 
where SOA and the use of standard software packages make sense. Here we have 
introduced the following steps for refinement: 

 

1) Define degree of differentiation and sharing: In this step an architect evaluates 
on domain level the need for differentiation and the ability to be shared throughout 
the company. This investigation will result in a categorization of the domains and the 
corresponding capabilities as shown in Figure 2.  
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Fig. 1. Illustration of a domain map from [15] 

2) Refine domains: In this step the architect will apply domain refinement patterns to 
the classified domain map. They are based on the method for finding domains from 
the SOA Innovation Lab. 

Modularisation: Here one domain is split into two. This pattern is often applied to 
domains where the need for differentiation cannot be clearly marked. For example, 
some capabilities in one domain might have high needs for differentiation, others not. 
In this case modularisation can make sense, because the IT systems that automate the 
two different service types are often subject to competing non-functional require-
ments, e.g. high flexibility versus cost efficiency 

Generalisation: This pattern is applied to domains that have some, but not all capa-
bilities in common. The common capabilities are generalized and form a new, central-
ized domain. They now can be used in a shared way. This situation appears often in 
domains that cover the same functional area but modularisation has taken place be-
cause of a few, e.g. organization or product specific, non-sharable capabilities. 

Aggregation: This pattern is usually applied to a number of domains that share their 
low need for differentiation. Here two or more domains are merged. In this case the 
architect reduces potentially unnecessary complications due to needless loose  
coupling. 

3) Finalization: During the whole process of defining a domain map, the stakeholders 
from business and IT needed to be deeply involved. In addition to this, the architect 
will have produced different versions of domain maps. In this final step he will need 
to consolidate the different versions and get a final buy-in for his suggestion. 
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Fig. 2. Illustrative example for categorizing domains and their capabilities 

4   Weight Business Needs on Domain Level 

Once an architect has defined a domain map as described above, he will need to char-
acterise the domain map and provide information on a more fine-grained level. The 
goal is to develop a to-be architecture, which marks clearly those areas where the 
usage of standard software packages makes sense. In order to achieve this, the archi-
tect needs to classify each domain according to its business needs, in addition to the 
need for differentiation and ability to be shared.  Figure 3 gives an example for this 
categorization. 

In Figure 3 the columns sales planning, sales processing and sales delivery are the 
subdomains of the domain sales.  Let us illustrate the principle behind these ratings 
with few examples: For the domain sales processing, the business need for need for 
differentiation was rated high, since it is in our example crucial for gaining advan-
tages over competitors to have unique business processes, which assure the shortest 
throughput times and the best adherence to delivery dates. Because of this, processes 
must be changed according to changed market requirements and products as quickly 
as possible – the underlying IT systems must be agile.  

For the domain sales delivery, we rated the need for differentiation and agility low. 
Since, in our example, it would make only little difference whether the corresponding 
processes were performed similar to those of the competitors or not. Furthermore, 
these processes have not changed much in the last years and probably will not change 
in the years to come.  

For the latter there is a high potential to use a standard software package in a ser-
vice-oriented way sustainably - if a package can be found, which automates the 
needed functionality appropriately.   
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Business Needs

Need for Differentiation1

Agility2

Compliance3

Ability to be reused4

Sales
Planning

Sales
Processing

• H

• M

• L

• H

• H

• M

Sales
Delivery

• L

• L

• L

H (High)
M (Medium)
L (Low)

• M • H

Business Criticality5

• H

• M • H • M

 

Fig. 3. Illustrative Example for categorizing subdomains according to their business needs 

For the former the architect will have to do some refinement in order to identify ar-
eas on more fine-grained level, where the service-oriented usage of standard software 
packages makes sense. He will have to identify subdomains and rate them again. 

These refinement and rating steps have to be iterated until either agility and differ-
entiation is of low relevance, or the domains represent capabilities that correspond to 
exactly one role and one goal. This stop criterion is necessary to control the level of 
granularity and to limit the complexity of an overall SOA landscape. Automating 
isolated fine-granular services with standard software usually will not bring additional 
benefits, because dealing with built-in dependencies of standard software package is 
most often more expensive than automating these services in a custom-built way. 

