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Abstract—Enterprise architecture modeling languages capture
holistically the structure of an enterprise. They therefore repre-
sent how the services and business processes of an organization
are supported by IT infrastructure and applications. However,
the reasoning behind the selection of specific design decisions in
the architecture remains usually implicit.

In our earlier work we proposed the EA Anamnesis approach
which captures design rationalization information in the solution
space of the enterprise architecture. Its major contribution is
a formal metamodel that captures the reasoning behind design
decisions and the relationships between them. In this paper,
we extend our approach with concepts from the problem space
domain of the enterprise architecture, such as goals, principles,
requirements. Furthermore, we provide a bridging with the
existing concepts of EA Anamnesis which are part of the solution
space. In doing so, we can represent the extent to which EA
design decisions, which define the EA design, comply with given
goals, principles and requirements. The extension is evaluated
with a real world case study within a Research and Technology
Organization.

Keywords—Enterprise Architecture, Design Rationale, Goals,
Principles, Functional Requirements, Nonfunctional Requirements,
Decision making process, Problem Space, Solution space

I. INTRODUCTION

Enterprise Architecture (EA) models are considered as an
instrument to represent an enterprise holistically [1], linking
perspectives on an organization which are usually considered
in isolation. In doing so, one can consider the organization-
wide impact of a change [1], [2], expressing its complete
business-to-IT-stack [3]. For example, for a newly introduced
IT application, EA models can be used to consider implications
on business processes, human resources, organizational goals,
and more.

Although EA models can be used to capture the holistic
design of an organization, they rarely specify the design
decisions behind the resulting models. Even if we should be
careful with the analogy, experience from the field of software
architecture shows that leaving design rationales implicit leads
to ‘Architectural Knowledge vaporization’ (cf. [4]). This means
that without design rationale, design criteria, reasons and
alternatives are left implicit.

As a result of this lack of rationalization, architects are
unable to justify their designs [5]. Furthermore, new designs
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are constructed in an ad hoc manner without taking into
consideration constraints imposed by past design decisions [5].
Here, constraints refer to boundaries implied by the design.
These boundaries can be of business or technical nature, such
as the choice for a programming language that comes with
choosing a specific appilication development environment.

Moreover, a survey amongst enterprise architecture prac-
titioners [6] provides indications of the usefulness of design
rationalization for motivating design decisions and for archi-
tectural maintenance. At the same time, however, the survey
shows that practitioners often forego the use of a structured
template/approach when rationalizing an architecture, relying
instead on ad hoc information capturing on tools such as
Microsoft Office.

In our earlier work [7], [8], [9], we introduced the
EA Anamnesis approach for architectural rationalization. EA
Anamnesis captures decision characteristics such as decision
criteria and used decision making strategy, and shows the
relation between business-level and IT-level decisions. Further-
more, EA Anamnesis relies on a metamodel-based formal link-
age between EA modeling languages (mainly ArchiMate) and
the corresponding decision aspects to realize the connection
between EA designs and EA rationale.

So far we have evaluated EA Anamnesis approach in the
context of a real world enterprise architecture transformation.
The evaluation showed that the approach was capable to
sufficiently capture design rationales and enabled practitioners
to structure their decision making problem. However, the
evaluation also indicated that EA Anamnesis should provide
traceability from the problem space down to the solution space.
Currently, EA Anamnesis captures how the enterprise architect
solved the given architectural problem but the role of critical
concepts in enterprise architecture like goals, principles and
requirements is not explicitly taken into consideration.

As a response, in this paper we provide a bridging between
the concepts that belong to the problem space of enterprise
architecture (goals, principles, requirements) and the existing
concepts of EA Anamnesis that belong to the solution space
of enterprise architecture. By doing so, we provide additional
dimensions of design rationalization since we are able to iden-
tify the role of the architectural principles and requirements
on the decision making process. We check the compliance of
the EA decisions and design based on the given principles and
requirements, we analyze how the principles are specialized in
more refined functional and nonfunctional requirements, and
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we justify the elicitation of specific principles and requirements
based on the given high level goals.

