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Abstract The business capabilities of modern enterprises
crucially rely on the enterprises’ information systems and
underlying IT infrastructure. Hence, optimization of the
business-IT alignment is a key objective of Enterprise Archi-
tectureManagement (EAM). To achieve this objective, EAM
creates,maintains and analyzes amodel of the current state of
the Enterprise Architecture. This model covers different con-
cepts reflecting both the business and the IT perspective and
has to be constantly maintained in response to ongoing trans-
formations of the enterprise. In practice, EA models grow
large and are difficult to maintain, since many stakeholders
from various backgrounds have to contribute architecture-
relevant information. EAM literature and two practitioner
surveys conducted by the authors indicate that EA model
maintenance, in particular the manual documentation activ-
ities, poses one of the biggest challenges to EAM in prac-
tice. Current research approaches target the automation of
the EA documentation based on specific data sources. These
approaches, as our systematic literature review showed, do
not consider enterprise specificity of the documentation con-
text or the variability of the data sources from organization to
organization. The approach presented in this article specif-
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ically accounts for these factors and presents a situational
method for EA documentation. It builds on four process-
supported documentation techniques which can be selected,
composed andapplied to design anorganization-specificdoc-
umentation process. The techniques build on a meta-model
for EA documentation, which is implemented in an EA-
repository prototype that supports the configuration and exe-
cution of the documentation techniques.We applied our doc-
umentation method assembly process at a German insurance
company and report the findings from this case study in par-
ticular regarding practical applicability and usability of our
approach.

Keywords Enterprise Architecture · Documentation ·
Maintenance ·Model · Automation · Situational method

1 Introduction

Enterprise Architecture Management (EAM) is a manage-
ment function that targets inter alia the optimization of
business-IT alignment, IT cost savings as well as IT stan-
dardization. The common means to achieve these goals is
the creation of Enterprise Architecture (EA) models that
represent the business side of the enterprise and document
its dependencies to the supporting information systems and
the underlying IT infrastructure, as summarized by Winter
et al. [53]. These models are then used to analyze the cur-
rent state of the architecture to plan transformations toward
future optimized states [3]. EAM frameworks such as The
Open Group Architecture Framework (TOGAF) [49] or the
Zachman Framework [54] provide high-level guidance for
the execution of this management function and information
models that hold EA data. In practice, specialized EAM
tools are often used to model the architecture and visual-
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ize it in a stakeholder-specific way. Still, organizations face
numerous challenges when practicing EAM that diminish
the return on often large EAM investments. In an EA lit-
erature survey, Lucke et al. [40] present a categorization of
these EAM challenges. The main identified categories are
Management Issues, such as lack of management support
for the EA endeavor, Semantic Problems, that complicate
the communication of different domains/departments, Rep-
resentation Issues, that refer to the difficulty of creating ade-
quate views for the stakeholders, as well as the Complexity
Problem that refers to “the challenge to model and maintain
models of heterogeneous, dynamic and complex social sys-
tems.” In other words, in practice, it is difficult to maintain a
model of systems with many components and many connec-
tions that are constantly changing. The human factor adds
to the complexity by introducing manual and biased abstrac-
tions into modeling and interpretations of models. As stated
above, Lucke et al. see this as one of the key challenges in
EA practice that needs to be tackled by research.

In our research project “Living IT-LandscapeModels,”we
try to tackle the aforementioned complexity problem, i.e., we
aim at facilitating the documentation of the current, or often
called as-is, architecture. Our overall goal is to increase the
cost-benefit ratio of EA documentation which, we argue, will
lead to a higher return on investment of EAM since better
decisions can be made based on more accurate information.

Let us, for now, further detail on the complexity prob-
lem described by Lucke et al. and other authors [11]. As
described by Winter et al. [53], EA models typically contain
elements describing the business side of the organization and
how it is supported by processes, applications as well as the
IT infrastructure. Each of these so-called EA model layers
contains an abstract and often aggregated representation of
the actual architecture. These abstractions are often subjec-
tive interpretations of reality, as described in [7], such that it
is mostly not feasible to automatically generate such models
from existing data sources.

Although each architectural layer contains only a fraction
of the possible detail level, the size and interconnected nature
of the resulting model is usually still very large. Hence, in
practice, it is often hard to maintain the quality of such large
and complex models that need to be aligned with reality at
reasonable costs. In two practitioner surveys with, in sum,
123 participants, we validated the claim that the maintenance
of EA models is a relevant and major problem in the EAM
practice [19,20]. This is in line with the observations of sev-
eral other authors [36,52]. Nevertheless, EA literature from
research and practice, as well as EA frameworks give lit-
tle advice on how to maintain an EA repository at adequate
quality for the enterprise-specific, organizational, financial
and technological context as well as information demands.

Recentwork [16,18,19,35] applies automated data collec-
tion to improve the actuality of EA models. However, these

works focus only on the collection of structured data and
its integration into the repository. As outlined by Hauder
et al. [32] and validated by our empirical research in [20],
there are numerous challenges in automatically importing
structured data into an EA model (cf. Sect. 3). We argue that
the circumstance that each organization raises unique infor-
mation demands, according to Aier et al. [4], makes it nec-
essary to adapt a method for EA documentation to each indi-
vidual organization, i.e., to derive an organization-specific
EA documentation method.

Hence, our main research question is: How can EA docu-
mentation processes be devised and supported by a tool that
optimally supports the information demand and context of a
specific organization?:

Such situated approach to EA documentation that can be
tailored to the organization appears to be absent in EA liter-
ature (cf. Sect. 2.2).

In the paper at hand, we present a method for designing
organization-specific EA documentation processes. Therein
we lay specific focus on:

1. Reducing manual modeling via automation.
2. Increasing the actuality of the overall EA model by trig-

gering manual, semi-automated and automated model
updates at the right time.

3. Optimizing the quality of resulting EA models by auto-
mated as well as forced quality assurance.

Our approach consists of several configurable documen-
tation techniques, a method assembly process as well as an
accompanying meta-model to hold necessary meta-data for
the process execution.

We propose several techniques to assemble semi-
automated organization-specific EA documentation pro-
cesses. The high-level techniques are:

1. Task-based reminders for the correct persons that are
responsible for parts of the model at specific points in
time (Reminders (T0)).

2. Automated structured data collection with semi-
automated data quality assurance (Automated Collection
(T1)).

3. External events from information systems such as project
portfolio management (PPM) tools that trigger manual
tasks at the right time (External Events (T2)).

4. EA repository internal model events that trigger man-
ual tasks, such as element expiry (Internal Model Events
(T3)).

We present these techniques in detail in Sect. 4.
In this work, we applied the design science research par-

adigm according of Hevner et al. [34]. In this vein, the
paper presents three contributing artifacts. First, we propose a
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situational method for the construction of semi-automated
EA documentation processes that aims at reducing manual
work. Second, we present a meta-model that when instanti-
ated can flexibly support the organization-specific documen-
tation processes. The third artifact is the prototypical imple-
mentation of a tool that supports such situational methods.
The requirements for these artifacts were gathered from sys-
tematically reviewing related literature, two empirical stud-
ies as well as from our own experience as consultants in
the EA field. We establish rigor by basing our work on
the foundational research of situational method engineering
(SME) [31], which aims on constructing methods that can
be adapted to the organization-specific contexts. We high-
light the relevance of our work by presenting the results of
two empirical studies on EA documentation and a system-
atic literature reviewwhich both showed that EA documenta-
tion is underresearched and a pressing challenge in practice.
By highlighting our previous work in this area, we empha-
size that the work is the result of an iterative design science
search process (cf. Hevner et al. [34]). The contribution of
this paper is both constituted by the described artifacts as
well as by providing foundations for research conducted on
situational EA documentation. Finally, the artifacts are eval-
uated in multiple ways. We practically evaluate the artifacts
by showing their implementabilitywith a prototypical imple-
mentation, as well as an additional partial implementation of
the presented approach in an industry project. With the latter,
we also establish efficacy and utility of our approach. In addi-
tion, we evaluated our work theoretically by comparing its
capabilities with related literature and the EA documentation
challenges that can be identified therein.

The remainder of this paper is structured as follows. In
the next section, we first introduce our preliminary work in
this area and also analyze related work on EA documenta-
tion via a systematic literature review on EA documentation.
In Sect. 3, we present EA documentation challenges that we
identified in EA research literature to motivate our research.
The main part of this paper (Sect. 4) first briefly introduces
the reader to the concept of situational method engineering
and then discusses context factors as well as typical EA doc-
umentation roles that influence the documentation processes.
We then proceed by detailing our documentation techniques
that can be assembled to form an organization-specific doc-
umentation method. The main section is concluded by the
description of this method assembly process. In Sect. 5, we
then detail our meta-model that holds the meta-data to sup-
port the processes and is used to model organization-specific
information models. In the evaluation Sect. 6, we then first
describe our EA repository prototype that can execute the
assembled documentation processes. We continue the eval-
uation by presenting a case study which we performed at
a German insurer where we applied our method assembly
process and implemented according tooling. We conclude

the evaluation by discussing how our approach covers the
EA documentation challenges identified in Sect. 3. In the
final section, we conclude and discuss open issues of our
approach.

2 Preliminary and related work

In this section, we present the work we have already done in
the field of (semi-automated) EA documentation and analyze
related work via a systematic literature review (SLR).

2.1 Preliminary work

In our preliminary work, we have created the foundational
concepts for our situationalmethod for EAdocumentation. In
the initial phase, we focused solely on full automation of data
collection. To lay the motivational basis for our research, we
first conducted a survey on the requirements for automated
EA documentation [19]. From these requirements and a lit-
erature review, we derived semi-automated data collection
processes that ensure the mapping of structured data from
external data sources into an EA repository in adequate qual-
ity. These processes were presented in [18]. To support the
processes with concepts like identity reconciliation to iden-
tify duplicate model elements, internal model events, such as
expiry, or the distribution ofmanual tasks to the correct stake-
holders we presented a corresponding meta-model in [21]
which holds the required meta-data and provides elements to
create organization-specific information models.

However, it is clear that organizations always have differ-
ent sources of EA-relevant structured data available. This is
why we conducted another survey on structured data sources
for the purpose of automated EA documentation [20]. One
of the key findings of the survey was that, although data
about the more technical EA layers can be automatically col-
lected, in many cases relevant data will not be available in an
automated manner with current approaches, such as the ones
presented in [16,35].

This raised the question of how the actuality of EAmodels
can be kept high without the existence of automated updates.
Our approach to this is the integration of EA-relevant change
events that can be fired from information systems like project
portfolio management tools. Events such as an architecture
change project end event can be used to trigger manual mod-
eling tasks of the respective architecture, at the point in time
when the changes are implemented in the enterprise. This
approach was initially presented in [22].

