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Abstract. IT alone is no longer sufficient for business essc Companies need
to control enterprise-wide processes and adopthimgcactions. This paper
presents an overview of existing approaches of rarise Architecture

Management (EAM). By reasoning, the importance raédrated EAM for

small and medium-sized enterprises (SME) is umuesli The study is
structured as a systematic literature review ofepgpublished by selected
journals and book series from 2006 till 2012.
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1 Introduction

It is essential to make the organization more semstowards the interaction of
business strategies, customers, application systarsorganizational units. At the
same time there is no coherent architecture cogehi@ majority of problems. [1, 28,
45]

Enterprise Architecture (EA) is the formal declaratof the basic structures of an
organization, its components and relations, as wsll the processes used for
development. [2, 3, 4, 10, 12, 45] The specific enpéntation of EA is derived from
a rich set of framework models and the economic aigdnizational situation of the
specific enterprise. Caused by industrial chantgesdutomatization, standardization
and innovation, enterprises began to focus on soéwroducts and IT. In the past, IT
focused architectures failed to integrate otheedsyand functions of the enterprise.
The complexity of integrating different layers likeisiness processes, applications
and technologies should be controlled to get l@asgihg opportunities of action. [6]
“It is such a complex topic that easy and geneoblt®ns are unlikely to appear.”
[18, p. 268] Therefore, EAM is getting more and enanportant, but is still mostly
unexplored and rarely used, especially in contéx8ME. However, the terms EA
and EAM are used inconsistently. This is in parésult of dfferent authors focusing
on specific parts of companies. [6, cp. p. 234]



The objective of this paper is to identify the et research state of EAM, its
terminology and its applicability for SMEs. The easch approach is described in
section 2, followed by the design of the systemaiéew. Some approaches from the
selected papers are compared based on the aftitudse in SME, after the research
guestions have been answered in section 4. The page with a summary.

2 Resear ch Approach

The research approach used by this paper is a dadtdgical review of research
results. The approach aims to be transparent, esinel, and repeatable for the
audience. The purpose of this paper is to summaimewvledge on EAM, to
distinguish it from other terms of management gitoes, and finally to identify its
applicability for SMEs.

We have conducted a systematic literature reviegedaon the guidelines of
Kitchenham et al. [25] A preliminary overview haBosn a limited amount of
existing conference submissions with relevancéitotbpic. Therefore we decided to
shift our focus and cover journals and book seaies modified the search process for
literature due to limited availability and access.

The research proceeded in the following stepseamemnmended by B.Kitchenham:
1. Formulation of the research questions to defineirtigortant topics and relevant

research fields.
. Identification of literature sources covering EAM
. Selection of papers for inclusion in the analysis
. Data extraction from selected papers
. Presentation of results
. Interpretation of results
The remaining part of paper is organized by follogvihese analysis steps.
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3 Systematic Review Design

To develop the role of EAM in research and practaewell as in the context of
SMEs, a literature selection was conducted andréiselt analyzed. This section
describes the fferent steps of the systematic literature analysis.

3.1 Research Questions

The research questions (RQ) and expectations fwens addressed by this paper
are:
1. How can Enterprise Architecture Management be iflad® This question
aims to clarify the tasks of EAM. It triesitiustrate the importance of several
parts of an organization in accordance tartheagement methodology.
2. Are SMEs a target group of the EAM research? Aszdlany articles addressing
EAM directly in the context of SME?



3. What are the different research approaches? Arg tlseng literature analysis,
surveys, case studies or other kinds of researthaus?
4. What are the limitations of this research with reiga the covered literature?

3.2 Identification of Literature Sources

The initial search for appropriated literature sagritself was performed using the
internet services Citeseer and Google Scholar awteds by common ranking
evaluation. Search terms like “enterprise architext and “enterprise architecture
management”, as well as the corresponding Germamstevere used for the initial
literature identification process. Based on thdrabss and reference lists of the initial
matches the list of search terms was refined (ewtefprise models) and additional
journals as candidates for inclusion identified.

Overall we found ten journals covering the topicrendhan once; individual
articles were not considered in the latter analysisthermore, we selected journals
based on the rank and the number of potentialpveeit articles supplemented by two
book series. The first one Xpert.press, a book series following the popular journal
with the same title. The second one, cabediness Engineering, offers a whole book
on the topic. Both of them are published in German.

