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Abstract:
Understanding the software architecture is a vital step towards building and maintaining software systems. But software
architecture is an intangible conceptual entity. Therefore, it is hard to comprehend software architecture without a visual
mapping that reduces the burden on the human brain. Visualizing software architecture has been one of the most important
topics in software visualization. Not only are architects interested in this visualization but also developers, testers, project
managers and even customers. This paper is a survey on recent and key literature on software architecture visualization. It
touches on efforts that defined what characteristics an effective visualization should have. It compares various efforts in this
discipline according to taxonomies such as dimensionality, multiplicity of views and use of metaphors. The paper also discusses
trends and patterns in recent research and addresses research questions that are still open for further investigation
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I. INTRODUCTION
Simply put, Software Visualization (SV) is the use of visual representations to enhance the understanding and
comprehension of the different aspects of a software system. Price et al. [1] gives a more precise definition of software
visualization as the combination of utilizing graphic design and animation combined with technologies in humancomputer interaction to reach the ultimate goal of enhancing both the understanding of software systems as well as the
effective use of these systems. The need to visualize software systems evolved from the fact that such systems are not as
tangible and visible as physical objects in the real world [2]. This need becomes particularly evident when the software
system grows to entail a huge number of complexly related modules and procedures. This growth results in a boost in the
time and effort needed to understand the system, maintain its components, extend its functionality, debug it and write
tests for it. SV is a broad field that is concerned with visualizing aspects of software engineering as a practice and
software systems as evolving products. Some of these aspects include design models and patterns, software architecture,
development processes, code history, database schemes, network interactions, web services, parallel processing, process
execution and many others [3]. This paper focuses on a single aspect of SV which is software architecture. Software
architecture refers to the structure of a software system including composing entities, the metrics of these entities, and the
relationships among different entities [4]. Visualizing software architecture encompasses not only the software modules
and their internal structures and interrelations, but also the evolution of these modules over time [5]. Considering the
numerous tools and approaches proposed to directly or indirectly help build an understanding of the system architecture
(including software exploration tools), research in this area has been extensive especially in the last few years.
II. QUESTIONS & PROBLEMS
In this section, we touch on the main problems and questions recent research has been trying to tackle. Research in the
area of software architecture visualization is centered on finding a meaningful and effective mapping scheme between the
software architecture elements and visual metaphors [6]. Recent research has been trying to answer different questions
such as: “why is the visualization needed?”, “who will use [it]?”, and “how to represent it?” [7]. Others like [8]
questioned the effectiveness and expressiveness of the visuals to use. In general the various questions asked in this
discipline can be grouped into three broad categories: • Who are the different groups of audience for architecture
visualization [9]? • What questions do they wish to answer through this visualization [10]? • How can visual metaphors
and interaction techniques be used to answer their questions
[11]?
A WHO?.
By answering the “who” question, we determine the different groups of audience for architecture visualization and their
various interests. Defining the audience of the architecture visualization plays a pivotal role in determining what to
visualize and how to visualize it. McNair et al. [9] defines three different groups that are interested in the software
architecture of a given system. These three groups are developers, managers and researchers. Panas et al. [10] consider
architects to be one additional group, and they differentiate between developers and maintainers.
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B WHAT?.
Having defined the audience for architecture visualization, it is equally important to understand the needs of this
audience. These needs can be understood by studying the roles different groups of audience play and the influences they
have on the software architecture. The questions these groups address differ according to their various interests and level
of involvement in the software project. Therefore, the interests of these groups are to be considered when visualizing
software architecture. For example, it is important for architects to realize the different characteristics of the architecture
they design such as complexity, coupling, cohesion and other attributes. Developers (and maintainers) are usually
interested in understanding how the architecture is laid out, and what the most recent status of the software system is.
Developers deem this understanding important
because it enables them to maintain the system and continue the development process. Managers; on the other hand,
want, on a high level, to be able to monitor the progress of the project and determine the completion of development
goals. On another level are researchers. They are interested in studying characteristics and trends of software
architectures and their evolution in general. Customers are also considered an important audience for architecture
visualization [12]. They might ask or need to have a general overview about the design of the system, but they need not
look at low level details that are irrelevant to their concerns. Figure 1 illustrates the previously mentioned groups along
with their interests in the various levels of detail in the software architecture based on [9], [10] and [12].

Figure 1 - Various levels of interest of SV audience

C HOW?.
To satisfy the needs of the different stakeholders, the visualization needs to be capable of answering their various
questions about the software architecture. Numerous approaches, techniques and tools have been proposed by researchers
in an attempt to produce an effective visualization that can achieve this goal. But what an effective visualization is can be
an ambiguous issue that inevitably might create a gap between the proposed solutions and the needed ones. This issue of
determining the effectiveness of the visualization has driven a new stream of research dedicated to answering the
question: “What makes architecture visualization effective?” The following section will discuss some of the efforts to
establish reliable and valid criteria that determine the effectiveness of a proposed solution.
III. SOLUTIONS: TOOLS & TECHNIQUES
Efforts in the field of architecture visualization can be categorized in more than one way. The following is a comparative
review of existing solutions based on three taxonomies: multiplicity of view, dimensionality and metaphor. In the
following survey, these characteristics will overlap resulting in some papers being mentioned more than once under
different sections.
A Multiplicity of view.
With regards to the multiplicity of view, two schools of thoughts can be identified. On the one hand, the first school
asserts that any visualization should support multiple views of the architecture at different levels of detail in order to
satisfy the audience’s different interests [18, 21, 22]. That is, for the visualization to be deemed useful, it has to provide a
means of looking at the different aspects of a software architecture through different views, and possibly via multiple
windows. For instance, if one view provides an insight into the internal structure of software entities composing the
architecture, another view should, on a higher level, focus on the relationships and communication between these entities.
The other school of thought; on the other hand, believes that a carefully designed single view of the visualization might
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be more effective and meaningful in conveying the multiple aspects of the architecture than the multiple view approach
[10, 14]. For example, the tool can provide different levels of detail in a single view (e.g. internal structures of entities
along with the relationships between them) and leave it up to the viewers to draw their own mental maps at the level of
interest to them.
1)