The realization that all organization differ in their con-
text for EA documentation lead us to a shift in the research
question. This research question, which we presented in the
introduction, does not exclude manual data collection and
fosters situativness of the approach to documentation. The
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results of the research on that newly formulated question are
presented in this paper.

In the following, we continue by analyzing related work
in the area of EA documentation.

2.2 Related work (systematic literature review)

Although the problem of maintaining an up-to-date model of
the EA has been identified by researchers and practitioners
alike, we noticed that it is not holistically addressed in EA lit-
erature. To verify this observation, we executed a systematic
literature review with the main research question to identify
categories of related work onmanual and automated EA doc-
umentation. In addition, we laid special attention on whether
any of the identified literature includes situativeness in their
approach. In the following, we briefly describe the applied
literature review method, outline the identified categories
and contained papers. Finally, we discuss the gap between
the identified literature and the work presented in this paper
which constitutes its main contribution. More details on the
research method, such as the full list of search terms, can be
found in Appendix 8.1.

2.2.1 Review method

The review was executed between the 9th and 25th of July
2013. As a first step, Google Scholar1 was searched using
a set of search terms that included the terms “enterprise
architecture” in conjunction with relevant search terms such
as “model maintenance” or “documentation.” In addition,
we manually inspected the proceedings of relevant scientific
events such as theTrends inEnterpriseArchitectureResearch
(TEAR) workshop. Also, relevant scientific journals like the
Journal of Enterprise Architecture (JEA) were inspected. We
did not include EA frameworks in our analysis; however, we
can state with confidence that the leading frameworks such
as Zachman [54] or TOGAF [49] fall short in giving concrete
advice on how to collect EA information in practice, as stated
by Buckl et al. [14].

2.2.2 Categorization of documentation approaches
in research literature

The review resulted in a list of 28 publications targeting EA
documentation or giving recommendations on how to con-
duct it. We categorized them into eight different groups of
approaches to EA documentation where one paper can be
included in several categories. In the following, we discuss
these categories.

1 http://scholar.google.com.

Interviews and forms This most basic form of data collec-
tion is the interview of related stakeholders including the
use of predefined forms that should be filled out by the data
providers. Not surprisingly, this form of documentation is
suggested exclusively by EA books originating from prac-
tice [1,17,29,37,38]. This is the traditional form of data col-
lection for EA modeling, which seems rarely sufficient on
their own to keep EA models in adequate quality. Hence, the
publications in the following categories try to enhance this
basic practice with tooling, automation and according data
collection processes.

Wiki collaboration A more sophisticated category of EA
documentation approaches tries to leverage Web 2.0 tech-
nologies in the form of wikis to include knowledge of more
stakeholders into an EA repository [13,25,30]. Here, the
authors argue that the inclusion of many stakeholders which
do “casual” modeling increases the actuality and availabil-
ity of architectural information. In this field of research, one
can distinguish between the use of semantic wikis such as
in [25,30] and hybrid wikis that store structured and unstruc-
tured data [13].

Defined data collection processes As the next step toward
a more sophisticated approach to EA data collection, some
authors propose pre-defined processes that assign data col-
lection roles to stakeholders and include steps for automated
data collection [18,21–23,42]. However, no concepts for
organization-specific adaption of the processes are discussed
by these works.

Generic import concepts Another category of literature is
mentioning the idea of import of data. The literature stems
both from research and practice [9,18,24,25,29,37,39,47].
Some works give hints on the components of an implement-
ing tool, such as [25,39]. The majority, however, stays vague
on how to tackle technical challenges such as data mapping
or the avoidance of duplicates.

Tool-, model, semantic integration Yet another category of
publications deals with the idea of integrating other existing
tools or models [7,38,46,48,51]. Ter Doest [48], Arbab et
al. [7] and Lankhorst [38] focus on the integration of the
content of diverse modeling tools into the main repository
fostering a seamless navigation between the tools. Chen et
al. [51] as well as Schmidt et al. [46] make use of semantic
technologies, i.e., ontologies, in order to integrate models in
different data formats into a main repository.

Automation via specific data sources More detailed descrip-
tions on how to integrate data from existing data sources are
provided by some papers which concentrate on integration
issues of specific data sources [6,16,35]. Holm et al. [35] as
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Fig. 1 Ad hoc EA
documentation processes

well asAlegria et al. [6]make use of network analysis tools in
order to infer information on the IT infrastructure. Buschle
et al. [16] on the other hand interpret the configuration of
an Enterprise Service Bus (ESB) to include knowledge on
communicating information systems in the EAmodel. These
approaches have in common that they are limited to a specific
layer of the EA model and do not include methods on how
to ensure the quality of the collected data.

Change events and notifications Another class of publica-
tions recognizes the importance of receiving events from
other information systems that indicate architecture-relevant
changes [1,15,22,29,47]. Some simply mention the impor-
tance of recognizing external events [1,29,47]. Others, such
as the thesis of Buckl consider triggers for manual action in
the provided meta-model [15]. Only one paper actually dis-
cusses implementation issues of utilizing external events to
drive automated EA documentation processes [22].

Conflict resolution and quality assurance Finally, a set of
papers considers the problem of resolving conflicts and qual-
ity assurance when data are automatically collected [18,21,
23,41,42,45]. Here, again only one paper discusses imple-
mentation details for conflict resolution mechanisms [21].

To summarize the results of the above categorization, one
can say that there exist small islands of research on EA doc-
umentation which are driven by few different researchers.
Also, no work was identified that combined the topic of EA
documentation with situational method engineering.

3 Challenges in (automated) Enterprise Architecture
Documentation

As described in the introduction, the documentation of Enter-
prise Architectures often poses a challenge in practice. In this
section, we highlight the specific challenges that make EA
documentation a difficult task.

A common problem is that too fine-grained EA data are
collected. This increases the effort that needs to be applied in
order to keep the quality of the model high. Literature from
research [5], as well as practice [28] advices to start with
small information models that address a limited set of EA-
relevant questions. Once it is clear that the model size can
be handled in adequate quality, the information model can be
expanded to support deeper analysis. Also, based on the find-
ings presented in [44], the team structure plays a major role
for the success of EA documentation. Another major finding
from our study was that organizations that have defined EA
data collection processes with clearly defined responsibili-
ties have fewer difficulties with keeping their EA models up
to date. In [36], Kaisler et al. state that currently “there is
minimum tool support to track collection of entities.” While
this has certainly improved in recent years, EA tools still
do not fully satisfy the data collection needs of EA practi-
tioners [44,52]. In many cases, the EA-relevant information
is dispersed within the organizational units. It is therefore
often difficult to get hold of the right stakeholders to collect
the desired data [20].

Figure 1 visualizes the typical ad hoc documentation
processes applied in many organizations. Different stake-
holders maintain the EA model in an “on-demand” manner
or simply when they are accidentally reminded of maintain-
ing the model. The numbers indicate some of the core prob-
lems in such unstructured approaches. Number 1 shows the
problem of unclear responsibilities for the quality of certain
model elements in the repository. In many cases, model ele-
ments become orphaned after they have been initially entered
to the repository and no person is assigned responsibility
for the quality of the element. The number 2 indicates the
problem of no assigned responsibility for certain elements.
If the responsibilities are not explicated, it can quickly lead
to inconsistencies. Finally, number 3 shows that the actual
documentation is just triggered in an ad hoc manner and not
as the result of clearly defined events, such as the event of a
finished architecture change project.
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Table 1 Challenges in automated EA documentation according to Hauder et al. [32] and additional challenges discovered in [20] (italic rows)

ID Challenge description Covered by rel. work

Data challenges

DC 1 Overload of productive systems due to large volume of transactions for automated data collection

DC 2 Selection of the right productive systems as information sources for EA documentation

DC 3 Detection of changes in the real-world EA and their propagation to the EA model in the repository [6,16,22,35]

DC 4 Data quality in the productive systems not sufficient for the documentation of EA information [21]

DC 5 Often no structured data sources for model elements in the upper layers [22]

DC 6 Detecting removed elements

Transformation challenges

TC 1 Model transformation for the exchange of EA information necessary due to missing interfaces and standards [16,21,35,51]

TC 2 Ambiguous concepts imported from the productive systems in the organization require a consolidation [18,21,45]

TC 3 Administration of collected data from the productive systems is required to ensure actuality and consistency [18,21,45]

TC 4 Duplicate EA elements imported from different productive systems of the organization [21,45]

TC 5 Abstraction between the EA model and the imported information from productive systems of the organization

Business and organizational challenges

BC 1 Security vulnerability through monitoring tools in the infrastructure of the organization

BC 2 Not enough return on investment due to large initial investment efforts

BC 3 Involvement of data owners for the maintenance of imported EA information [18,21,45]

BC 4 Responsibility for data sources, model elements and quality assurance of automated changes not clear [21,45]

Tooling

T 1 Synchronization of changes in the EA model to the underlying productive systems

T 2 Collection of information not relevant or too fine grained for decision makers in the EA

T 3 Analyses have to be decoupled from the meta-model

T 4 Not enough tool support for automated EA documentation available

Hauder et al. summarize their view on the challenges in
automated EA documentation in [32]. This research is syn-
thesized from a model integration case study, a literature
review and a practitioner survey. The challenges collected in
their work are categorized into Data, Transformation, Busi-
ness and Organizational as well as Tooling challenges. Data
Challenges are concerned with the issues of the integration
of EA-relevant data sources, Transformation Challenges are
concernedwith the abstraction gap between source and target
data models, Business and Organizational Challenges dis-
cuss issues around the business value, responsibilities and
security issues of EA documentation, and finally Tooling
Challenges relate to the issues around the tool support for
(automated) documentation. We have listed the challenges
presented by Hauder et al. in Table 1. In addition to the chal-
lenges identified in their work, we have added more chal-
lenges from our own experience. These are highlighted with
a gray background.

As one can see from this table, the related work identi-
fied with the systematic literature review only covers a small
percentage of the challenges identified by Hauder et al. In
particular, mostly challenges of technical, but not organi-
zational nature have been covered. For example, so far we
could not identify any related work that tackles the prob-

lem of choosing which automated data source to choose
(DC 2).

In Sect. 6, we revisit these challenges and discuss how
the situated documentation approach presented in this paper
addresses them.

In addition to these generic challenges, each organiza-
tion has its own constraints in terms of resources, available
data sources, team structure and information demand (see
Sect. 4.2). Hence, each organization needs tailored documen-
tation processes. We present our approach to constructing
such situated processes in Sect. 4.

