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a b s t r a c t
Context: A software reference architecture is a generic architecture for a class of systems that is used as a
foundation for the design of concrete architectures from this class. The generic nature of reference architectures leads to a less deﬁned architecture design and application contexts, which makes the architecture goal deﬁnition and architecture design non-trivial steps, rooted in uncertainty.
Objective: The paper presents a structured and comprehensive study on the congruence between context,
goals, and design of software reference architectures. It proposes a tool for the design of congruent reference architectures and for the analysis of the level of congruence of existing reference architectures.
Method: We deﬁne a framework for congruent reference architectures. The framework is based on state
of the art results from literature and practice. We validate our framework and its quality as analytical tool
by applying it for the analysis of 24 reference architectures. The conclusions from our analysis are compared to the opinions of experts on these reference architectures documented in literature and dedicated
communication.
Results: Our framework consists of a multi-dimensional classiﬁcation space and of ﬁve types of reference
architectures that are formed by combining speciﬁc values from the multi-dimensional classiﬁcation
space. Reference architectures that can be classiﬁed in one of these types have better chances to become
a success. The validation of our framework conﬁrms its quality as a tool for the analysis of the congruence
of software reference architectures.
Conclusion: This paper facilitates software architects and scientists in the inception, design, and application of congruent software reference architectures. The application of the tool improves the chance for
success of a reference architecture.
Ó 2011 Elsevier B.V. All rights reserved.

1. Introduction
Software reference architectures have emerged as abstractions of
concrete software architectures from a certain domain. A reference
architecture (RA)1 is used for the design of concrete architectures in
multiple contexts serving as an inspiration or standardization tool
[1,2]. Nowadays, the increasing complexity of software, the need for
efﬁcient and effective software design processes and for high levels
of system interoperability lead to an increasing role of reference architectures in the software design process.
Concrete software architectures are designed in a speciﬁc context and reﬂect concrete business goals of the stakeholders. The
types of possible goals, the identiﬁcation of the stakeholders, the
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identiﬁcation of the required system functionalities and qualities,
and their effects on the architecture design have been well-studied
and extensively published (see, e.g., [3,4]). Reference architectures,
however, are designed to facilitate system design and development
in multiple projects. Consequently, their design and application
take place in a broader and, hence, less-deﬁned context with a larger and less-deﬁned stakeholder base. These less deﬁned architecture design and application contexts and stakeholders, affect the
ability of the architecture sponsors2 and designers for clear judgment and decision making when articulating the architecture goals
and elaborating the architecture design [3,4].
The reference architecture design and application contexts,
goals, and design exist in a complex relation (see Fig. 1). The architecture goals set constraints on the context in which the architecture should be deﬁned and on the architecture design. Vice versa,
the context and design affect the achievement of the architecture
goals. Furthermore, the design choices are affected by the context
and vice versa, a design choice implies a certain context. In this
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2. Reference architectures – a deﬁnition and disambiguation
A commonly accepted deﬁnition for software reference architectures does not exist [6–8]. In this section, we ﬁrst provide the deﬁnition of reference architectures that we use throughout the paper.
Next, from the perspective of this deﬁnition, we discuss a number
of terms that are sometimes considered synonymous or closely related to the term ‘‘reference architecture’’. We present our view on
the overlap and differences in the semantics of these terms.

Fig. 1. The relationships between architecture goals, design and contexts.