This paper is structured as follows. Section II introduces
the Research and Technology Organization case study and
discusses the case study protocol that we followed and the
limitations. Section III introduces the enhanced conceptual
model. For pedagogical reasons the problem space concepts of
the metamodel are illustrated through the real world case study.
In Section IV we evaluate our approach by capturing design
rationales of the enterprise transformation of the research and
technology organization. Section V presents related work from
the domains of requirements engineering and design rationale
and finally Section VI concludes.

II. CASE STUDY: BUDGET FORECASTING AT LUXRTO

In this section we introduce a real world case study
in a Luxembourgish Research and Technology organization,
hereafter referred to as LuxRTO. Subsequently, we use it to
illustrate our extended conceptual model in the next section.

A. Case study setup

1) Objectives and setup: The main objective of this case is
to review to what extent our approach is able to capture design
rationales in the context of a real life enterprise transformation.

To this end, we study one particular transformation: the
introduction of a new budget management business process
at LuxRTO. We organized interviews with the two key stake-
holders that were involved in the transformation: The financial
officer, and the IT architect. Both these stakeholders provided
a good starting point for the domain knowledge that we had
to capture. On the one hand, the financial officer possessed
significant business expertise on this enterprise transformation
project. Being involved from the beginning of the transfor-
mation project, she had knowledge about the driving motives
that initiated this transformation and how the business process
design had evolved over time. On the other hand, the IT
architect had significant IT expertise on the transformation
project. Additionally, the stakeholders provided us with the
documentation of this transformation project (text documents,
presentations, emails).

We started our case study by presenting the EA Anamnesis
approach to the financial officer and the IT architect. We
explained the goals and challenges of our case study, and we
illustrated our approach using an example case. This example
case helped the stakeholders to understand our approach.

After the presentation of the EA Anamnesis, we conducted
a collaborative modeling exercise with the two stakeholders.
The goal of this exercise was to see to what extent our
approach was able to capture the design rationales of this
transformation. Furthermore we identified the perception of
stakeholders regarding the concepts of EA Anamnesis.

Note that the setup above is inspired by the main steps for
doing case study research set out in [10]. For example: prior
to the collaborative modeling we explained our approach to
practitioners. This is in line with [10], that advices to prepare
for data collection prior to the collection of evidence.

2) Limitations: In this subsection we discuss limitations
that have potentially played a role in the application of our
approach in LuxRTO and in the interpretation of the results of
this study.

The first limitation is that the actual enterprise transforma-
tion was held almost two years before the case study. This
implies that stakeholders may had a bias in what information
they captured during the case study (colored memory) or they
may have forgotten this information. Another limitation is the
number of stakeholders that participated in the case study.
Normally, multiple stakeholders participate in an enterprise
architecture transformation. In our case we interviewed two
stakeholders (one from business domain and one from IT do-
main). We are aware of this restriction but in the current stage
of our research we focus on how our approach captures design
rationales and not on the support of multiple stakeholders
decision making.

B. Budget forecasting at a Research and Technology Organi-
zation

During the last years, the Luxembourgish government
introduced stricter rules on the budget spending of research
institutions. This policy had to be incorporated by research
institutions, meaning that the institutions should be able to
establish long term financial projection plans. The idea is that
these plans provide institutions with a better insight regarding
the availability of resources, and in turn foster the planning of
future projects and personnel hiring.

LuxRTO did not have an established business process for
the budget estimation. Stakeholders from the management side
of LuxRTO had to design this new business process. Their
initial objectives were that this business process should provide
a clear view on human resources and projects coverage, an
input for the future hiring plan, a comparison between the
forecasted and valuable budget, and in general robustness of
the organization’s financial data.

C. Enterprise Transformation

We now describe how the enterprise design was changed
to support the new budget estimation business process. For
expressing the EA Design of the budget forecast project,
we used the ArchiMate EA modeling language. Note that
LuxRTO had already established IT systems that were
supporting other types financial, project and human resources
business processes. Before we present the transformation we
briefly describe the new business process and the already
established IT systems.