4 A situational method for EA documentation

A missing piece in practice and research is a situational
method that enables the assembly of various organization-
specific documentation approaches in a structured and coher-
ent way. In this section, we describe a situational method for
EA documentation. It combines and consolidates the con-
cepts and artifacts of our previous work with a structured
method assembly process and a system for maintenance
responsibility that can be tailored according to the context
of each organization.
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Fig. 2 Enhanced EA data collection process including automation techniques

The main constituents of the configurable data collection
method are the processes and tooling concepts for:

– Recurring periodic manual data collection reminders for
appropriate stakeholders.

– Semi-automated data collection from external structured
data sources.

– An eventing mechanism that receives events from exter-
nal information sources to initiate manual maintenance
processes.

– Internal model events for appropriate stakeholders, such
as model element expiry.

These main concepts are called documentation techniques in
the following.

In Fig. 1, we showed the typical problems of EA docu-
mentation processes that are characterized by ad hoc mainte-
nance and underspecified responsibilities. Figure 2 shows the
enhanced processes that can be assembled with the approach
presented in this section utilizing the documentation tech-
niques that we detail further below. Each data collection or
maintenance process is accompanied by an optional qual-
ity assurance process, clearly defined processing roles and
defined parts of the model that are the target of the mainte-
nance process.2 The result of each process execution is that,
to some degree, statements about the actuality and quality of
the model elements can be made. For example, it is possible
to analyze when a person checked a model element for its
actuality for the last time or when it was last imported from
data source. In Fig. 2, the numbers beside the process sym-
bols indicate the type of the technique. The techniques will
be further detailed in Sect. 4.4.

In the following, we first briefly introduce the reader to the
foundational concepts of situational method engineering.We

2 We call them “Model Areas”.

then list context factors that influence the decisions on when
to apply which documentation technique. The roles that are
needed to be defined for each fragment type are discussed
in the following Sect. 4.3. We then describe the details of
each method fragment in Sect. 4.4. As the final part of this
section, we introduce the method assembly process that is
used to tailor a situational documentation method for a spe-
cific organization, taking the context factors and the available
method fragments into account.

4.1 Situational method engineering

The theoretical basis for our approach is situational method
engineering (SME). Brinkkemper defines it as “the discipline
to build project-specific methods, called situational meth-
ods, from parts of the existing methods, called method frag-
ments.” [8]. Originally, the concepts of SME have been cre-
ated for assembling information system development meth-
ods [31], but have also been applied for other types of projects
in research and practice (e.g., change engineering in Health
Care [26]). As argued by Harmsen et al., the practice of SME
provides a framework for the desired attribute of controlled
flexibility of methods. The goal of controlled flexibility is to
achieve a harmonization between rigid standardized (infor-
mation system development) methods and the flexibility to
adapt to organization-specific needs, by guiding the construc-
tion of methods via best practices.

In SME literature, the atomic elements of method con-
struction are calledmethod fragments, sometimes also called
method chunks [33]. Method fragments and method chunks
have slightly different definitions but serve the same purpose
of method construction from atomic method parts [33]. In
this work, we use the term documentation technique which
results in process fragments and product fragments accord-
ing to the SME definition. Process fragments, as the name
already implies, are process definitions that can be reused
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to serve a specific purpose. These fragments have a pro-
ducing relationship with product fragments. Product frag-
ments are artifacts whose instantiation behavior is governed
by an information model that describes possible products. In
the case of this work, process fragments describe EA data
collection and maintenance processes which produce prod-
uct fragments, i.e., updated or newly created EA model ele-
ments. In our approach, the process fragments are relatively
organization independent, i.e., generic, but produce highly
organization-specific product fragments. For example, an
organization chooses the implementing the automation of
automated collection of data about network nodes via a net-
work scanner (cf. Technique 1 in Sect. 4.4.2). The elements
that are collected by the process fragment of the technique
are mapped to the Server information model element in the
organization’s information model. The latter corresponds to
the organization-specific nature of a product fragment. This
is why the actual product fragments that are created by a
process are actually not listed in the description of each tech-
nique. They are selected based on a specific situation, i.e.,
a specific information model.

4.2 Context factors of documentation

The decision for the selection of the strategies to assemble
a situated EA documentation process depends on various
organization-specific context factors. In the following,we list
and discuss these factors which we identified from research
literature.

– Information demand The most important context infor-
mation for assembling the documentation process is the
actual information demand of the EAmodel and its stake-
holders. In general, it is important to distinguish between
subjective and objective information need. The effort to
collect data should hence be only made for data that is
objectively needed as stated in [50]. In the context of
EA, as pointed out in [28], it is important that in any EA
documentation process, the collected EA data is actually
needed to make specific decisions and can be collected
and maintained with reasonable effort.

– EA team structure The documentation of the as-is archi-
tecture might be organized in a centralized fashion where
a small number of enterprise architects collect and con-
solidate data. On the other hand, federated approaches,
such as proposed in [23], or a mixture of both might be
employed. Aswe found in our survey, this setup positively
influences the documentation quality significantly [20].

– Organizational structure and culture Similar to the EA
team structure, the organizational structure is an impor-
tant context factor for EA documentation. The availabil-
ity of information from stakeholders in potentially geo-
graphically dispersed organizational units influences the

options for communication to drive documentation. Also
there might exist an organizational culture that inhibits
data sharing such as mentioned in [12].

– Available structured data sources Each individual orga-
nization is characterized by a set of information systems
that potentially contain relevant EA information that can
be reused for EA modeling. In [20], we have empirically
analyzed the existence of such sources of EA data. Also,
we studied the provided information types (i.e., on which
layer of the EA model data can be provided) as well as
the respective data quality. The type, availability and con-
tent of the data sources are an important context factor
on which to base method construction of automated data
collection.

– Available event sources In addition to automated struc-
tured data sources, organizations might have informa-
tion systems that are able to produce relevant EA change
events, as described in [20,22]. The availability as well as
the type and quality of events is another important context
factor for the method assembly.

– Management commitment and budget The introduction
of new data collection processes and the implementation
of automation techniques pose initial and ongoing costs.
Hence, the support bymanagement aswell as the available
budget needs to be taken into account when planning the
method assembly.

– Security concerns Finally, the specific data sources might
contain highly confidential data. This should be taken into
consideration when discussing the inclusion of such data
sources in any automated documentation process.

Above context factors are important decision criteria
for assembling the situational documentation method as
explained in Sect. 4.6 as are the documentation roles which
we present in the next section.

4.3 Documentation roles

As it is unreasonable to assume full automation of EA doc-
umentation, there still need to be humans involved in any
data collection and maintenance processes. In the following,
we describe the roles that are necessary for the assembly of
methods as well as their execution. For each documentation
technique, we refer back to the here-described roles that are
actually needed to execute a given technique. Individuals can
potentially be assigned multiple roles.

1. Documentation manager: This role is responsible to
oversee the overall documentation and in particular to
assign the appropriate roles to the right stakeholders. In
addition, this role needs to take action if specific tasks
have not been processed for a too long time span.
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Fig. 3 Overview of EA model
maintenance techniques and the
EA layers they apply to

2. Documentation method engineer: The EA documenta-
tion method engineer is the person who coordinates the
method assembly and oversees its execution as well as
its performance. In particular, the feedback loop from the
process execution as input for the method engineer is of
major importance to improve the processes and maintain
its quality.

3. Data/event source manager (Technical): This role is
responsible for the technical integration of the EA repos-
itory with specific remote EA data and event sources.

4. Event responsible: Users who are assigned to handle
architecture change events from external event sources,
such as project portfolio management tools, have this
role. They are in charge of interpreting the events and
applying according changes to the EAmodel or forward-
ing the task to stakeholders with the appropriate knowl-
edge.

5. Data owner:Data owners are the personswho have direct
knowledge on specific parts of the EA model. They not
necessarily are the persons who enter the data into the
EA repository, but provide the authority for parts of the
model. They can also be responsible for the data provided
by a data source. In particular, this group of users is in
charge of resolving conflicts resulting fromdata thatwere
manually entered or originate from a data source they
have been assigned responsibility for.

6. EA stakeholders: The EA Stakeholders are the group
of people who are actually using the EA data to make
decisions, e.g., regarding architectural changes. Typical
examples are the CIO, Enterprise Architects and IT man-
agers that need to stay informed about changes.

In the following, we use a RACI matrix3 to show each
role’s responsibilities for the setup and execution of each
technique. Such a matrix is commonly used to express the
responsibility assignments of stakeholders to execute specific
tasks. RACI stands forResponsible,Accountable,Consulted
and Informed.

3 http://myclass.peelschools.org/sec/12/4268/Resources/RACI_R_
Web3_1.pdf.

4.4 Techniques for model maintenance

Our SME approach acknowledges the fact that the majority
of EA model contents are not fully automatically discover-
able. Hence, different composable techniques including their
processes for collecting those parts of themodel are described
in the method.

Figure 3 shows an overview of the typical EA layers
according to Winter et al. [53] and how our documentation
techniques support the maintenance of each layer. As can
been seen in thefigure, eachof the techniques potentially only
satisfies parts of the information demand of the EA stake-
holders, and others are capable of covering the whole layer
stack. The processes of each technique are relatively similar
from organization to organization such that they only need
little adaption in the method assembly process. For example,
in some cases, quality assurance sub-processes need to be
adapted. The produced artifacts, however, are dependent on
the information model applied in the organization.

Figure 4 gives an overview of the basic components that
play a role in our situative approach. It is inspired by the
groundwork of Gutzwiller who proposed the basic constitut-
ing components of SME in [27]. On the bottom left of the
figure, one can see the concept of an EA tool. This EA tool
supports the execution of documentation techniques which
can be initiated by different triggers, such as time-based
events or others. Techniques are broken down into docu-
mentation activities which resemble process activities that
have a sequence. These can be either automated activities or
manual ones that need human intervention. In the latter case,
viewpoints make it possible for stakeholders with specific
roles to perform such manual activities. Activities lead to a
changed EA model that conforms to an organization-specific
EA information model.

The techniques and their accompanying process frag-
ments can be seen as best-practice patterns. The key guiding
principle for their selectionwas their coverage of theEA layer
stack as visualized in Fig. 3. Hence, the goal was to devise
a set of techniques that can potentially cover elements of all
layers of the stack. Theywere developed via several iterations
from different inputs, which we list in the following:
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Fig. 4 Components of a situative approach to EA documentation on the basis of the work of Gutzwiller [27]

1. Related work We based the development of the tech-
niques on several related works. For example, both Fis-
cher et al. [23], as well as Moser et al. [42] intro-
duce (semi-automated) processes for EA documenta-
tion. Other authors work toward semantic tool integra-
tion such as Chen et al. [51] or automation from specific
data sources, such as Holm et al. [35]. Each of the pro-
pose processes, however, only covers a specific aspect of
possible documentation. Also integration between these
aspects is missing. We gave a thorough discussion of the
related works in Sect. 2.2.