The ranking was approached from the perspectivelnédrmation Systems
Research and not of Business Economics. HW journal for example only got a
“D” in the business oriented JOURQUAL [39], but B"“in the "WI-Journalliste
2008" [43]. German and English sources were inadugithout specific preference.

The journals Wirtschaftsinformatik and HMD were chosen because of their
classification as popular journals of the Oldenigeverlag by the Encyclopaedia of
Information Systems Researdft! Knowledge and Information Systems was chosen
because of the SCimago Country and Journal RaBk.J8e to availability and the
iteration of search terms, both book series mfdrmation Systems Frontiers were
chosen. The journaMirtschaftsinformatik, published in both German and English, is
released six times a year. The magazine publishesvative and quality assured
research results as well as trend-setting and &ihds of interesting practical ideas
in the field of Information Systems. [4BJMD - Praxis der Wirtschaftsinformatik is
issued six times a year. The German magazine poiritsolutions for problems of IT
experts and managers, presents implementationbiidi&s and informs about news
on Information Systems Research. [20] The Englisrrjal Knowledge and
Information Systems “provides an international forum for researcherad a
professionals to share their knowledge and repsst advances on all topics related
to knowledge systems and advanced information sysste[43] Information System
Frontiers, also an English journal, is about Business InforomatSystems, its
management and systems theory and control. Isigdfour to five times a year. [38]

Business Engineering is in contrast to other selected journals and bseries not
restricted to business, but also includes artiadsthe cultural and political
implications. [36] The book seriefpert.press offers actual and qualified knowledge
to professionals of software development, inteteehnology and IT Management. It
is mainly focused on technologies and applicatiaafs modern Information
Technologies. [37]



All editorial and scientific articles of the chosspurces are subject to a profound
quality assurance including peer review. Except floe HMD, all sources are
published via SpringerLink.

3.3 Paper Selection

As period of time we used the last six years, magpdrom 2006 till 2012. The
majority of potentially relevant articles is frond@4 till 2012 and increases over the
years. We curtailed the timeframe to analyze enartjbles, while remaining up to
date. Furthermore, we used a two-pronged appraealcok for relevant papers.

Selection path A means selecting paper by matchitiy the primary keywords
like “enterprise architecture”, “enterprise archttgée management” and the
corresponding German terms within the abstracts lmodies. These papers were
directly selected. Selection path B includes alpgra with several models of
architecture and management disciplines. This é&plgerooted in the fact that EAM
includes management disciplines like IT and Businglenagement. In the second
phase papers were chosen, if they contained dttieaslifferent secondary keywords
like “architecture” and “SME” and were not alreasl§lected as part of Selection A.
The selection was reduced based on a cursory ggaflihe abstracts.

We found the majority of papers (> 300) in thdormation System Frontiers.
Nevertheless we just left five articles within oitedature selection, which cover
enterprise management disciplines and particul&WE. The search within the
Wirtschaftsinformatik journal led to the smallest number of hits (17).

As a conclusion we started with 418 papers in th& fieration of literature
sources. This was extended by 176 papers in thendeiteration (section 3.2).
Ultimately 35 papers were selected for this evadwmatOverall this constitutes 5,9%
of our starting pool of 594 papers after the sedterdtion.

4 Data Analysis

RQ1: How can Enterprise Architecture Management be classified?

Different classifications of EAM are possible. [22, gp65] introduces EA as a
management instrument, because the EA has to beopélre classic management
processes in every organization. By comparison, {2fines EAM as a discipline of
the IT Management. The majority considers EAM a bmation of diferent
management disciplines working together for angrated enterprise view.

The design and reorganization of architecturesoissalidated as Architecture
Management. Furthermore it defines roles and redpbtiss as well as the guidance
of participating employees. [10]

[3, cp. p. 189] divides Enterprise Architecturd¢oiriwo parts: the Organization
Architecture and the IT Architecture. The first ar@ntains organizational structure
and business processes. The IT Architecture iseénfled by the Information System
Architecture. Often the IT governance follows thesiness governance. [32]



EAM is divided into different layers by [12, p. JJ6®e describes four layers with
its functions: the strategy layer, the organizatayrer, the IT and Business Alignment
layer and finally the IT layer. In contrast to thike paper by [19, cp. p. 104] lists
business architecture, process architecture, atjglic architecture and IT
architecture as the aspects to manage.

