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Abstract

Software visualisation is a comprehension technique
with a wide variety of applications in software
maintenance. However, current software visualisation
tools do not address the full range of sofiware
comprehension requirements. This tool demonstration
presents VANESSA: Visualisation Abstraction NEtwork
for Software Systems Analysis, which is intended to
address the shortcomings of existing tools. VANESSA is
based on the use of abstraction combined with structural
and behavioural perspectives of sofiware. The tool is
described and example analyses are presented.

1. Introduction

This tool demonstration describes and demonstrates
VANESSA: Visualisation Abstraction NEtwork for
Software Systems Analysis. Software visualisation is the
process of modelling software systems for comprehension
[12]. The comprehension of software systems both during
and after development is a crucial component of the
software process [14]. The complex interactions inherent
in the object-oriented paradigm make visualisation a
particularly  appropriate comprehension  technique.
Software visualisation is therefore a useful technique in
object-oriented software maintenance. The large volume
of information typically generated during visualisation
necessitates tool support.

A recent study by the author revealed that current
visualisation tools address only specific software
comprehension and reverse engineering issues [8]. The
results of this study suggest that in order to address the
full range of software comprehension and reverse
engineering tasks, it is necessary to support a combination
of abstraction and structural and behavioural information.

Previous work by the author has proposed a model that
implements this approach [9, 10, 11]. It is reasonable to
expect that a tool implementing this model would be
useful in real world software maintenance. The aim of this
research is to improve the effectiveness of visualisation
techniques for large-scale software understanding. The
motivation for this work was the lack of a unified model
for software visualisation that allows the analyst to move

conveniently between abstraction levels. The motivation
in building VANESSA was to demonstrate the feasibility
of the model, and to allow a rigorous evaluation of the
model using real software systems to be performed.

2. Tool description

2.1. The underlying model

VANESSA implements a two-dimensional model
consisting of abstraction levels and facets. The first
dimension of the model consists of a hierarchy of
abstraction levels from microscopic (intra-class) to
macroscopic (business level). This arrangement allows
the analyst to explore the software system at the level(s)
of abstraction appropriate to the comprehension task they
are undertaking.

The second dimension of the model consists of a
number of facets [5], each representing a fundamental
aspect of the system, such as structure or behaviour. The
use of interrelated facets allows the analyst to examine the
structure or behaviour of the software system individually
or in combination, allowing them to focus the
visualisation on the information appropriate to their
query. Each abstraction level of each facet is a view.

The advantages of the integrated approach to
visualisation taken in this model are that it provides a
unified model that addresses all software comprehension
requirements, and fills in any gaps left by individual tools.
The model defines the visualisation space of the full range
of comprehension requirements, and enables reasoning
about and navigation between visualisations. As an
example, an instantiation of the behaviour hierarchy is
illustrated graphically in Figure 1 for part of the
JHotDraw object-oriented framework [6].

2.1.1. Abstraction relationships

Fundamental to the model is the definition of
abstraction relationships between the model views. These
abstractions allow software visualisations to be related
and manipulated. Such an integrated arrangement is
preferable to an ad hoc approach as it allows software
visualisations to be reasoned about in a coordinated and



correct manner. This approach addresses directly the
fundamental issue of having to make use of a number of
the current software visualisation tools to address the full
range of comprehension requirements as such tools focus
only on specific sub-problems of comprehension.
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Figure 1. An example instantiation of the behaviour
hierarchy

Abstraction operations are defined between each of the
views in the model. These operations define the relative
abstraction level of each view (i.e. that one view is more
abstract than another), and define the transformations
between views. Figure 2 presents the abstraction
hierarchies implemented in VANESSA in the form of an
abstraction network that illustrates these operations. The
more abstract representation (the arc target) is derived
from the less abstract base representation (the arc source)
by applying the transformation indicated by the arc label.
The three abstraction mechanisms used in the network
are:

e abstraction by reduction (RED);

e abstraction by induction (IND); and

e partial systems morphism (PSM).
Fishwick [2] describes these mechanisms and presents
examples in the context of a simulation of the dining
philosophers problem.