2. Empirical analysis Further, we executed several empiri-
cal analyses that aimed at eliciting requirements and state
of the art in EA documentation [19,20,44]. These gave us
insights about the data sources and processes that are exe-
cuted in the organizations to gather data, but also allowed
us to identify documentation problems.

3. Experience as EA consultantsAs we are working as con-
sultants in the field of EAMwe are exposed to the typical
problems in EA documentation. This experience further
aided us in developing the techniques.

Note that we do not see this set of techniques/patterns as
fixed. The list can and should be refined and extended with
additional techniques based on further input from research
and practice. This feedback loop of enhancing methods is
explicitly mentioned in the SME literature, for example by
Brinkkemper [8] who proposes a so-called method base to
store, retrieve and improve practice proven methods.

Each technique is discussed in detail in the following
section including its purpose, process, roles and the con-
text in which it makes sense to apply the technique. Also,
we describe the configuration options for each technique
to adapt it to the organizations’ context. The process frag-

ments described in the following are visualized as BPMN2.0
diagrams.4

4.4.1 T0: periodic quality assurance and data collection

The most basic and likely still most important EA model
maintenance technique is the manual collection and quality
assurance of the EA model. However, this basic technique
can still be supported by appropriate tooling. Current tools
fail in aiding this simple task. Literature from research [23]
and practice [28] suggest the usage of, so-called data deliv-
ery contracts from data owners. These contracts require that
the data owners contribute the parts of the EA-relevant data
they are responsible for, to the EA model on a regular basis.
Without tool support, however, the check for adherence to
the contracts is a difficult task with much communication
overhead.

The basic idea of this technique is to formalize and auto-
mate the process of recurring manual data delivery on the
basis of a contract. To setup this technique, a data owner
is made responsible for a certain part of the model. This
definition of a model part is achieved via, so-called, area-of-
responsibility (AoR) definitions, which are further explained
in Sect. 5. For now, it suffices to explain that AoRs allow
for grouping certain parts of an EA model based on types,
instance IDs, data origin and other constraints. An example
is the AoR of all information systems deployed in a specific
data center in Munich. After an AoR has been setup, it can

4 In BPMN2.0 cogwheels denote automated tasks, person icons denote
human tasks, hand icons denote offline tasks, three parallel lines in a task
denote multiple instances, a plus sign in a task denotes a sub-process
contained in a task, arrows starting with a diamond denote conditional
flows and arrows starting with a short crossing line denote the default
flow.
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Fig. 5 Process fragment for technique 0 consisting of a setup process and the actual execution path

Table 2 Summary of the
responsibilities for
documentation techniques
T0–T3 and the method assembly
process (R: responsible, A:
accountable, C: consult, I:
inform)

Documentation
mgr.

Method
engineer

Data/event source
mgr. (tech.)

Event
responsible

Data
owner

EA
stakeholder

T0 setup R C C

T0 periodic QA R I

T1 setup I R C

T1 data mapping setup C R R C

T1 automated data coll. R I

T2 setup R C C C

T2 event handling R C I

T3 setup R C C

T3 internal events C R I

Method assembly C R C C C C

be decided at which frequency data should be delivered by
the data owner. A supporting tool can then remind the data
owner at selected intervals and list the parts of the model that
should be checked for changes. In the following, we list the
core attributes of this model maintenance technique.

Purpose This technique can be used to cover the mainte-
nance of a complete organization-specific informationmodel
or parts of it. It resembles “traditional” data collection
processes in organizations but embeds them into a repeatable
and traceable semi-automated process structure. In addition,
periodic checks can be applied to achieve regular QA inter-
vals that help to increase the overall model quality.

Situation/context This most basic technique should be
applied independently of other context factors since it allows
for the general structured quality assurance of the complete
EAmodel. It also incurs only little setup time, i.e., the assign-
ment of responsibilities for model areas.

Process fragment Figure 5 shows the process for this tech-
nique. When a maintenance interval has passed, a mainte-
nance event is triggered which also notifies the respective
data owner. The tooling collects the model elements that are
part of the area-of-responsibility andpresents them to the data
owner in a task for checking and updating. The data owner
can either accept the task or delegate it to another user. In
the delegation case, the process starts over for the new user.
If accepted, the data owner is responsible for investigating
and applying any changes. The investigation can be the sim-
ple lookup in existing documentation or even the setup and
execution of extensive stakeholder interviews. Finally, the
process foresees an optional placeholder for quality assur-
ance sub-processes.

Roles Table 2 shows the involved roles in this documenta-
tion technique. The setup of its process is performed by the
documentation manager which consults the EA stakeholders
to elicit EA information demand and data owners that can
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Fig. 6 Process fragment for automatically collecting structured data from external data sources

potentially provide relevant data. During the process exe-
cution, only the data owners are involved. If requested, EA
stakeholders can be informed about any changes.

Configuration To configure this technique-specific model
areas need to be setup, to which roles and users are assigned.
For example, one user could bemade responsible for the qual-
ity of themodel elements that represent the physical hardware
in a specific data center. In addition, the intervals of process
execution need to be set depending on the expected change
frequency of specific model areas.

4.4.2 T1: automated structured data collection

This technique has the highest potential of reducing manual
data collection efforts. However, it might not be applica-
ble in all organizations due to unavailable data sources
or data sources providing information in inferior quality.
The basic concept is the automated collection of data from
data sources that can deliver structured EA-relevant data,
such as CMDBs, network scanners or Enterprise Service
Buses (ESBs). We present and discuss a list of potential data
source in [20]. However, as we showed in our survey [20],
the effectiveness of such an approach highly depends on
the available data sources and their associated data quality.
In our previous work, we elaborated the requirements for
such semi-automated data collection [19], sketched accord-
ing processes [18] and presented a meta-model that sup-
ports the processes with context information as discussed
in Sect. 2.

Purpose The purpose of this technique is the reuse of exter-
nal structured data sources into the EA model in order to
reduce or even eliminate the manual data collection effort
for specific model elements in the repository.

Situation/context This technique should be applied when
data sources exist or can be created with justifiable effort,
that are able to supply relevant EA data which can bemapped
to the organization-specific information model. As will be
described in the method assembly process description of
Sect. 4.6, a weighing of the effort between data source inte-
gration and continuous manual integration has to be con-
ducted in order to justify the initial setup costs.

Process fragment Figure 6 shows the process fragment for
semi-automatically integrating structured data into the EA
model. The data import can be initiated by the providing
data source (push) or by the EA tool as a periodic import
(pull). Hence, there exist two different start nodes, a periodic
import event on the EA tool side (1) and a simple start node
in the data source role lane (2). In both cases, structured data
are imported into the EA tool (3), which first checks whether
parts of the data can actually be automatically imported into
the EA model without manual intervention. For each col-
lected element, this step can be parallelized (4), as indicated
by the three vertical parallel lines in the action. If an auto-
mated mapping is possible for an element, it can be directly
written to the model (6) when no further QA sub-process is
included (8). Else, the process identifies an appropriate user
to handle the manual processing of the imported model ele-
ment (5). This manual step (7) is further decomposed into
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Fig. 7 Manual intervention process for quality assurance of automatically collected structured data

a sub-process which can be seen in Fig. 7. After this man-
ual processing, an optional QA sub-process can be added to
further validate the quality of the newly added or changed
model elements.

In the manual process of Fig. 7, the assigned user first has
the option to accept, delegate blacklist or skip the process-
ing of the collected model element (1). If the user accepts
the task, the system first has to decide if the type of the to
be created model element is non-ambiguous. If the type is
unclear, the user first has to decide which model element
type to instantiate (2). After that she can either decide to cre-
ate a new model element and then choose the properties to
keep from the input and manually add additional informa-
tion (3), or choose an existing model element to merge the
data with (4). The selection of appropriate existing elements
in step 4 can technically be aided by concepts like identity
reconciliation that we detail in [21].

Roles Table 2 shows the responsibility matrix for this docu-
mentation technique. For setting up an instance of this tech-
nique, theData Source Manager is the responsible role. This
person has to create the technical infrastructure for the inte-
gration.

However, also the data owner, i.e., the person with the
domain knowledge on the provided data, is responsible for
creating themapping between incoming data. This is denoted
by the responsibilities in the fourth line of Table 2.

For the actual semi-automated data collection process,
the respective data owners which are needed to execute the
quality assurance are responsible. After changes have been
applied, EA stakeholders can potentially be informed.

Configuration Tosetup this process, the selecteddata sources
need to provide interfaces which can be accessed by the EA
repository and read in an appropriate format. A mapping has
to be defined that transforms the external data format into the
EA repository’s format and its organization-specific infor-
mation model. Also the interval of data integration needs to

be set for each data source, and responsibles for technical
problems as well as manual intervention have to be set.

4.4.3 T2: external information system events

In [20], we showed that structured data sources, as of tech-
nique 1 can only cover parts of the organization-specific EA
models, i.e., mostly technical layers can automatically be
collected. However, in the same research, we realized that
some information systems, while not capable of providing
relevant structured EA data, are relevant sources for EA
change events. A typical example is the architecture change
project end event from a project portfolio management tool,
as encouraged in [41]. Such events can be utilized to initi-
ate EA model maintenance processes at the right time and
with additional context information to process the event as
we outlined in [22].

Purpose Utilizing external events to drive documentation
processes is useful to catch changes in the EAat the right time
that cannot be covered by structured data sources. In addi-
tion, they can help in triggering maintenance cycles when
changes occur similar to Reminders (T0). The technique fur-
ther helps to align the documentation processes with parallel
processes in the organization.

Situation/context This technique should be applied when
there exist event sources in an organization that can be used
to produce events on architecture-relevant changes. In [22]
we list possible sources and event types.

Process fragment Figure 8 shows the event handling process
that can be applied to handle EA change events from exter-
nal event sources. Once an EA change event (notification)
is received by the EA tool, the process first checks whether
the specific event instance is blacklisted. This system then
assigns an appropriate user to the task (1). The user selection
is based on the area-of-responsibility as well as the event’s
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Fig. 8 The event handling process of technique 2 in BPMN notation

context information. An assigned user can then accept, dele-
gate, blacklist or skip this task (2). When the user accepts the
task, she is presentedwith the event’s context information and
is then responsible for acquiring the necessary information
online or offline (3) in order to apply the changes to the EA
model (4). Opposed to blacklisting (5), skipping means that
the event type is not permanently blocked, but just skipped
for this one event occurrence. Also, after editing the user can
delegate the task to another user for further editing. Finally,
an optional QA sub-process can be added as well.