After the architect has iterated through these steps, he will have to identify concrete 
standard software packages for those domains, for which agility and differentiation 
are of low relevance. On this basis the architect will develop a to-be architecture, in 
which fine-grained services on function or data level enhance the standard software 
packages with needed functionality and where standard software packages offer ser-
vices that can be combined to higher-level processes. A typical architecture for com-
bining custom and standard software in a service-oriented way is shown in Figure 4.   

This architecture is based on the Application Landscape Reference Architecture 
from [15]. It suggests that in an ideal SOA, components should only automate ser-
vices of exactly one category – interaction, process, function or data – and that the 
latter should not depend on the former in terms of interface relationships. When deal-
ing with standard software, additional aspects are important: 
• Try to avoid the integration of complex custom processes components into stan-

dard software components, because this would lead to a significant loss in flexibil-
ity, when the custom software components need to be changed. (see (1) in Fig. 4) 
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Fig. 4. Typical architecture for combining custom and standard software in a service-oriented 
way 

• Missing isolated functionality in standard software components should be added 
through a service-oriented integration of custom function and data services. Be 
careful when integrating functionality of higher complexity. (see (2) in Fig.4) 

• Try to avoid custom specific relationships to standard software packages if the 
latter are solely used for isolated function or data services, because the manage-
ment of those standard software components and the analysis of interdependen-
cies will usually be very time consuming and error prone. (see (3) in Fig.4) 
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• Combine custom software and standard software processes to higher level proc-
esses on the basis of custom built software. (see (4) in Fig.4) 

5   SOA Architecture Maturity Framework 

After domains have been identified, where the use of SOA and standard software is 
favorable, it has to be checked, if an appropriate standard software package is avail-
able. For this purpose, the SOA Innovation Lab has developed the SOA architecture 
maturity framework SOAMMI [18]. SOAMMI is built upon the metamodel of CMMI 
and integrates frameworks and architecture standards from various sources: We have 
included model specific architecture elements from TOGAF and Essential [11, 14]. In 
addition, we have used assessment criteria, maturity domains, architecture capabili-
ties, and level rankings from state-of-the-art SOA maturity models [13]. The result for 
the metamodel of SOAMMI is shown in Figure 5. 

SOAMMI contains five Maturity Levels [18], where currently most platforms are 
expected to be located within level one and three:  

Maturity Level 1: Initial 

• Vendor service architecture is not performed or contains initial coverage only 
• Architecture is unpredictable and poorly controlled 
• Initial service architecture methods and corresponding knowledge transfer only 

Maturity Level 2: Managed  

• Vendor service architecture is managed, with medium completeness and coverage  
• Vendor supports architecture enablement, corrective actions when necessary 
• Vendor service architecture is institutionalized within own products  

Maturity Level 3: Defined  

• Vendor service architecture is defined with large completeness and coverage  
• Customer service architecture is agile, derived from standard vendor architecture 
• Vendor supports service strategy and architecture governance with methods, tools 

 
The top level structure of SOAMMI is organized by five architecture domains 
adapted from TOGAF [11]: Architecture Strategy and Management, Business Archi-
tecture, Information Architecture, Application Architecture, Technology Architecture, 
Service & Operation Architecture, Architecture Realization.  

Architecture areas where taken primarily from TOGAF [11], Quasar Enterprise 
[15] and Essential [14], supplemented by input from realistic integration scenarios 
from SOA Innovation Lab members. Architecture areas relate to specific goals and 
specific practices – as known from CMMI [12]. In analogy to CCMI we have also 
formulated capability levels, generic goals and practices, which demonstrate the insti-
tutionalization of specific goals belonging to an architecture area.  
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Fig. 5. Metamodel of SOA architecture maturity model SOAMMI [18] 

As an example, within the architecture domain Business Architecture we have the 
architecture area Business Capabilities and Services, which includes specific goals 
(SG) and practices (SP) like:  

• SG: Determine business services for SOA packaged software solutions and  
optimize business processes 

• SP1: Identify and map business services to business capabilities 
• SP2: Determine degree of coupling between services 