Budget forecast business process: The main objectives
of this business process are the estimation and the planning
of resources to ensure the planning activities, the assessment
of the need for additional resources, the estimation of the
associated budgets and the checking of the forecast in relation
to the available budget in LuxRTO. The role of the business
process is to provide annual budget estimates, which should
be validated and approved by the finance department.
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Fig. 1. LuxRTO enterprise transformation - As is architecture

IT Systems: Application A is the main financial applica-
tion of the organization. The main functionalities of this appli-
cation are: the management of procurements, traveling costs,
personal costs, overhead costs calculation, salaries payment
and project dashboard. Only financial officers are allowed to
access Application A.

Application B is the human resources management applica-
tion. It supports tasks like resource allocation, start/end dates
of work contracts, a weekly calendar, and different types of
leaves (sickness, vacation etcetera).

Application C is the project management application of
the organization. The actual hours assigned per project in the
organization are maintained in this application.

1) The as-is architecture.: Fig. 1 presents the enterprise
architecture before the incorporation of the new budget fore-
cast business process. The RTO had already implemented
business processes that supported business stakeholders with
the management of projects, finance and human resources.
These business processes were supported by the corresponding
information systems.

Fig. 2 depicts the EA model after the incorporation of
the budget forecast business process. From this model we
understand that the business process was supported by the
interaction and collaboration among Applications A, B, C and
a new application interface.

III. THE EA ANAMNESIS METAMODEL

For comprehension purposes the concepts of the meta-
model are discussed according to its two viewpoints: problem
space (Subsect. III-B) and solution space (Subsect. III-C).
Figure 3 presents the enhanced EA Anamnesis metamodel.
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Fig. 2. LuxRTO enterprise transformation after the incorporation of the new
business process

A. Two viewpoints for EA Anamnesis

We provide a distinction between the problem space and
the solution space in line with requirement engineering litera-
ture [11].

The problem oriented view in requirements engineering
describes and analyzes the experienced problems and how
they were interrelated. In this kind of approaches high level
goals are refined to smaller problems that are more concrete
and measurable. Subsequently, those refined problems can be
addressed by specific decisions.

On the other hand, the solution oriented approaches provide
the justification behind the selection of specific solutions. This
justification should be based on specify quality criteria.

The idea behind the bridging between problem and solution
space is that the solutions and the quality criteria which
rationalize the solutions should be motivated and aligned
with the requirements from the problem space. By doing so
we maximize the compliance of our solution to the given
requirements.

B. The Problem Space

1) Problem Space concepts:

Goal: In accordance with goal-oriented modeling ap-
proaches [12] a goal is defined as an end state that a stake-
holder intends to achieve.

Goals can be classified as business, enterprise architecture
or IT goals [13].

Example: The business goal of LuxRTO for this specific
enterprise architecture transformation is ‘Establish long term
financial projection plans’.

Architecture principle: An architecture principle is a
general rule and guideline that supports the realization of
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Fig. 3. Enhanced EA Anamnesis metamodel

the goals of the enterprise [14], [15]. Principles are usually
abstract, high level propositions and should specialized in more
refined entities which will guide the development and evolution
of the enterprise. Principles are strongly related with goals and
requirements. On the one hand, goals justify the selection of
specific principles and on the other hand requirements should
be compliant with the given principles [13].

Example: The principle ‘enterprise architecture is built on
reusable components’.

Requirement: A requirement is defined as a statement
of need, condition or capability that should be realized by a
system [11], [16]. They are usually derived from goals and
they should be compliant with the given principles [16], [13].

This can range from a high, domain independent, level
of abstraction to detailed, domain-dependent descriptions
of system functions[11]. This means that they should be
interpreted by the architect in different ways depending on the
domain. For example, a generic requirement for security must
be realized in different ways across the different domains of
the enterprise. The enterprise architect should translate this
generic need into specialized requirements per domain.

Requirement types:

a) Functional requirements:

Functional requirements specify what the system should
do or in other words a specific behavior that a system must
have [11].

Example: ‘Find a solution for solution for storing and
processing budget’.

b) Nonfunctional requirements:

Nonfunctional requirements specify the behavioral aspects
of a system or in other words the quality criteria that determine
how the system works.