Roles In Table 2, we show the required roles to setup and
perform this process. For the setup, theDocumentationMan-
ager is responsible for identifying theEvent Responsibles, as
well as consulting theData Owners, which are the persons in
charge of the systems that fire events. Also EA stakeholders
should be consulted in order to find outwhich events could be
important. For the event handling itself, the assigned Event
Responsibles are in charge, data owners are consulted in spe-
cific cases andEAstakeholders are optionally informedabout
changes.

Configuration For each event source, the types of events
need to be defined and in particular which roles or users
are responsible for specific types of events. In addition, the
interval at which events are pulled from their sources or when
events are pushed to the repository from their sources needs
to be set.

4.4.4 T3: internal model events

Different EA-relevant artifacts in an organization have dif-
fering life spans as discussed by Aier et al. in [2]. In their
work, the authors elaborate on the survival time of informa-
tion systems; however, other artifacts contained in EA mod-
els also have limited life spans such as virtual or physical
hardware. Being aware of the general expiration of model
elements helps in realizing that these lifespans can be uti-
lized by an EA tool to fire model element expiry events. For
example, in an exemplary organization, it could be the case
that new information system releases are generally rolled
out in a four month cycle. This information can be used to
adjust the expiry duration of the model element type Infor-
mation System. We initially described this idea of model ele-
ment expiry in [21]. An actual expiry event should be fired
when the duration since a model element has been manually
changed or has been explicitly reviewed is longer than the
expiry duration that was set for the respective model element
type. Besides these expiry events, other event types can be
thought of such as semantic consistency checks. An example
is the check whether two information systems communicate
and one information system is already tagged as retired. In
Sect. 5, we describe the necessary meta-model concepts to
implement and trigger such checks in the form of constraints.

Purpose The technique is used to remind appropriate stake-
holders to check the actuality and general validity of spe-
cific model elements after appropriate time spans or when a
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Fig. 9 Process fragment for the integration of internal model events into the documentation process-Internal Model Events (T3)

constraint is violated. This helps to increase the overall qual-
ity and actuality of the EA model and is particularly useful
since it can potentially cover all EA layers.

Situationwhen to apply Thismethod should be appliedwhen
no event or structured data sources exists for a specific type of
model element. For example, this is often the case for upper-
layer model elements, such as high-level business processes
or strategy elements. However, the technique can be applied
for elements of all layers.

Process fragment Figure 9 shows the workflow that is exe-
cuted when a model event is fired from an EA repository.
First, the tool has to identify the appropriate data owner that
is responsible for the affected model element or model area
(1). If none can be calculated, the task of identifying the
appropriate user is escalated to the EA documentation man-
ager (2). Then the assigned data owner receives the manual
task to check the quality and actuality of the respectivemodel
elements (3). If changes are applied theymight go through an
optional quality assurance processes. If nothingwas changed,
the process terminates.

Roles To setup the internal model event process, the doc-
umentation manager coordinates the discussion with data
owners and EA stakeholders. This leads to a list of model
element types for which expiry events should be fired and
an expiry duration for each of the types. During the actual
process execution, the data owners are the key performers.
However, if no data owner can be identified for an expiry ele-
ment, the documentation manager is consulted. In addition,

EA stakeholders are potentially informed if changes have
been applied.

Configuration To configure this technique, the types of inter-
nal events need to bemodeled. As explained above, these can
be model element expiry events or constraint-based checks
that are executed in a specific interval. Hence, for expiry
events, the expiry time of each model element type needs
to be set, and for the constraint-based events, the constraint
needs to be defined. Also the responsibles for the events or
corresponding model areas need to be set.

4.5 Quality assurance sub-processes

As can be seen in the process diagrams, each of the afore-
mentioned techniques can be optionally equipped with sub-
processes for quality assurance. These are executed when
changes are applied to the model, and it is required that a
very high model quality is achieved. Moser et al. [42] give
an example for a quality assurance release process that can
be used to check and enforce organization-specific model-
ing guidelines before any changes are committed to the EA
repository. In the work of Fischer et al. [23], a more complex
process for vetoing EA model changes is described. Due to
space limitations, we do not further elaborate on these possi-
ble QA processes. Please refer to the abovementioned related
work.

4.6 Method assembly

In the previous section, we introduced four techniques that
can be assembled to make up a situated EA documentation
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Fig. 10 Organization-specific process for the selection of appropriate EA documentation techniques (on the basis of Fig 1. in [8]). All tasks except
the execution are executed by the method engineer

method. However, it is important that the use of each tech-
nique is applied to satisfy a specific information demand and
is taking respective context factors into account. A careful
construction of the documentation method in an organized
fashion allows for “controlled flexibility” of the used method
according to Harmsen [31].

Figure 10 shows the general process for the selection and
assembly of techniques to form a coherent documentation
method.5 In the first step, the documentation context of the
organization needs to be assessed. This context consists of
the organizational structure, such as EA team structure, infor-
mation providers as well as available data and event sources.
In addition, the information demand for each type of model

5 To increase the readability, we have omitted the role lanes in this fig-
ure. All tasks are performed by the method engineer except the method
execution.

element needs to be assessed as well as the correspond-
ing requirements with respect to the quality and actuality
of instances. Based on this context data, the documentation
techniques can be selected and configured to the documen-
tation needs of the organization as described in the follow-
ing section. Consecutively, process fragments are adapted
to these needs, roles are assigned and data as well as event
sources are setup or configured. While the documentation
process is running, its performance, i.e., the quality of the
EA model in relation to the effort of maintaining this qual-
ity, is continuously checked. This information is then used to
redesign the documentation method if needed.

4.6.1 Method ranking and selection

The aim of the method assembly process is to produce a set
of documents that can be used to facilitate the decisions on
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Fig. 11 Production steps of documents/spreadsheets for the method assembly

which data and event sources to integrate and which other
documentation techniques to apply. In the following, we
describe this sequence of analysis steps that are applied to
create the necessarydocuments. Figure11 exemplarily shows
documents that need be created and the steps to be executed
to support the selection and ranking. As pointed out in the
evaluation section (cf. Sect. 6), we successfully applied this
ranking method in practice.

1. Preconditions First the preconditions need to be met in
order to evaluate whether the situated approach for EA
documentation is applicable. The preconditions are in
particular the existence of an EA information model that
only covers the actual information demand of EA stake-
holders and the availability of an appropriate EA tool
that can guide the documentation processes. Also the
tool needs to be able to define appropriate data collec-
tion roles.

2. Step 1: Listing of information model quality require-
ments In this step, the EA responsibles, and in partic-
ular, the EA stakeholders assess the quality requirements
for each model element type, i.e., potential product frag-
ments, in the EA information model. This, for example,
results in a spreadsheet that can be seen in Step 1 of
Fig. 11. It includes the requirements for actuality (i.e.,
after what time does the validity of an instance expire,
see Sect. 4.4.4), as well as the requirements for complete-
ness of documentation of all elements of this type.

3. Steps 2 and 3: Listing of data and event sources Next,
lists of data providers (data owners) and event- as well

as structured data sources need to be created. This list
should contain:

– Type of the provided data from data owner or
data/event source.

– The quality of the provided data with respect to actu-
ality, correctness and completeness.

– Granularity of provided data with respect to the
abstraction gap of the data to the abstraction level of
corresponding model element types of the
organization-specific EA information model.

– Constraints regarding security and privacy issues on
the supplied data.

– Information about possible runtime performance
degradation of data sources.

4. Step 4: Merge in documentation techniques In the next
step, the items of the previously compiled lists of infor-
mation suppliers and sources are integrated with possible
techniques to gather information from them. For exam-
ple, T0 for manual collection from data owners, T1 for
structured data sources etc.. For each EA model element
type, the document contains the information which data
owners can potentially provide the data,which automated
source can potentially supply structured data on instances
of the type (product fragments) and which event sources
potentially provide change events for this type. Also the
cost for the implementation is approximated in this list.

5. Step 5: Final ranking and decision The previously
merged list then needs to be ranked. The general approach
should be to choose automated sources formodel element

123



414 M. Farwick et al.

types of high importance, low implementation cost and
low security risk where the completeness is additionally
high. In cases where the level of abstraction of a data
source is very low, it might be advisable not to use the
specific data source, since the effort of manually rais-
ing the level of abstraction might outweigh the benefits
of automation. Of course in each method instantiation,
several different instantiations of each technique can be
applied. For example, if several automated data sources
are included, several specifically configured process of
T1 need to be deployed.
We refrain here from giving a concrete ranking formula
since we consider the ranking decisions as specific to an
organization and a creative process.

4.6.2 Final method assembly

Once it is decided which techniques to apply and which
data and event sources should be used, the overall method
needs to be assembled in the form of executable processes.
This entails the deployment of the processes of each applied
technique in a tool such as the process-based EA-repository
prototype we describe in the evaluation section below (cf.
Sect. 6). For each technique, the executing roles need to be
assigned according to the role descriptions presented above.
In addition, the processes need to be adapted according to
the configuration options that we listed with each technique.
For example, for the automated integration of structured data
according to Automated Collection (T1) one needs to set up
themapping of the data structure from the source to the repos-
itory format and semantics as well as the interval in which
updates are checked.

Note that the process fragments are not weaved together
to form one large process, but are deployed separately. How-
ever, they can trigger each other’s execution, e.g., via model
change events (cf. Change Triggers in Sect. 5).

4.6.3 Method assembly roles

Table 2 shows the RACI matrix for the documentation
method assembly process in the last line. The method engi-
neer is responsible for coordinating and collecting the context
information as well as assessing the information demands of
each stakeholder. This is achievedby consulting all other doc-
umentation stakeholder roles in the organization. Themethod
engineer, in essence, brings together all EAM interest groups
and negotiates the importance of each information demand
in relation to the effort of collecting the data in an auto-
mated fashion. Finally, the method engineer also oversees
the final configuration of the techniques once they have been
selected.

In this section, we have introduced four configurable tech-
niques for semi-automated EA documentation. Since these

techniques need an information model to be applied to, as
well as extensive meta-data to be executed, we present a sup-
porting meta-model in the following section.