It is essential to manage and arrange tlfierdint aspects. Otherwise the enterprise
will not reach the reuse of models and a homogenewchetype of matching
components. To build an EAM it is necessary to knthe layers, where an
architecture takesffects. [6] Without managing the overall contextsitdifficult for
enterprises to satisfy their customers, to extdwdr tmarket shares and to react to
society changes.” Nowadays the IT management is libekbone of many
enterprises.” [31, p. 52]

[14, p. 67 ff.] concentrates his research on the Architecturemdgament of
information systems. The management of informatigstems is divided into three
layers: the strategic one, the administrative omg the operative one. Information
Management concentrates as part of the Businesadéament with the identification
and best conversion of the IT potentials in sohgid14, 15] The orientation of EAM
is mentioned to consider the same three levelsasfagement: strategic, tactical and
operational. The strategic level is focused onahterprise future and consequently
covers a long time horizon. The tactical level iempénts the future by the creation of
concrete plans and has a medium time horizon. Hs¢ éne, the operational
management, includes the detailed planning anézegiain. [13, cp. p. 71]

RQ2: Are SMEs as a target group of the Enterprise Architecture M anagement
considered?

At first it is remarkable, that there is no papedradsing EAM directly to SME.
Most of the examples in the articles are mentidioedarge enterprises like the Credit
Suisse [18], T-Com [16] and Volkswagen [11]. EAMaisecessary factor of target-
oriented controlling and governance of medium ardd enterprises. Implementing
EAM and documenting it is a complex and expensivedeutaking. The
implementation is specific to each company and bdasetsupported by a matching
communication policy. The expense of such a projequstified even for SME,
because defining all elements of an EA is less vwaorll provides other synergy
effects. [27, 30]

According to [31, cp. p. 55] the European Commisgiefines enterprises up to
250 employees with a yearly business volume ofoupQ million Euro or a balance
sheet total of up to 43 million Euro as SME. Allhets are considered large
enterprises. The management of SME is characteazseleéss comprehensive. As a
result corporative and operative planning are fessal and often do not exist in
written form. Furthermore SME are predestined faxilility due to their flat
hierarchies, less bureaucratic structures as veetha direct inclusion of decision-
makers. To make an enterprise-wide managementijp@ske enterprise units have to
be involved in strategic decisions and several memeent disciplines have to be
differed. SME often operate in specialized marketere each product is highly
customized for this specific customer. SME are meeasitive to investment
decisions and often require more directly visiblettRn of Investment. As a
consequence many SME has heterogeneous, histgrigraiivn 1T structures. [30].



These facts lead into different conclusions, whyEskM might be challenging in
SME, apart from not having a multitude of elemeantsl a number of dependencies,
which is ment as a main reason for implementing EA8]l Nevertheless even SME
have to respond to changes forced by rough envieotsrand IT developments. [31]

Firstly, SME are not interested in EAM becauseha& tomplexity and price for
thedesign and management of EA. [41] Even the esg®eimo introduce methods,
tools, customizations and trainings might not bstifiable in SME. [12, 18]
Furthermore they are aware of temporary and coniaierestrictions influencing
their business operations. Typically, SME need ntione to compensate changes and
losses than large enterprises because of thetelinpiossibilities of evasion. [6]

Secondly, models (e.g. maturity degree model) ants thave to be reduced to core
concepts to be usable by SME. [24] Thirdly, smalleeprises have few employees
with necessary technological skills. The loss gberk knowledge is a high risk for
smaller enterprises. [8] Fourthly, the succes&AM is rarely detectable by data
because causes and effects cannot be linked asawethost effects cannot be
measured (e.g. by quantities) so easily. [6]

Despite all these challenges, there are reasonssing EAM in SME. Firstly, the
distinction of management disciplines and its niseal subjective decision. Secondly,
security, availability and performance are aimecebgry enterprise independently of
its size or industrial sector. The usage of EAM take these goals forward. [10]
Thirdly, the main reason, different applicationsdarequirements have to be
integrated in a homogenous system in general. @iberthe maintainability and
transparency of an enterprise gets lost. This gan eesult in a loss of customers. [3,
19, 26]

To summarize, the size of an enterprise does nt#rmdae whether it has a
complex structure or not. In general “all industgterprises, whose markets are
affected by a high complexity of value creation, ascaerned.” [45, p. 187]

RQ3: What research approaches are being used?

After describing the topics investigated by the grapin the field of EAM in
research question two, we sorted all papers of research into the following
categories.

1. Case study: Analysis of a specific use case meghrd to this topic. 2. Survey: It is
a research source, answering a research field,dstigning some stakeholders.