Example: Application interoperability

Moreover, a special type of nonfunctional requirement
is the constraint. Constraints restricts further the solution
space of what is adequate for addressing a specific functional
requirement [17]. A constraint does not prescribe a specific
functionality on the system, but introduces restrictions on how
the functionality will be realized. Examples of constraints
can be financial or time issues or a specific technology that
should be used.
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Problem Space relations:

In this part we describe the different relationship types
which interrelate the problem space concepts in our meta-
model.

Motivates: In enterprise architecture goals should be trans-
lated into refined requirements [16], [13]. This is done in
two ways, with or without the intervention of architectural
principles [18].

• The direct relationship between goals and requirements is
signified by the relationship ‘motivates’ between the concepts
‘Goal’ and ‘Requirement’.

• Goals motivate principles. In our metamodel this is
signified by the relationship ‘motivates’ between the concepts
‘Goal’ and ‘Principle’. With these two relationships we sup-
port traceability from specific requirements and architectural
principles to goals.

Complies with The relationship ‘Complies with’ provides
a refinement of principles in both types of requirements:
“functional” and “non functional”. This is in accordance
to [15], [13], which specifies that principles should inform
requirements.

1) Decomposition:

As we can see in Figure 3 the requirement can be decom-
posed further until we arrive to a desired abstraction level for
the domain architecture. For our approach this means that we
can decompose the problem until we arrive to requirements
that can be addressed by concrete EA design decisions. The
decomposition relationship is in line with ’decomposes into’
relationship of Kruchten’s ontology [19].

2) Translation:

Translation relationship describes how requirements that
belong to different EA layers of the enterprise are translated
in requirements on a different layer [8]. This relationship
is critical for the domain of enterprise architecture since it
provides to the enterprise architect a holistic view of the cross
layer dependencies of the requirements.

C. The Solution Space

Alternative: The concept of alternative represents the
available choices that are under evaluation by using a specific
decision making strategy [20].

EA decision: The concept of EA decision represents the
final choice among the alternatives. Since the information for
the alternatives already exist, the concept ‘EA decision’ is
automatically derived from the alternative with the highest
utility score.

Decision making process: A decision making process
provides the summarization of the decision making for a
specific design decision. As we explain below, one or more
decision making strategies can be used for the making of a
single decision. In our metamodel the decision making process
is automatically derived by the set of the decision making
strategies and it is linked to the concept of EA decision.

Decision-Making Strategy: This concept captures the
decision making strategy used by the enterprise architect to
evaluate the alternatives, and make the actual EA decision.
Decision making strategies are characterized as compensatory,
noncompensatory, or as a hybrid of these two. For a detailed
description of the different types of decision making strategies
in EA Anamnesis please refer to [9].

Strategy rationale: In the context of a decision making
process, the architect not only has to choose amongst some
alternatives (actual decision making process), but has also to
select the decision strategy that satisfies his current evaluation
needs. Typical reasons for the adoption of different strategies
by the architect are constraints that come from different
domains of the enterprise. The capturing of this information
justifies the decision strategy that was selected for the eval-
uation process. This is what is referred to as metadecision
making, decision making about the decision process itself [21].
As stated in the metamodel, one strategy rationale can justify
one ore more decision making strategies.

Value and weight: The value concept represents the
value that the decision maker assigns to the nonfunctional
requirement during the evaluation process and weight concept
represents the importance of the non functional requirement.
By capturing the value and weight of nonfunctional require-
ments, stakeholders that analyze in depth the architecture,
can understand which criteria had a determinant role in the
selection process and on which strategy they were based.

IV. EVALUATION

In Section II we introduced the real world case study and
the changes that were made in the enterprise architecture de-
sign. However, the rationale behind this design is not captured
by the EA models.

The following questions are not easy to be answered by
just examining an EA model. How do the EA design decisions
comply with the given goal, principles and requirements? What
was the role of the problem space concepts during the decision
making process for the selection of the best alternatives?