5 Supporting meta-model

As noted by Buckl et al. [14], the practice of EAMconsists of
the dichotomybetween themethod of EAMexecution aswell
as the language to describe the EA. In the previous section,
we introduced an approach to create the documentation part
of the EAM function to elicit the as-is EA model. In order to
provide the basis for tool support that can create and main-
tain the language part of the EAM function, we developed a
meta-model that we initially presented in [21]. It allows to
define organization-specific EA informationmodels, respon-
sibilities, event and data sources,model element identity con-
ditions, blacklists as well as model element expiry intervals.
The possibility to access meta-data constitutes the context
information that drives the manual, semi-automated or auto-
mated data collection process in practice. Some of the ques-
tions an instance of the meta-model (i.e., the organization-
specific information model) is able to answer are:

1. What is the information demand of the organization?
2. When does the EAmodel have to be updated from a data

source?
3. Where does integrated data originate from (manual entry

or automated update)?
4. Which part of the EA model should be updated?
5. How is the quality of the resulting EA model governed,

e.g., how are duplicate data entries avoided?
6. Who is responsible for a specific manual tasks?

Figure 12 shows themeta-model. It conforms to theobject-
oriented meta-modeling conventions of the MOF [43] and
can be divided into five parts. One part that provides the
means for information model design (middle-left), a part
for processmanagement and responsibility assignment (top),
two parts for external and internal events (center and middle-
right) and a part for model element identification (bottom).

In practice, i.e., with an implementing EA tool, different
parts of the meta-model would be instantiated with different
means and at different times. For example, the information
model could be modeled with a graphical notation provided
by the tool that follows a similar syntax as UML class dia-
grams.Thiswould typically bedone at the initializationphase
of the EA project or when the information model needs to be
adapted. The assignment of roles to tasks, on the other hand,
can bemore efficiently done in a form-basedmanner in a tool
and is also a purely runtime activity. The same applies, for
example, for the definition of events or identity conditions in
a tool.
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Fig. 12 The meta-model to create organization-specific information models and to hold meta-data that drives the data collection processes

In the following, we describe the different parts of the
meta-model in detail.

5.1 Information model design mechanism (meta-modeling)

The informationmodel designmechanismof themeta-model
resembles the mechanism of the MOF specification (middle-
left). The mechanism allows for the design of organization-
specific informationmodels6 that canbe realizedby instances
corresponding to the information demand of an organization.

The main concept fromwhich elements of this part inherit
is Meta-Element. The inheriting elements are Class, Refer-
ence and Property. As is typical for meta-modeling mecha-
nisms, a class can have zero ormore properties and references
to other classes. Additionally, each instance of a class, i.e.,

6 Information models are organization-specific meta-models according
to the terminology used in [10].

an information model element type, has a name and unique
id. Instances of the types are realized by the Object model
elements via the instanceOf relationship. An implementing
tool would, for example, enable the instantiation of an infor-
mation model via a tree-based editor or as mentioned above
in a graphical manner.

5.2 Process management and responsibility

The top part of the meta-model is responsible for modeling
the instantiation of the documentation techniques presented
in Sect. 4. On the right side, one can see the concept of a
DocumentationProcess that consists of Tasks. A task covers
the processing of an AreaOfResponsiblity. Such an area is
a specialization of the abstract concept ModelArea which is
used to group model elements. The processing of the model
elements contained in an AreaOfResponsiblity in the realm
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of a Task is done via a Viewpoint realization. Such a view-
point is a specialized view in an EA tool to handle model
changes. This could, for example, be a view that is spe-
cialized for processing external change events. Actors are
responsible for executing the tasks that are attached to a spe-
cific AreaOfResponsiblity. These actors can be defined via a
direct User assignment or Role assignments. Actors are also
connected to the subclass ofModelArea called AreaOfInter-
est. These specialized model element collections are used
to inform registered actors upon changes on the contained
model elements.

An implementing tool would likely allow the modeling of
the processes and according role assignment via the selection
of pre-built processes with specific configuration points such
as optional quality gates. The pre-defined viewpoints could
then just be selected for manual tasks.

5.3 External events

External events (center) are fired from DataSources. These
have a unique id, a responsible actor as well as a list of
external ids that serves as a blacklist for unwanted events.
A data source holds instances of specific model elements.
Such instances of the same type can be delivered from dif-
ferent data sources. A data source can raise external events
of three different types, Insert, Update and Notify.

Inserts are events that indicate a newly detected model
element for which it is unclear whether it maps to any exist-
ing model element in the repository. Methods for identity
reconciliation and information fusion can help to identify
and merge Inserts into corresponding existing elements. We
further discuss these methods in Sect. 5.5.

Updates on the other hand are external events where it
is known which model elements they concern. Updates and
Inserts are the main meta-model elements to support Auto-
mated Collection (T1).

Notify events are triggered from information systems that
cannot deliver structured data on specificmodel elements, but
can notify adequate stakeholders when changes happen. The
typical example here is the “architecture project end event”
that is fired from a project portfolio management tool when
a project has reached its deadline. These events can contain
context information in the form of key value pairs that can be
used by the corresponding viewpoint to display some context
information about the event.

All three external event types are related toObjectswhich
have a last modification date property. This property can be
used for calculating the expiry date of model elements in
combination with the expiry duration of its corresponding
class as explained in the next section.

In an implementing tool, the events would be typically
configured when setting up the configuration for the data
sources. For example, one would set which data sources

potentially provide which types of model elements and who
is responsible for processing such events.

5.4 Internal events

Internal events (middle-right) are raised by the implementing
EA tool itself and contain a set of affected model elements as
a ModelArea. ConstraintViolationEvents are used to trigger
manual quality assurance processes when certain constraints
of the overall EA model are violated. For example, an infor-
mation system still has a property stating that it is running in
production mode; however, its planned retirement date has
already passed. Such an event can then request a responsible
actor to check this constraint violation and apply necessary
changes to the model. As already discussed, expiry events
remind actors to check the quality of specificmodel elements
if the element was not changed or explicitly checked for a
certain amount of time (Internal Model Events (T3)). Timer
Events, on the other hand, are events that are fired in regular
intervals in order to realizeReminders (T0) by triggering reg-
ular maintenance processes. ChangeEvents are fired, as the
name implies, when changes to model elements occur. These
events can then be used by an implementing tool to notify
interested actors upon changes to specific model elements.

The configuration of such internal events in an implement-
ing tool would typically be done in a configuration interface
where the timers and the responsible stakeholders are set. In
the current version of the tool complex constraint, events are
not supported; however, technically, there seems to be only
little limitation in using a query language for expressing such
constraints that are executed on a regular basis.

5.5 Model element identity management

In order to avoid duplicate model elements originating from
different data sources as well as manual entry, the meta-
model provides mechanisms for identity reconciliation and
data fusion (bottom). The first mechanism is responsible for
detecting duplicates, and the second is responsible for merg-
ing duplicate elements. These mechanisms are important to
reduce the chances of duplicate data that could specifically be
introduced when Automated Collection (T1) is applied. The
elements on the left side of Fig. 12 represent the meta-model
elements that support these mechanisms.

An IdentityCondition can be attached to classes in order
to set the condition that approximates whether two model
elements actually refer to the same physical thing. An Identi-
tyCondition consists of severalConjunctionRules that in turn
consist of ComparisonRules. A comparison rule always tar-
gets an IdentifyingProperty, which is a subclass of a normal
property. It simply indicates that this property can be used to
apply comparison rules to it. A comparison rule can either be
an IdentityRule or a SimilarityRule. The former is an over-
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riding rule that, if it evaluates to true, indicates the identity
of two model elements. Such a rule can be used to identify
two model elements as the same physical entity when their
IDs and their names are equal.

A SimilarityRule is used when no identity rule holds. It
can be used to compare the properties of model elements
and their string similarity. These can then calculate a simi-
larity score as the basis for a human decision on merging two
model elements. This form of merging is also often called
information fusion. We explain these concepts in more detail
in [21].

An implementing tool would allow the modeling of this
part of themeta-model via configuration forms for each infor-
mation model element type.

So far we have introduced our situational method for EA
documentation and a supportingmeta-model. In practice, this
meta-model will not be instantiated with one single tool.
Rather, several tools or views within one tool are used to
compose a “virtual” instance that is a composition of process
models, the created information model, as well as trigger and
identity management configurations. These separate parts
reference each other in an implementation. For example, a
trigger configuration in an implementing tool, just knows the
ID of the process to initiate when the trigger is fired. Hence,
there is a loose coupling between the different parts of the
overall model.

We continuewith evaluating our approach both practically
by introducing our prototypical tool implementation and its
application in practice, as well theoretically by comparing
our approach to the challenges identified in Sect. 3.

6 Evaluation and related work

In this section, we evaluate the presented techniques as well
as the method assembly process from multiple perspectives.
First we compare the approach with the documentation chal-
lenges identified in Sect. 3. Thereby we establish relevance
and utility of our work. We then demonstrate the viabil-
ity of the proposed concepts by presenting our prototypi-
cal EA repository implementation that enables the flexible
deployment and execution of the configured EA documen-
tation processes. This shows the implementability of our
work. We then present a case study we executed at a Ger-
man insurance provider where we applied our method for
the construction of an organization-specific documentation
processes. This shows thepurposefulnessof our approach in a
practical example.

6.1 Prototypical tool implementation

To show the full implementability of the methods created
with our situational approach, we developed a web-based

EA-repository prototype. It is based on a workflow engine
that is used to deploy organization-specific data collection
processes with manual as well as automated tasks. The semi-
automated processes consist of manual tasks via task forms
and automated data collection as well as quality assurance
services. Process definitions can be added or updated at run-
time to add new data collection functionality or change exist-
ing process parts according to the method adaption step that
is part of the assembly process (cf. Sect. 4.6).

To show its capabilities,wefirst outline themost important
features of the tool and then briefly discuss implementation
details.7

– Customizable information model As mentioned in Sect.
4.2, each organization has its specific information demand
that is reflected by the underlying organization-specific
information model. The tool can work on arbitrary infor-
mation models enriched with relevant information for the
data collection process as described in Sect. 5.

– Customizable data collection processes A core feature is
the ability to adapt the processes that schedule the time
when data are collected, determine who does the manual
processing and state what data sources are tapped. This
is realized by processes that can be deployed on a BPMN
engine.

– Plugin architecture for collection of structured data In
order to integrate structured data sources such as a net-
work scanner, the tool provides a plugin and mapping
mechanism. It allows adding new data sources via sep-
arately implemented connectors. With the data mapping
mechanism, one can define mappings from the original
data source’s data format to the repository’s internal data
representation. Figure 13 shows a screenshot of the data
mapper. The two columns in the center can be used to
specify the data mapping from the source data format on
the left, to the repository internal information model on
the right via drag-and-drop. In the top right, one can see
the notification area, where users are notified on assigned
and unassigned tasks, as well as currently running data
collection processes.

– Event interface Further the tool provides a REST interface
that can receive arbitrary events with context information
to trigger architecture change event processes according
to Internal Model Events (T3).