3. Theoretical work: Analysis of a research topicai methodological way, possibly
proving a solution problem, without direct applicator experiments.

The emergence of research approaches is offeck alasurveys (1). The majority
of sources are of theoretical nature (24). Adddibnsome of these theoretical works
were titled as analysis, but did not include litara reviews by definition. The second
highest amount are case studies (10). They ardymekdted to large enterprises.

RQ4: What arethe limitations of thisresearch?

The search was done using Google Scholar and €iteBased on earlier studies it
was assumed that the full-text search providedgyn§erLink and the homepage of
HMD automatically searches for both British and Aiten spelling. Derived from
the guidelines of Kitchenham et al. [25] the seamels organized as a manual search.



In difference to the guideline, the analysis is basedwmals and book series instead
of conference proceedings. Thus, we are awardhbet is a possibility missing some
relevant sources. Articles published in languagiers than English and German
were not considered for lack of understandingslour believe, that the language
selection provides a comprehensive overview. Papetsdirectly using the terms
Enterprise Architecture or Enterprise ArchitectiWanagement might have been
disregarded. The list of search terms was refinethéynitial research (section 3.2),
but this may not be exhaustive. Additional iteratiaf wordings for the search term
list might be useful.

Thus, our results apply only to national Germarrpais, highly ranked English
journals and two additional book series to get miofermation. We focused on
Information System and Business Engineering focusadazines. Individual articles
were not considered in the analysis. As a res@dtdbcision may be biased. The
classification of articles into main topics and ngeraent disciplines is not unique as
formulations in the papers are often not clear ghoThe timeframe was chosen to
balance the number of potential papers and theestmess. Choosing affiirent
timeframe #&fects both factors.

5 Comparison of selected approaches

In this section four selected approaches (sectiG) &e compared in fierent
aspects to highlight the similarities andfeliences. We want to identify a consistent
understanding of EAM and its applicability for SME.

5.1 Selection Process

We selected four approaches from the 35 literatoteces of this paper. They are
chosen because they used the terms “enterprisehitacture” and “management” in
the paper title. Two of these four papers, publishy the Information System
Frontiers, belong together. [22] introduces an@énethe paper of [13]. The special
case of architectures for extended enterpriseiseskt papers is left out.

5.2 Comparison

Table 1 compares thefférent approaches in selected categories. Celldlddbe
with numbers from “1” to “3” indicate the allocatioof papers to specific categories.
“1” means, the category is hamed directly. “2” ifag| that the category is indirectly
named, for example by circumscription. A cell marks “3” signals, that the content
is not mentioned.

The categories are derived from questions like: dNfEpproaches are compared?
What are they about? What is the intention of wg#l What is their understanding of
EAM?



Table 1. Comparison of Selected Approaches

%)

bS

Approach [6] [13, 22] [27]
Journal Business Engineering Information System HMD - Praxis der
Frontiers Wirtschaftsinformatik
Initial e Internal * Integrated view of | ¢ Complex relations of IT
research development of business and IT is landscapes
interest architectures as missing « Collection & analysis of
fundament of EA information about
supporting IT by processe
Focus of Realization of Framework for EAM Development of
approach architecture mgmt. procedures for EAM
Reasons for * Merging of businesg ¢ Changes of strategy| ¢ Introduction of EAM
EAM & IT units to change | and business goals of caused by the integrated
from business process companies have approach is difficult
oriented to enterprise} enterprise-wide
wide management consequences
« Agile, integrated and
aligned enterprises
Relation of | * Coordination of EA | « EA is a tool of * EAM has to provide
EA and with other business | organizational integrated and transparent
EAM processes to address| management and documentation for the EA
organizational blueprint to manage the included
changes Architecturing got elements and processes
more attention than
managing EA
Differentiati | Actual and target state Starting and end state -
on of model architecture
States
Usage of IT strategy & derived| Integration of IT and Integrated usage of EA
EAM initiatives have to be business
aligned with businesg
strategy
Understandi | *« Managing of EA * EA is a management ¢ Discipline of IT
ng of EAM models, regarding instrument Management
processes and gets | « EAM includes
value by different different models and
views and focuses methods
Stakeholder | « From management | « From management | e Initially IT internal
of EAM to operators and users to software engineers| stakeholders, later busines
« Specific information | ¢ Outside and within | extended
& services the company
« Specific information
Layersof * Might be derived * Various (e.g. « Strategy layer
EAM from the integrated business process
architectures layer, data
management layer,
software systems
layer)
Orientation Directly/Indirectly Directly Indirectly
of EAM
strategic 1 1 2