 
SOAMMI serves as a top-down approach, which ensures that an evaluation of stan-
dard software platforms covers all relevant dimensions. For practical assessment 
workshops with vendors we have combined SOAMMI with bottom-up questions, 
derived mainly from requirements based on use case scenarios from SOA Innovation 
Lab members. At the end we have obtained a questionnaire which is structured  
according to SOAMMI, i.e. specific goals and practices are related to practical  
assessment questions. As an example, an assessment question for the specific practice 
Determine degree of coupling between services is: Which are the interdependencies 
between services and process components? As a result, a pragmatic questionnaire has 
been derived, which can be completed in a 3-4 hour workshop with vendor experts. 
General observations after the assessment of first vendor platforms are:  

• Until now only few big implementation projects for SOA and standard software 
platforms have been realized. 

• SOA is clearly embedded in the strategy of most vendors of standard software.  
• SOA is often used to provide service-oriented access to data and information of 

standard software packages.  
• Currently SOA is rarely used to break-up and disentangle different components 

of standard software packages. 
• Methods and concepts for the implementation and governance of SOA with stan-

dard software are mostly available.  
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Fig. 6. SOA use cases types 

6   Use Cases and Integration Patterns 

Once an overall SOA ability has been verified, a detailed evaluation of SOA use cases 
needs to be performed. To this end the SOA Innovation Lab has identified important 
characteristics of SOA use cases and developed a template for use case descriptions. 
In Figure 6 we show typical types of SOA use cases, distinguished by the complexity of 
the integration logic and underlying application landscape. A meaningful description  
of SOA use cases includes a sketch of the system landscape and an application architec-
ture. On integration topics - spanning the integration of front-ends, processes, applica-
tion logic, and data - detailed information is required. Finally, a use case template also 
should include a business case summary, as well as benefits and challenges expected 
from an implementation with SOA. 

Integration patterns provide building blocks for the architecture of SOA use cases. 
The SOA Innovation Lab has developed a template for the description of these pat-
terns. The template consists of five parts: an overview, a problem description with 
example, a solution proposal. For details see [19].  

When identifying an initial pattern catalog the SOA Innovation Lab members rec-
ognized two triggers: The first comes from analyzed use cases. For example, one 
common use case is that end-to-end processes span several departments, users, roles 
and especially different applications. Some of these applications are customized 
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Fig. 7. Capability Map – reference architecture for service-oriented integration 

standard software packages, others are individual solutions. An often used integration 
pattern for implementing an IT-based flexible end-to-end process is to encapsulate all 
involved applications into a common service façade. The service façade manages the 
access to common data for different software packages and offers one common tech-
nical and business interface. In this way the SOA Innovation Lab members derived 
the service façade as one of the first best practices when combining standard and 
individual software packages in a service oriented manner. 

A second source for integration patterns are technical integration components for 
SOA implementations: For the physical realization of use cases the SOA Innovation 
Lab has created a capability map. It has been developed as reference architecture for 
the service-oriented integration of software components. It contains all integration 
components needed in SOA implementations (see Figure 7). One component is a 
service repository. It is common sense that there should be only one logical instance 
of an enterprise service repository (ESR). Unfortunately each vendor or solution 
provider introduces his own physical instance of an ESR. So there is need for an 
integration pattern how to combine all physical instances of an ESR into one logical 
instance. In this way the capability map becomes a second trigger for further integra-
tion patterns. 

7   Outlook  

In this paper we have sketched a holistic approach for developing a service- 
oriented enterprise architecture with custom and standard software packages. Besides a 
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description of the method, we have introduced important artifacts.  The SOA Innova-
tion Lab plans further investigations on the usage of SOA within an EAM framework.  

One area of future activities deals with the construction of software landscapes in 
the context of monolithic business applications. As a result, we will obtain solution 
proposals for software landscapes with standard software packages and SOA. Part of 
this project is the development of a requirement catalogue for vendors, aiming at 
more flexibility in the usage of standard software components.  Furthermore we in-
tend to detail our general results related to domain modelling and road mapping for 
complex application landscapes. Here the systematic development of architecture 
principles in a SOA world is key. Finally, we plan to investigate methods and solu-
tions for the integration of internal and external services in mixed application  
landscapes, which consist of on-premise and on-demand solutions.  
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