– Triggered process execution Different triggers can start
process instances at desired points in time. These can be
simple timers and repeated queries of quality attributes
such as element expiry. They can also be based on
external events or change triggers. Currently, the check-

7 Note that the implementation focus of the prototype is laid on data
collection mechanisms and does not include EA visualization capabil-
ities.
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Fig. 13 Screenshot of the data import mapping of the tool, with the source data format on the left and the organization-specific information model
format on the right

ing of complex constraints for internal events is not
supported.

– Blacklisting of events and model elements Data sources
and event sources may repeatedly produce model ele-
ments or notification events that are not relevant for the
EA. The tool provides a mechanism for blacklisting of
such elements. The blacklisting behavior can be edited
for each data/event source. This feature is important to
reduce the manual effort of filtering unwanted data.

– Model quality assurance Mechanisms Several quality
assurance mechanisms are implemented to assure the
overall quality of the EAmodel. For example, the identity
reconciliation mechanism [21] is used to identify dupli-
cates of model elements coming from automated data
sources. If automated identification is not possible, the
tool calculates similarity scores to assist manual inspec-
tion. A data fusion mechanism is implemented to com-
bine new external data with existing model elements in
the repository.

– User management and task assignment The tool allows
to manage users and their roles in a fine-grained manner.

This is an important feature in order to assign manual data
processing tasks to the appropriate stakeholders who have
the best knowledge to fulfill a specific task based on their
areas of responsibility.

The EA repository is realized as a Java-based Rich Inter-
net Application (RIA). As amodern web-application, its user
interface is characterized by a high usability and instant feed-
back. For example, if a new architecture change notification
reaches the system, the appropriate user is selected and he or
she will receive an immediately visible notification message
if logged in.

The application is implemented using Java and the Spring
framework8 to realize its business logic. Its presentation layer
is built with theweb-frameworkVaadin9 which allows devel-
oping web-based applications completely in Java in a similar
style to the development of desktop applications. Any J2EE
servlet container which supports the J2EE specification 2.5

8 http://www.springsource.org.
9 http://www.vaadin.org.

123

http://www.springsource.org
http://www.vaadin.org


Semi-automated Enterprise Architecture Documentation 419

and higher can be used to host the application. The informa-
tion modeling mechanisms are realized with the semantic-
web technology RDF/OWL,10 its persistence layers is imple-
mented with the RDF repository Jena.11 For the deployment
of processes and taskmanagementweused theBPMNengine
Activiti.12

With the implementation of the prototype, we showed
the general implementability of our approach with current
tools. In the next section, we present a case study where
experience from the prototypical implementation was used
for implementation and our method assembly process was
successfully executed.

6.2 Case study

In this section, we outline the application of our situa-
tional approach to EA documentation at a German insurance
provider to underline its practical relevance. It was executed
as part of themaster thesis project of a student with our super-
vision where we also frequently attended the meetings and
guided the work. The goal was to elicit automation potential
for keeping the EA repository of the organization up to date
and to implement according tools and processes.

Context TheEAendeavor of the company has top-levelman-
agement support, where even the automation project was
directly supported by the CIO. The documentation is mainly
executed by one chief enterprise architect; however, it is tar-
geted to federate the documentation more to the information
providers in the course of the project. By attending archi-
tecture meetings of various departments and projects, the
architect acts as an integrator with overarching architecture
knowledge. An EA tool was already in place that supports
the import of data via a programmatic interface. The tool,
however, lacks the appropriate means to assure the quality of
imported data before it is added to the repository as well as
means to coordinate the right stakeholders for a given task.

Course of action In initial meetings with the chief enterprise
architect, we analyzed the actual EA information demand of
the company. This was based on the analysis of the applied
EA information model and a discussion on which parts of
the model change frequently. The analysis of the informa-
tion model was relatively simple because the company made
use of the EA tool iteraplan13 which consists of a small and
static information model. Also, we analyzed for which types
of elements actuality ismost important. As a result, a descrip-
tion of the quality requirements for information systemmodel

10 http://www.w3.org/RDF.
11 http://jena.apache.org.
12 http://activiti.org.
13 http://www.iteraplan.de.

elements and standardized technical componentswas created
as outlined in Sect. 4.6.

Based on this document, appropriate stakeholders in dif-
ferent organizational unitswere interviewed that have knowl-
edge on potential data sources that can provide change events
or structured data. The interviews resulted in a list of poten-
tial data sources. Initially, it consisted of a CMDB, a network
scanner, regularly updated Excel sheets, a project portfolio
management tool, an enterprise service bus (ESB) and server
configuration files. All were accounted for in a spreadsheet
according to the method assembly process we described in
Sect. 4.6. These spreadsheets included their respective pro-
vided data, expected data quality and options for automation.
Subsequently, a comparison of the information demand and
the available data sources lead to the selection of the CMDB
as a source for technical components and information sys-
tems, theESBalso as a source for information systems and the
server configuration as another source for information sys-
tem elements.14 These were the selected product fragments
for the applied techniques.

Since the organization already used an existing EA tool, it
would have been difficult to implement Reminders (T0) and
Internal Model Events (T3) in the tool. Hence, it was decided
to implement a process-based data accumulation and pre-
processing tool on the basis of the prototype presented in the
previous section. The tool provides a tree-based editor for
modeling information model elements and allows assigning
responsibility to model element types. Also for each data
source, time triggers can be specified when the respective
process fragment should be executed.

Several specifically configured instances of the process
fragments of Automated Collection (T1) were deployed as
BPMN processes for the different data sources. The final
processes resemble the process descriptions that can be seen
in the Figs. 6 and 7 with the following adaptions:

1. Periodic imports are triggered by time triggers that can
be configured for each data source in the web-interface
(Step (1) in Fig. 6).

2. In the QA placeholder step (8), manual inspection by the
EA manager was added. Here, this role can also decide
to push the collected data to other information systems
that might be interested in the newly collected data.

3. In the last step, data are pushed to the existing EA tool
iteraplan.

Figure 14 shows the simplified architecture and data flow
of the implemented EA data accumulation tool. Several data
mapper implementations pull data from the above described
data sources and transform them into the organization-

14 The server configuration file contains the names and routing infor-
mation of the main web-based information systems of the organization.
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Fig. 14 EA data accumulation tool implemented in case study

specific information model format. In the following manual
steps, data owners can enhance and blacklist the imported
data. In a final step, the chief enterprise architect has to check
the data before it is further pushed to the previously existing
EA tool iteraplan.

In the current tool, the integration of events according to
ExternalEvents (T2) from thePPMtoolwas not implemented
in this first phase of the project.

As the manual processing and enriched data is only done
by a small group of architects including the chief enterprise
architect, no additional quality assurance sub-processes, such
as a veto mechanism, were implemented. However, a special
emphasis was laid on the black listing mechanism, since the
CMDB includes many elements that are not of interest at the
EA abstraction level. Another important aspect of the tool
was the ability to let users decide what type of model element
to instantiate from a given input element. This is important
because it is often difficult to automatically detect whether
an incoming element is actually a technical component or
an information system. At the time of writing, the tool is
introduced in the organization.

Discussion Our experience from this case showed that our
approach covers the important questions to be asked, when
automation of EA documentation is desired. Our method
assembly process can lead the way to elicit the actual infor-
mation demand, available data sources, which data sources
should be tapped and finally which techniques should be
applied. It also shows that by using a data accumulator and
preprocessor, existing EA tools can be enhancedwith sophis-
ticated automation techniques. However, since the processes
are not running for a long enough time period, we cannot yet
make any claims about the actual performance of the imple-
mented data collection processes.

6.3 Evaluation against EA challenges

In Table 1 of Sect. 3, we listed a set of challenges for automa-
tion from literature [32] and from our own experience. In the
following, we discuss if and how our approach addresses

these challenges in order to evaluate the appropriateness of
our solution for the context of EA documentation and its
automation. We marked these challenges with the attributes
ADDRESSED, PARTLY ADDRESSED, NOT ADDRESSED
and NOT RELEVANT according to how well we deem our
approach to tackle the specific challenge.

6.3.1 Data challenges

DC 1 (ADDRESSED) is concerned with the overload of the
data providing information systems (data sources) due to
automation. We explicitly consider this problem in the data
source selection process in Sect. 4.6. However, we also argue
that performance degradation of data sources due to data
export will only be a problem in very rare cases.

DC 2 (ADDRESSED) considers the problem of select-
ing the right data sources for automation. With our assem-
bly method and data source selection process discussed in
Sect. 4.6, we have addressed this issue. We also successfully
applied our data source selection approach in a real-world
case, as explained in Sect. 6.2.

DC 3 (ADDRESSED) acknowledges the problem of
detecting changes in the EA and propagating these to the EA
model. To cope with this challenge, our approach uses mul-
tiple automated and semi-automated means. These are the
polling of structured data sources, the production of events
from event sources, as well as regular reminders for manual
check and reminders based on model element expiry.

DC4 (ADDRESSED) deals with the bad data quality at the
providing data sources. We approach this problem from two
angles. First with our data source selection method, we avoid
integrating sources that do not provide data in appropriate
quality and second we cope with sources providing some
data of bad quality with the blacklisting that helps to avoid
noise and manual quality assurance steps.

DC 5 (ADDRESSED) identifies the challenge of nonexis-
tent automated structured data sources for model elements in
the upper EA layers. We cope with this challenge by not only
including structured data sources as a documentation tech-
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nique but also event sources. In addition, the different triggers
for manual collection, such as expiry events and timer-based
events, can help to keep these layers up to date by regularly
triggering manual checks.

DC 6 (PARTLY ADDRESSED) mentions that detecting
removed elements in theEA is a challenge.Wedo not directly
cover this challenge, however, with triggered manual docu-
mentation processes such changes in the EA can be covered
to some extent. Also, external events can be utilized to make
EA modelers aware of removed architectural elements.

6.3.2 Transformation challenges

TC 1 (ADDRESSED) states the challenge of the necessary
transformation between source and target data models. In
our prototypical implementation, we created an intuitive user
interface for creating data mapping configurations between
data coming from external data sources to the internal data
format.

TC 2 (ADDRESSED) mentions the challenge of ambigu-
ous concepts imported from a source where it is not clear to
which type the data will be mapped in the EA model. We
cope with this challenge by including an activity that lets a
user manually select the appropriate type during the import
process of Automated Collection (T1).

TC 3 (ADDRESSED) requires a meta-model that includes
context information to support data collection processes. We
have introduced such a meta-model in Sect. 5.

TC 4 (ADDRESSED) identifies the challenge of dupli-
catedmodel elements in the repository due to automated data
collection.We tackled this challenge by including an identity
reconciliation mechanism, both in our meta-model, as well
as in the implemented prototype.

