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Abstract— Our position is that architectural descriptions lack
composition of views, preventing a proper separation of con-
cerns. This position took shape from experiences with building
several complex distributed software systems. Our claim is that
view composition should be a first-class entity in architectural
descriptions. As a first step, we propose an extension of the con-
ceptual model of IEEE Recommended Practice for Architectural
Description of Software-Intensive Systems with view composition.

I. CONTEXT

Our research group performs application driven research to
built advanced open and distributed software systems, with
as main challenges a high degree of dynamism and change
in either the problem or the system’s environment together
with a physically distributed infrastructure. More specifically,
we use a multiagent architecture for modeling such systems.
In a multiagent architecture, the system is structured into a
number of interacting autonomous entities (agents) embedded
in an environment. Over the last five years the research of our
group was guided by architecting several applications, ranging
from an experimental peer-to-peer file sharing system up to an
industrial automatic transportation system that uses automatic
guided vehicles to transport loads in a warehouse environment.

In this paper, we focus on our experiences in specifying
software architectures and place this in the context of aspect-
orientation. The argumentation of this paper is mainly built
around the conceptual model of IEEE Recommended Practice
for Architectural Description of Software-Intensive Systems
(referred to as IEEE 1471 [17]), because it provides a con-
cise but very clear overview of the conceptual elements and
relations of in an architectural description (AD).

IEEE 1471 is centered around two key ideas: (1) a concep-
tual model for architectural description; and (2) a statement
of what information must be included in any 1471-compliant
architectural description, independent of the specific architec-
tural language in use. The conceptual model ties together such
concepts as architectural description, concerns and view.

Figure 1 shows a portion of this conceptual model in UML.
An architectural description is “a collection of products to
document a specific architecture”. An AD is centered around
views, defined as “a representation of a whole system from
the perspective of a related set of concerns”. Each view is
built according to a viewpoint, defined as “a specification
of the conventions for constructing and using a view; a

pattern or template from which to develop individual views
by establishing the purposes and audience for a view and the
techniques for its creation and analysis”. Viewpoints cover
specific concerns, described as “those interests which pertain
to the systems development, its operation or any other aspects
that are critical or otherwise important to one or more stake-
holders”. Each view exists of one or more architectural models,
containing a concrete description of the systems elements and
relations.

One of the strong point of modern AD with respect to aspect
orientation in general, and in particular for IEEE 1471, is that
it explicitly considers concerns and defines a relation between
the concerns and the views covering the concerns.

Also, there is a clear relation between the separation of con-
cerns in views and the well known vision of Multidimensional
separation of concerns (MDSOC), as pointed out by Kandé et
al. [18]. In this paper we follow the symmetrical vision on
aspect orientation [14]. As a consequence, we do not us the
term ‘aspects’ and make no distinction between ‘normal’ views
and views that could be considered ’aspectual’.

II. POSITION STATEMENT

Our position is that architectural descriptions lack compo-
sition of views, preventing a proper separation of concerns1.
View composition should be a first-class entity in the concep-
tual model of IEEE 1471.

The lack of support for view composition implies two
important problems:

1) Relations between information that is documented in
different views remain implicit (or are described only
informally).

2) Although modern ADs explicitly support the notion
of concern and the description of concerns in one or
more views, concerns still crosscut each other in the
architectural views.

The first problem leads to increased overhead to keep
architectural documentation consistent, and generally leads to
architectural erosion over the system’s lifetime [2].

The second problem is particularly important in the context
of aspect-orientation. The IEEE 1471 conceptual model tells

1We want to emphasize that with separating concerns in the AD, we
specifically mean separating concerns inthe typicalrepresentation of an AD,
the decomposition into architectural views and models (called the dominant
decomposition for an architecture in [1]).



Fig. 1. A summary of important concepts in the IEEE 1471 conceptual model.

us that several views can be used to describe a single concern
and that a view can contain a description covering several
concerns. Although an architect can choose to limit the number
of concerns described in views, in general, overlap between
concerns can not be avoided [16]. As a consequence, software
architect are left with no choice but to mingle concerns in
several views to express relationships between concerns, or to
duplicate parts of the architecture in different views. This leads
to crosscutting concerns, a problem that has been extensively
studied in the field of aspect-orientation.

III. I NDUSTRIAL TRANSPORTATIONSYSTEM

In this section, we illustrate the problems of a lack of
support for view composition in an industrial Automatic
Guided Vehicle Transportation System (AGVTS) that we have
developed in a joint R&D project with Egemin2. An AGVTS
is a fully automated transportation system that uses multiple
Automatic Guided Vehicles (AGVs) to transport loads in a
warehouse or production plant. This system was built accord-
ing to a multi-agent architecture, the architectural description
can be found in [5].

For the documentation of the software architecture of the
AGVTS, we used Views and Beyond (V&B [12]), an ap-
proach that is closely related to IEEE 1471 [11]. To docu-
ment relations between different views, we used a mapping
between views and a glossary. Whereas this information is
very important to link different architectural issues with one
another, the information remains intuitive and leaves important
information implicitly. Moreover, revising the documentation
and keeping everything up-to-date (e.g., cross-references and
relations between different parts of the documentation) turned
out to be especially hard and time-consuming [7].