work, we investigate these relationships and the ways they inﬂuence the success of a reference architecture (where by success,
we mean the acceptance of the architecture by its stakeholders
and its usage in multiple projects).
We call a reference architecture ‘‘congruent’’ if its goals are relevant for the context of the reference architecture and its design
properly reﬂects both the architecture context and goals, i.e., we
require congruence between context, goals, and design of a reference architecture. To address the problem of designing congruent
reference architectures, in this paper, we propose a ‘‘framework
for congruent reference architectures’’. The framework consists of
two elements, i.e., a multi-dimensional architecture classiﬁcation
space and a set of predeﬁned reference architecture types (and
variants of these types). The multi-dimensional space allows classiﬁcation of reference architectures according to their context,
goals, and design. The reference architecture types are speciﬁc
combinations of values from the multi-dimensional space. Reference architectures that ﬁt into one of these types are congruent
and, as we show in this work, have higher chances for success. Lack
of a ﬁt into a type indicates an incongruent architecture and is a
portent for the architecture weak usage and criticism from the
architecture stakeholders.
The framework that we propose serves multiple purposes. It can be
applied for the analysis of the congruence of existing reference architectures. Furthermore, it can be used as a ‘‘tool’’ for the design of congruent reference architectures as well as for the re-design of existing
reference architectures into congruent reference architectures.
The work presented in this paper is a follow-up of the work presented in [5] – it substantially extends and improves the results presented there. In the current paper, we include a comprehensive
discussion on the concept of reference architecture to better deﬁne
it and provide a clear disambiguation with respect to similar concepts. We present a more detailed and precise (and, hence, more
operational) description of the framework for classifying reference
architectures. Furthermore, we provide a description of the framework usage. The validation of the framework is tentative in earlier
work – in the current work it is performed in a more profound
way and the set of reference architectures used in the validation is
extended.
The structure of this paper is as follows. The lack of an accepted
deﬁnition for the term ‘‘reference architecture’’ by the research
community has led to a semantic overloading of the term. Therefore, to position clearly our work, we start with deﬁning the term
‘‘reference architecture’’ in Section 2 and discuss it with respect
to a number of closely related terms. Section 3 and 4 contain the
description of our framework. In Section 3, we describe the multi-dimensional space for classiﬁcation of reference architectures.
In Section 4, we present the predeﬁned types of reference architectures. In Section 5, we discuss how the framework can be used. In
Section 6, we validate the framework by applying it for the analysis
of 24 reference architectures. Section 7 contains a discussion on related work. The paper ends with conclusions.

2.1. A deﬁnition for reference architectures
In [3], a reference model is deﬁned as ‘‘a division of functionality
together with data ﬂow between the pieces’’ and a reference architecture as ‘‘a reference model mapped onto software elements (that
cooperatively implement the functionality deﬁned in the reference
model) and the data ﬂows between them’’.
We have selected this deﬁnition for our work as it addresses the
generic nature of a reference architecture, states explicitly its software nature, deﬁnes the minimum architectural elements that
should be used in its design, and covers the various types of software reference architectures that exist in practice. Other deﬁnitions cover not only software but also business and technology
aspects (e.g., [9]), do not require the usage of speciﬁc architectural
elements (e.g., [10]), or restrict too strongly the space of reference
architectures (e.g., focusing primarily on best-practices architectures [7,8]). More importantly, while other deﬁnitions implicitly
or explicitly equate the term ‘‘reference architecture’’ to other related terms, this deﬁnition allows us to clearly delineate the borders of the term ‘‘reference architecture’’. Next, we discuss the
relation of a number of terms to the term ‘‘reference architecture’’
from the perspective of our deﬁnition.
2.2. Reference architectures and concrete architectures
Typically, an architecture is designed and used for the development of a speciﬁc software application. We call this type of architectures ‘‘concrete architectures’’ or simply ‘‘architectures’’ (also
known as ‘‘application architectures’’ [11]). What if a concrete
architecture is used for the design of several applications? Does
it become a reference architecture? In other words: Where is the
border between concrete and reference architectures?
In [7,8,1] we have identiﬁed the generic nature of reference
architectures as a main feature distinguishing them from concrete
architectures. Their generic nature implies their applicability in
multiple, different contexts, reﬂecting the requirements of the
stakeholders in these contexts. The generic nature of reference
architectures is achieved by designing them at higher levels of
abstraction (abstracting from the differences introduced by the
contexts). Thus, we can label an architecture as reference, only if
it is deﬁned to abstract from certain contextual speciﬁcs allowing
its usage in differing contexts.
2.3. Reference architectures and architectural patterns
Architectural patterns are a widely used concept in the software
architecture community. According to Avgeriou and Zdun [12],
architectural patterns are ‘‘well-established solutions to architectural problems’’. In [13], an architectural pattern is deﬁned as a
construct that ‘‘expresses a fundamental structural organization
or schema for software systems. It provides a set of predeﬁned subsystems, speciﬁes their responsibilities, and includes rules and
guidelines for organizing the relationships between them’’. In [3],
an architectural pattern is deﬁned as ‘‘a description of element