By answering these questions we do not only provide
traceability on the solution space of the architecture, but
we also provide the bridging between the problem and the
solution space. This is done by making explicit the role of the
requirements and principles on the decision making process.

We use two different ways for representation of the cap-
tured information, visualization and summarization tables. The
visualization of Figures 4,5 were constructed during the cap-
turing of design rationales and Table I provides the summary
of the decision making process for a specific design decision.

1) Compliance of EA decisions to Goals and Functional
Requirements: As we mentioned before our approach provides
a bridging between the problem and solution space of the
enterprise architecture. In this part we capture and visualize
in Fig. 4 how the business goal was analyzed into concrete
functional requirements and how these requirements were ad-
dressed by specific design decisions. In this way we can trace
from elements of the solution space back to the motivational
aspects and vice versa.
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Fig. 4. Compliance of EA decisions to Goals and Functional Requirements

We started our evaluation by capturing the business goal
G01 ‘Establish long term financial projection plans’, which ini-
tiated the enterprise transformation. Motivated by the business
goal, the stakeholders defined the functional requirements and
subsequently they made the appropriate decisions which would
realize the goal. We captured functional requirements FR01-
FR04 which describe the given architectural problem (problem
space) and EA design decisions D01-D04 which describe
how the stakeholders addressed the architectural problems
(solution space). Moreover, the relationships translation and
decomposition capture how from a given requirement we can
go into a more refined one or to a requirement of another layer
(cross-layer relationship).

Here we see how G01 motivates the functional require-
ment FR01 ‘Having budget forecast in the long term’ on the
business layer of LuxRTO. Business stakeholder decided to
establish the business process ‘Create budget forecast business
process’ which is captured in D01. Moreover the functional
requirement FR01 for the new business process is further
decomposed (decomposition relationship) to FR02 ‘Storing
budget estimation frequency’. Business stakeholders decided
to provide estimation for the budget spending once per year.
We captured their decision in D02.

After the definition of the new business process and its
specificities, stakeholders had to identify an appropriate IT
solution that would support the storing and processing of the
budget information. We captured FR03 ‘Find IT solution for
storing and processing budget’. FR01 and FR03 are related
with a translation relationship in order to make explicit the
cross-layer dependencies of requirements in enterprise archi-
tecture. Stakeholders of the IT domain after examining the
alternative IT solutions (see Subsect. II-C) decided to upgrade
the existing application A (D03). Furthermore, based on FR04
‘How to upload budget data’, they decided to ‘Build budget

input interface’ in order to upload data (D04).

2) Checking the Compliance of EA decision making with
nonfunctional requirements and principles: In this part we
elaborate further in a specific EA design decision of our case
study and we show how our approach makes explicit the role
of principles and nonfunctional requirements on the decision
making process and subsequently how compliant our design
decisions are with those factors.

Fig. 5 provides the visualization of the decision making
process for EA decision ‘Upgrade Application A’ (D03). As
we discussed above, D03 addresses FR03 ‘Find IT solution for
storing and processing budget’. An alternative that potentially
was addressing FR03 was AL01 ‘COTS Application’.

So, what was the reason that stakeholders chose the up-
grade of the existing financial application (D03) instead of
AL01 ‘COTS Application’? By interviewing the stakeholders
we understood and captured the context which influenced
their decision making: during the execution of the enterprise
transformation another high level decision from the Luxem-
bourgish government had to be applied in the organization.
The government decided that LuxRTO had to be merged with
another national Research and Technology Organization. This
imposed the need for serious changes in the organizational
structure since some departments of LuxRTO had overlapping
roles with departments of the other organization. Moreover,
new business models should be defined based on the exchange
of research expertise of research groups.

The upcoming merge of the organization posed some
serious design challenges on the involved stakeholders of the
budget estimation business process. Their initial plan was to
acquire ‘COTS Application’ that would be possible to also
support the future needs of the organization. This plan was
in accordance with the architecture principle 01 of LuxRTO
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Fig. 5. Checking the Compliance of EA decision making with nonfunctional requirements, principles and constraints

‘enterprise architecture is built on scalable components’. At
the same time it was not clear how the financial departments
and business processes would be merged, therefore the risk
of wasting budget for significant business and IT development
was high.