tactical 2 1 3
operational 2 1 3
Tool support | * EA models * EA frameworks « specific management
of EAM * Portfolio mgmt. * management tools | tools (e.g. for outsourcing)
Implementat | * Chief architect * All parts of the « Continuous positions
ion by ... « Architecture office | enterprise (first « Organizational units
business, second IT)
Recommend | « Historical grown « Large organizations| « Medium and large IT
ed for ... application landscape| * Large systems organizations
» Complex systems

The three compared approaches are publishedferefit journals. Their intention
of research in the field of EAM is caused by sevesakons. [6] and [27] underline
their approaches and topics of interest by examfles paper by [6] points out that
EAM is necessary, if the enterprise is charactdribg a complex system or a
historical grown application landscape with appglmas used in dferent
environments. The article of [27] is focused on tlevelopment of procedures for
implementing EAM. EAM is described as a disciplioel T Management; EA as a
management tool. [13, 22] concentrate on a framievimr EAM, including models,
principles and methods. [6] hames the alignmergtigitegies and derives initiatives
with the business strategy as a main goal, whiatoimected to several sub goals,
mainly caused by the complexity of enterprises,absts to control it and the risk to
lose it. Even [13, 22] state “changes in a compasifategy and business goals” [22,
p. 63] as necessary preconditions of an enterpride-alignment of measures and
actions. [6] and [13, 22] are using models to foateithe EAM. [6] directly names
actual and target states of architecture, wheteapaper of thénformation System
Frontiers indirectly mentions them in the context of the elepment of enterprises.
The third approach does not mention states f@rasedures.

The approaches agree that the stakeholder of EAdvarious in nhumber and
profession and can be inside or outside of the @mmpThe importance of the results
for target groups is fferent. [13, 22] write about threeffdirent orientations of EAM:
strategic, tactical and operational. These levalsndt have to be implemented
directly by the enterprise, but rather has to e dbre of working and acting. The
strategic level has a long time horizon (five yeassyague by nature and defines the
mission, vision and principles. Its implementatiortludes the creation of more
concrete plans in the medium-termed (1-2 yeardijcdevel. The diferent projects
are structured, fitting the EA. At the operationsthort-termed level the detailed
planning is made to turn the projects into reality.

All of the approaches include ftBrent architectures in their approach. The
architectures defined by [6] were adopted as suodss. All approaches agree that
the EAM has to be controlled and implemented byigassl persons or even
instances. The EAM can be supported by severad.tool

In summary, it is obvious that the focus of reskarcthe field of EAM various
widely. All approaches mainly focus on large entisgs as they are used in
examples, as well as indirect proofs like namingplex systems. Nevertheless we
believe that all of them can be applied to mediizee enterprises and all except for
[27] are possible to implement for small ones. [B7Apo much focused on procedures
for very complex or even extended enterprisesmiéls enterprises are structured as
organizational units, EAM could be implemented &salibed in [13, 22]. It is



understood to imply that an integrated managemsnonly helpful if complex
structures, dependencies and processes exist. E&gkchintegrate all units of an
enterprise to control and govern it as a wholecdvers several management
disciplines and can be supported by a number ofsitobhe specific tasks, a
commonly accepted definition of the term and theliegipility to SME have to be
scientifically developed.

6 Summary

The majority of research on EAM is done in the@adtwork and case studies. All
in all the discussion and usage of EAM is focusedToin practice, although there is
knowledge about the importance of processes, gtest@nd organizational aspects as
well. Reasons are the continuous attention, cess Experiences and expenses to
integrate such an EAM model. There is not much wamkimplementing EAM in
smaller enterprises, although some approaches wintBdMEs also. The connection
between just business-focused and IT-focused magalgas to be established in
consideration to the dynamic environment, forcimg &daption and changing of
enterprises. The fferent management disciplines are neither definedused in a
consistent manner. It is not clear, what the tasid members of the management of
an enterprise are. Management methods are not segptm apply to specific
company sizes, sectors or organizational unitsy Hre supposed to be adaptable to
different circumstances. For that reason companiestbawve organized to provide a
coherent, satisfying experience. To achieve thigcgsses and organizational
structures have to be aligned, covering all elemeartationships and dependencies in
every part of a company.
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