Multiple-view visualization:

Lanza et al. [23, 24] introduced a software visualization tool called CodeCrawler (CC). Through a 2D visualization of
reverse-engineered object oriented software systems, CC offers the advantage of having multiple views of the same
architecture. The multiplicity of views aims to uncover the different aspects of the architectural design and emphasize
specific metrics in the software system. In general, CC represents the architecture in a polymeric view in which entities
(classes, methods … etc) are represented as nodes and relationships as edges connecting these nodes. The node’s size,
position and color are used to represent the metrics of interest in the software system. There are four different views that
CC has to offer: 1) coarse-grained view by which the system complexity is emphasized, 2) finegrained view which
hierarchically represents the class blueprint in the architecture, 3) coupling view which, as the name suggests,
underscores coupling amongst modules in the architecture, and 4) evolutionary view which helps track changes of the
architecture over time. Figure 2 shows the four different views. Lanza et al.
explain, in great detail, the algorithm followed to layout the class blueprint visualization in a separate paper [25].

Figure 2 - Four different views for the software architecture
by Lanza et al. [23, 24]

IV.

TRENDS

In this paper, the main focus of our literature review was research efforts in the last few years. It is indeed difficult to
make conclusions about trends in the discipline of software architecture visualization without also looking at research
efforts in the last two decades. This is because the incremental advancements in this field, as you might have noticed
from the previous sections, are not significant enough to notice revolutionary changes in a short period of time. Actually,
some works are too similar to be able to tell what the significance of the latter work is. For example, in 2007, the
“habitability” or the “city” metaphor has been a repeatedly proposed visualization metaphor with very small incremental
enhancements [10, 11, 35]. For these reasons, the reader is asked to keep in mind, when reading the analysis in this
section, that little context has been considered before the year 2001. The plot in Figure 2 shows some of the papers in the
architecture visualization over a 7 year period. The x-axis represents the years whereas the y-axis indicates the references
to these works in our paper. A box can be either white (2D), grey (3D) or black (VE). A dotted frame indicates multipleview whereas a connected frame indicates single-view. Each box contains either the letter “A” for abstract metaphor or
“R” for real metaphor. As seen in Figure 2, the most obvious trend in software architecture visualization (SAV) is the use
of real metaphors as opposed to abstract ones. By 2005, most of the proposed efforts focused on delivering visualizations
that make use of real-life objects to represent software entities. This trend has been most probably supported by
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the advancement in graphics-related technologies (software and hardware) rather than empirical evidence of the
advantages of using a real metaphor in software visualizations. Literature lacks empirical evaluation of what the added
benefit is when utilizing a “city” metaphor for example. There have been evaluations that tested utilization of space and
other visual attributes, but none (from the set covered) touched on the cognitive aspect of the effectiveness of these real
metaphors.
Adding an extra dimension for existing 2D visualization solutions has also been a noticeable trend in recent literature. 3D
visualizations became more appealing after the advantages of 3D visualizations over 2D ones were uncovered through
practical comparisons [16]. Although in 2005, there were still some proposed 2D solutions, we can notice that in 2007,
most (if not all) of the proposed solutions consider the third dimension. This transition to 3D spaces can be deemed an
enhancement (as opposed to the previous trend of real metaphors) because of the accompanying (old and new) evidences
of what the added benefits are. Considering the third taxonomy, there is no obvious trend other than the original practice
of providing multiple views of the architecture to underscore the different design aspects. Some people did suggest that
single-view visualizations are more effective, but their argument was not backed by any experiments or empirical studies.

Figure 2 - Some papers on SAV from 2001 to 2007

V.

CONCLUSION

Software visualization is a broad topic that has increasingly been extended to cover many aspects of software engineering
and software systems. Two main conferences lead research in this area: “The ACM Symposium on Software
Visualization (SOFTVIS)” and “The IEEE International Workshop on Visualizing Software for Understanding and
Analysis (VISSOFT)”. Other conferences like SIGGRAPH and INFOVIS are also valuable venues for this discipline.
This paper talked about a specific area in software visualization concerned with visualizing software architecture. To
begin with, we defined the field and its position within the scope of software visualization. Then, we discussed the three
main axes around which all efforts in this field orbit, namely: the audience, their needs and the tools and techniques to
satisfy these needs. After that, we mentioned the attributes against which, as researchers suggested, visualization efforts
should be evaluated such as expressiveness, user interaction, visual complexity and navigation techniques.
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