Consequently, despite the fact that the initial plan of the
stakeholders was the acquisition of ‘COTS Application’, the
upcoming merge led to minimization of budget spending which
led stakeholders to the decision of upgrading the in house
applications. By using our approach we captured the afore-
mentioned situation: Two nonfunctional requirements were
considered in the decision making process for the application
selection, NFR01 ‘scalability’ which complied with Principle
01 and NFR02 ‘budget cost’. On the one hand, ‘COTS
Application’ was satisfying NFR01 but not NFR02 and on
the other ‘Upgrade application A’ was not satisfying NFR01,
but was satisfying NFR02. In the specific decision making
context stakeholders decided that they should prioritize and
decide based on NFR02 ‘budget cost’, therefore they rejected
AL01 ‘COTS Application’. The decision making strategy for
this kind of prioritization is a ‘lexicographic’ strategy.

Without rationalization the above reasons behind the archi-
tecture designs of Figures 1, 2 remain implicit. Stakeholders
or even newcomers to the enterprise that want to analyze
or provide justification of past decisions to management or
other stakeholders, can use EA Anamnesis approach in order
to understand the role of principles and requirements to the
decision making process. For example, if a newcomer is
asked about the alignment of the ‘Upgrade application A’
with the principle ‘enterprise architecture is built on scalable
components’, he will be able to justify that this application is
not aligned with the given principle since his predecessors had
to compromise with a low budget solution.

V. RELATED WORK

The motivation extension of the ArchiMate EA modeling
language models reasons behind EA designs. It offers the

possibility to explicitly link architecture designs to problem
space concepts like requirement, goal, driver, assessment,
or constraint. Thereby, the motivation extension provides a
bridging between EA designs and corresponding problem
space concepts. However, according to [22] the large amount
of concepts in combination with their sometimes ambigu-
ous definition, introduces difficulties in the usability of the
motivational extension by enterprise architecture practitioners.
The authors identify that three concepts are well understood:
stakeholder, requirement and goal. The remainder is considered
ambiguous. Interestingly, the large amount of the ambiguously
defined concepts also hints that the motivational extension
is at odds with one of the key design principles behind the
ArchiMate language: ‘the language should be as compact is
possible’ [23]. Differently, EA Anamnesis uses a limited set
of problem space concepts, i.e., no more than strictly necessary
to rationalize an architectural design.

Furthermore, while the ArchiMate motivation extension
can be used to link EA designs to motivational concepts, it
cannot express the underlying decision making process. As
such, it leaves implicit prioritization and conflicts amongst
requirements.

Moreover, Tang et al [24] proposed a metamodel that
provides a bridging between the problem space and solution
space for the domain of software architecture. However, this
metamodel is tailored to the software architecture. As a re-
sult it lacks typical enterprise architecture concepts, such as
‘Principle’.

TABLE I. EA DECISION 03 SUMMARY

Title: Upgrade Application A

Functional
requirement:

Find IT solution for storing and processing budget

Layer: Application

Alternatives: COTS application A

Rationale: Minimize budget cost prioritized over scalability

Decision making strat-
egy:

Lexicographic
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VI. CONCLUSIONS AND FUTURE WORK

In this paper we presented an enhancement of the EA
Anamnesis approach with problem space concepts. This en-
hanced conceptual model provides a bridging between the
problem and solution space of enterprise architecture and
makes explicit the role of problem space concepts on the
decision making processes. We evaluated through a real world
enterprise architecture transformation the ability of our ap-
proach to check the compliance of EA design decisions with
the given problem space concepts.

For future research, we intend to confront decision mod-
els of our approach to enterprise architecture practitioners.
An example of such an evaluation is to divide participating
practitioners into two groups, whereby one group receives an
architectural design and the other group receives an archi-
tectural design and an EA Anamnesis rationalization thereof.
Subsequently, we could ask both groups the same questions
about the architectural design, and observe to what extent and
how EA Anamnesis aids the architects on the understanding
of the EA design.
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