TC 5 (PARTLY ADDRESSED) recognizes the problem of
a too fine-grained level of abstraction of data that can be
provided by structured data sources. In Sect. 4.6, we men-
tioned that in cases of a very low level of abstraction, it might
not be advisable to make use of the source. The reason is
that the effort of manually raising the granularity level of
the imported data might outweigh the benefits of automa-
tion. The automated raise of the abstraction remains an open
research question as we discuss in Sect. 7.

6.3.3 Business challenges

BC1 (PARTLYADDRESSED) identifies the problemof secu-
rity vulnerabilities when importing data from sources such as
network scanners. We argue in the method assembly section
that security concerns should be taken in to account when
choosing EA data sources. Hence, we approach this chal-
lenge by explicitly recognizing the problem in the method
assembly process.

BC 2 (ADDRESSED) is concerned with the problem of
little return on investment for automation. We approach this
in the method assembly process by explicitly including the
cost of automation and comparing it to the model coverage
and change frequency of that automation. This way costs
and benefits are explicitly taken into consideration before an
investment is made.

BC 3 (ADDRESSED) identifies the challenge of includ-
ing data owners in the documentation processes since they
have the best knowledge on the data they are responsible
for. We tackle this challenge via the area-of-responsibility
assignment explained in Sect. 5. Via this feature, tasks can
be assigned to the stakeholders that are responsible for spe-
cific types of model elements or parts of the model, in order
to apply changes or check the quality of a model part.

BC 4 (ADDRESSED) identifies the need for assigning
responsibility for the handling of data sources and accompa-
nying quality assurance processes. As with BC3, we handle
this by allowing modeling these relationships as explained in
Sect. 5.

6.3.4 Tooling challenges

T 1 (NOT RELEVANT) discusses the challenge of pushing
changes in the EA tool to the attached data sources.We argue
that, in most cases, this should not be a goal, since the pro-
viding data sources should be the master data providers for
their respective information. Hence, we do not approach this
challenge listed by Hauder et al. [32].

T 2 (ADDRESSED)mentions the problem when informa-
tion provided by data sources is too fine grained or simply
not relevant. Again, as with DC2 and TC5, we tackle this
challenge by introducing a data source selection process that
explicitly recognizes this problem and helps to identify rele-
vant sources.

T 3 (NOT ADDRESSED) discusses the challenge that EA
model analysis mechanisms have to be able to cope with
a changing EA information model. Since EA information
model changes are currently an open research area,we did not
consider this challenge of automatically adopting analysis
rules, such as event triggers, according to these changes.

T 4 (ADDRESSED) asserts the general challenge of miss-
ing tool support for automating EA documentation. With the
meta-model discussed in Sect. 5 and the EA repository pro-
totype presented in the preceding section we showed how
automation can be approached holistically.

As can be seen from the discussion of the challenges for
automated EA documentation listed in Table 1, the majority
of the challenges were tackled. In particular, our approach
handles the selection procedure of appropriate data sources
and thereby covers many of the described challenges. We
did not cover the tool challenge T3 which is concerned
with changing EA information models. Also, the data chal-
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lenge DC 6 is only partly covered since automated update of
removed model elements still can only be partly achieved via
events and task-based reminders. Finally, we consider T1 as
not directly relevant for EA documentation because we argue
that the data sources should still be the master data sources
for their respective information.

We conclude that the paper at hand constitutes one of
few approaches that aim to consolidate different efforts to
enhance EA documentation via processes and automation.
However, it also goes beyond existingwork by including a sit-
uational approach and corresponding documentation process
assembly methods. The required functionality for the com-
plete approach can be implemented with current technology,
as we showed with the prototype. This usability and per-
formance of the prototype, however, has not been evaluated
under realistic conditions. Nevertheless, experiences drawn
from the prototype were used to implement the EA tool that
was implemented for the case study which proofed its util-
ity in practice. The presented method assembly process was
also successfully applied in practice to elicit the context and
requirements for EA documentation in an organization. Its
applicability in aiding the development of an organization-
specific documentation process was shown.

However, there are several threats to the validity of the
work presented in this paper. First, it has to be stated that we
did not yet fully evaluate all parts of our approach in the case
study in practice. For example, events have not been utilized
in the tool that was implemented. In addition, we executed
the method assembly process only in one organization where
it showed to be useful. More practical evaluations need to
be executed to underline the utility of our work. Also the
actual difference our method assembly process made is hard
to measure, because there was no prior method in place to
compare it to.

Nevertheless, the systematic literature review showed, to
the best of our knowledge, our approach covers more chal-
lenges than current related work.

7 Conclusion and future work

EA documentation is a labor-intensive, yet crucial process
for EA management. Current practical implementations of
this process are usually ad hoc and fail to account for already
established documentation processes and responsibilities for
related management activities. Our literature review further
showed that academic approaches to systematically design
organization-specific documentation processes are scarce
or limited to automated EA documentation (see Hauder
et al. [32]).

In the introduction of this paper, we posed the research
question: How can EA documentation processes be devised
and supported by a tool that optimally supports the infor-

mation demand and context of a specific organization?. We
have presented composable techniques, a tool and a method
assembly process to answer this question.

The approach presented here does not solely focus on
automation, but also accounts for manual activities and inter-
ventions where necessary. The four different model mainte-
nance techniques that constitute the core of our approach are
designed to be applied to architecture elements on all differ-
ent layers of the EA, ranging from business to IT infrastruc-
ture. For each of these techniques, the relevant application
context is stated and provides a basis for selecting the most
appropriate technique for a specific organizational setup.
A comprehensive meta-model allows to precisely describe
the selected model maintenance techniques and provides the
basis for a prototypical implementation of our method. The
presented case study showed the practical applicability of the
method to create a viable, useful and tool-supported docu-
mentation process at an insurance company.

Ourwork impacts practice from twodifferent angles. First,
EA practitioners might use the presented techniques, and
in particular, the assembly method in order to analyze and
enhance their documentation strategies. Second, tool vendors
might recognize the importance of process support in order
to enhance their offerings with the presented techniques.

Further research needs to be executed both in evaluating
the techniques in practice and in enhancing or creating new
techniques. Another interesting research area is the problem
of the abstraction mismatch between data sources and the
detail level needed for EA. Further case studies are necessary
to understand this mismatch in more detail. This might lay
the basis for more sophisticated techniques that address this
abstraction problem. In particular, the open issue of detecting
removed elements needs to be tackled.

Our future work specifically targets practical evaluation
of the situational method and tooling. Additional cases will
show, which architecture elements can be drawn from which
data sources usingwhich techniques. Thereby, we aim to iter-
atively enhance the presented techniques and discover new
documentation techniques where appropriate.

8 Appendix

8.1 Systematic literature review details

As a first step of the literature review, the main two research
questions were fixed. These were the following:

1. What is the related work in the context of (automated)
Enterprise Architecture Documentation in EA research
literature?

2. Is there literature that combines EA documentation
research and situational method engineering?
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We then crafted a protocol of the review execution that
included the method of data collection, a timeline as well as
quality criteria for inclusion of literature. The categories for
of the literature were established during the review process.
In the following, we describe the review process in more
detail and then list the data sources and keywords that were
used for the review.

8.1.1 Review process

In the first step, we used the scientific literature search engine
Google Scholar to search for terms which we list below. We
went through the first ten pages of results, leading to amanual
search of the top 100 search results on Google Scholar per
search term. Relevant papers were first collected in a prelim-
inary list. Also in this step, we manually searched through
the last ten years of publications of the journals and proceed-
ings of scientific events listed below. From the first list of
identified papers, we performed a backward search of the
included references as well as a forward search of papers
citing a given article via Google Scholar. A second list was
created in this step for which this procedure was repeated
until no new relevant literature was identified.

In addition to the search of scientific literature, we
included several books from practitioners in the review. The
general inclusion criteria were the description of practices or
recommendations for the manual or automated maintenance
of EAmodels and in particular any reference to situativeness
in the documentation approach. Since the amount of identi-
fied literature was comparatively little and we wanted to get
a general overview of the state of research in EA documenta-
tion, we did not specify any exclusion criteria regarding the
quality of evaluation of the identified literature. Publications
by the same author on the same topic were not considered
twice. Hence, we always included the newest publication in
such cases.

8.1.2 Data sources

As already mentioned above, the main database that was
searched was Google Scholar as it integrated several other
main search engines including the ACM Portal15 and the
IEEE XPlore Digital Libary.16

Journals

– Software and Systems Modeling (SOSYM)17

– Journal of Enterrise Architecture (JEA)18

15 http://portal.acm.org.
16 http://ieeexplore.ieee.org.
17 http://www.sosym.org.
18 http://www.globalaea.org/?page=JEAOverview.

– Enterprise Modeling and Information Systems Architec-
tures (MoBIS)19

– Management Information Systems Quartely (MISQ)20

Scientific events

– Hawaii International Conference On System Sciences
(HICSS)21

– Enterprise Distributed Objects Conference and Work-
shops (EDOC)22

– Trends in Enterprise Architecture Research Workshop
(TEAR)23

– International Conference on Advanced Information Sys-
tems Engineering (CaiSE)24

– AmericasConferenceon InformationSystems (AMCIS)25

– European Conference on Information Systems (ECIS)26

8.1.3 Search terms

In the following, we list the search terms that were used to
search Google Scholar. The term “enterprise architecture”
was combined with the following list of keywords. The first
ten pages of results were examined.

{“enterprise architecture”} × {
“documentation modeling”,

“maintenance”,

“model maintenance”,

“update”,

“up − to− date”,

“documentation process”,

“modeling process, ”

“architectural description”,

“data collection”,

“model reposi tory”,

“model reposi tory update”,

“in f ormation retr ieval”,

19 http://www.wi-inf.uni-duisburg-essen.de/MobisPortal/index.php?
lang=en.
20 http://www.misq.org/.
21 http://www.hicss.hawaii.edu.
22 http://www.edoc2014.org.
23 The proceedings of TEAR were published with several different
publishers of which some can be found here: http://www.informatik.
uni-trier.de/~ley/db/conf/tear/index.html.
24 http://www.informatik.uni-trier.de/~ley/db/conf/caise/index.html.
25 http://aisel.aisnet.org/amcis/.
26 http://www.ecis.org/.
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“model quali t y”,

“model quali t y assurance”,

“actuali t y”,

“update”,

“semantic integration”,

“data source”,

“in f ormation source”,

“data collection”,

“automated data collection”,

“in f ormation collection”,

“automatic”,

“automated”,

“semi − automated”,

“challenge”,

“master data management”,

“si tuational method”

}
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