2http://emc2.egemin.com/

From our experience, we also learned that important con-
cerns are often scattered over different views in the AD. Two
examples of such concerns identified when developing the
AGVTS are: (1) the coordination between different agents or
robots; and (2) the distribution of the system. As shown in
previous work ([3], [6]) both concerns crosscut with each other
in several architectural views. The problems with crosscutting
concerns became particularly difficult during a revision the
software architecture. Whereas in the original design the
control system was developed with an agent deployed on
each AGV, during the project, Egemin realized that switching
towards a distributed agent-based architecture was a big step
with far reaching effects for the company, not only for the
software but for the whole organization. Therefore, a stepwise
integration of the architecture was proposed where all agents
are located on a single computer system with remote access
to the low-level control software on the vehicles. In principle,
the impact of such a revision would be limited since only the
parts related to distribution including middleware support for
distributed communication, would be affected. Unfortunately,
because of the concerns crosscutting each other in the views,
we had to adapt most of software architecture and change
nearly every individual view of the AD. Our experiences
learn that this is not an exceptional situation in an iterative,
incremental development processes.

IV. EXTENDING THE CONCEPTUAL MODEL

We propose to extend the IEEE 1471 conceptual model
with the concept of view composition. Figure 2 shows the
extension and the relation to the remainder of the architecture.
View compositiondescribes the composition of two or more
views. This is done by describing a number ofmodel relations,
each describing the relation between two or more models from
different views. In this extension, an AD not only consists of



Fig. 2. An extension to the IEEE 1471 conceptual model, extensions are marked in red.

several views (containing several models) but also of a number
of compositions between these views.

The extension of IEEE 1471 allows to better separate
concerns and compels an architect to explicitly reason about
how the different views (that describe different concerns) can
be brought together to form the system.

IEEE 1471 itself is very brief on consistency between
views. It points out that an AD should indicate consistency,
but the recommended practice stays vague on this point.
View compositions provide a explicit mechanism to prevent
inconsistencies between views.

In previous work we performed several explorations of the
idea of composing architectural views. [4] promotes a direct
relation between concerns and view, and informally introduces
operators to compose different concerns. We applied the
approach in a small online auction system. As part of the
AOSD-Europe report on known an new candidate concerns,
we identified several important concerns in the AGVTS [19].
[6] reports our experiences with using Theme/UML for archi-
tectural design and introduces several composition operators
to better support architectural composition. The operators are
illustrated by describing an excerpt of the AGVTS. Finally,
in [3], we introduce composition of architectural structures in
the xADL language. The composition operators in this paper
are rigorously defined, but limited to composing of one type
of view (namely structural views describing components and
connectors). Each of the extensions provides quantified [13]
relations between views, an essential property of aspect-
orientation.

V. D ISCUSSION

The introduction of view composition in the conceptual
model of IEEE 1471 is a first step, but several important
questions remain open.

• A first question is how the result of a view composition
(after applying all relations between models) will look.
Typically, a composition results in several models and

could again be considered as a kind of view (a composite
view?). Considering the result of a view composition as
a view has as advantage that it in turn can be used in
future composition, allowing for hierarchical composition
of views. A disadvantage is that this composite view is
not the same as the current definition of view in the
conceptual model, since it has no associated viewpoint.
Using the concept of a composite view would require an
additional extension of IEEE 1471.

• The introduction of view composition leaves open how to
specify the relations between models. Support for describ-
ing composition could come as specialized composition
operators or as a logical language. This latter allows to
reason about the views and architectural elements. View
compositions could have a template definition, similar
to what viewpoints are for views. More research is
required on the advantages and disadvantages of different
composition approaches.

• In our proposition, a view composition consists of several
relations between concrete models. However, other types
of relations may be possible. Examples are relations
between architectural elements of different views (inde-
pendently of specific models) and relations between view-
points (that are used for the instantiation of a particular
set of views). The latter introduces a relations between
any views that instantiate these different viewpoints.

• Note that the composition specification can contain rela-
tions between the same type of architectural models as
well as betweendifferent types. An example of the former
is the composition of two models describing modules,
an example of the latter is the composition of a model
describing runtime components and a model describing
processes. The relations between different types of mod-
els may be more difficult to describe.



VI. RELATED

Because of the limited space of this paper we briefly
discussing three strongly related approaches.

The V&B [12] approach provides has a some concept of
relations between views. The ”B” part of V&B ”helps the
reader of the documentation to understand the relationship
between views and how the architecture works as a conceptual
whole”. For example, documentation that applies to more than
one view includes a documentation roadmap, a view template,
a system overview, a mapping between views, a directory, a
glossary, and a cross-view rationale. Whereas each document
in the additional documentation of V&B is important, in
general the information is rather informal and intuitive and
leaves important information implicitly. We claim that the
documentation of the relationships between views (of the same
type as well as of different types) is as important as the views
themselves. Therefore, relationships between views should be
considered first-class in architectural description and formally
specified.

In [15] Hilliard provides some initial ideas on tackling in-
consistencies between views by putting forward the metaphor
of views as modules. The metaphor suggest that views, like
modules, address separation of concerns and that to the extend
that views are not interfering, those views “encapsulate”
concerns. Finally, the author points out that an appropriate
definition of view interfaces could be of particular interest for
this.

The ViewPoints framework [20] provides an organizational
framework in which different views, and their relationships,
can be explicitly represented and analyzed. Much of the
research has focused on requirements engineering, but the
same approach has been applied on architectural descriptions.
The authors explicitly recognize the crucial need for relations
between views and provide a tool to for advanced consistency
checking between different view (with possible heterogeneity
of representations for different models).

VII. C ONCLUSION

Explicit relations or advanced compositions are a major
challenge for separating concerns where we believe that
aspect-orientation can contribute to architectural descriptions.
Extending the architectural description with advanced compo-
sition is analogous with extending requirements with compo-
sition operators such as in [8], UML with model composition
semantics such as for Theme/UML [9], [10] or enhancing the
Java language with structural composition mechanisms like the
ones supported by the Hyper/J programming language [21].

Yet, view composition will only come to its full extent when
it is rigorously specified, integrated in concrete ADLs and
supported by proper tools
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