In order to perform these abstractions, a set of
mappings is defined between each view. When applying
the mappings to a specific system, most mappings are
generated automatically, while one or two may require
knowledge of the system and its domain. In both
hierarchies, the mappings between levels 01, 0-2, 1-2,
and 3-4 are generated entirely automatically. The
mappings between levels 2-3 can be generated
automatically for some systems (e.g. based on source
code naming conventions), but can also be produced
using analyst knowledge of the system and domain. The
mappings between levels 3-5 cannot be generated
automatically and require input from the analyst.
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Figure 2. An abstraction network illustrating the
relationships between the views

2.1.2. View combination

The rigorous definition of the abstraction mappings
enables information from multiple views to be combined.
Most CASE and software visualisation tools do not
support this flexibility. View combination is useful for
determining the low-level artefacts that correspond to
high level system properties, and for focusing analyses.
For example, an analyst may wish to examine the class
structure responsible for some behaviour observed at the
business level. The combination of level 2 structural and
level 5 behavioural information would allow them to
investigate this. The three possible scenarios for
combining information are:

1. from the same level of each hierarchy;
2. from different levels of the same hierarchy; and
3. from different levels of each hierarchy.



View combination in VANESSA is demonstrated in
Section 3.

2.2. Tool implementation

VANESSA is implemented in Java (J2SE 5.0) and
analyses Java systems. Structural information is extracted
statically from the program code. VANESSA first
converts the source code to XML using BeautylJ [4], then
manipulates the XML representation by means of an
XSLT stylesheet using Xalan [1] to generate basic (‘level
0’) structure information. Behavioural information is
extracted dynamically by generating an event trace.
VANESSA incorporates a custom-built JPDA-based
tracing utility implemented using JDI [13]. The trace
generated contains the level 0 information for the
behaviour hierarchy.

The next stage is to parse the generated level 0
information to produce level 1 and level 2 information.
Once this process is completed, the abstraction mappings
are applied to generate the higher-level views and the
relationships between them. Expert mappings are read
from text files if available. The ten views comprising the
model hierarchies can now be output to files. The user can
also specify any combination of views to be generated, as
specified in Section 2.1.2. dot format [3] is currently used
for output, though the generic nature of the model
implementation allows any output format to be
conveniently plugged in, such as UML. The output can
now be viewed using a viewer such as dotty [7]. All
aspects of the analysis occur in real time. The analysis
process is illustrated in Figure 3.

Java source code Java bytecode

. VANESSA W
Tracer Key
\ &9 Control
BeautyJ s ;\ —
b - el 0 behaviour Data
\\4— Parser \/ information |:>
e <::] i‘ External file

]

XMLised source code

Expert
mappings | Intemal data

=l

Combination engine

ﬁ

External tool

Output writer

‘\4_ o — 95

=

Processing
component

Level 0 structure infofmation dot output dotty

J=\

Figure 3. The VANESSA analysis process

3. Example analyses

This section demonstrates a number of example
analyses of JHotDraw to illustrate the capabilities of
VANESSA and the underlying model. Section 2.1.2
described the combination of views in the model. This
section presents an example of each type of combination.
This serves to illustrate both a selection of the basic views
and the possible types of combination. In the following
figures, less abstract entities are depicted nested within
more abstract entities.

An example application of combining information
from the same level of each hierarchy is to produce a
unified visualisation of the structural and behavioural
characteristics of the system, for example at the
component level. This is accomplished in VANESSA by
combining the level 3 views from the Structure and
Behaviour hierarchies. Part of the result is illustrated in

Figure 4.
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Figure 4. Combining views from the same level of
each hierarchy. Solid arcs denote usage; dashed
arcs denote dependency
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Figure 5. Combining views from different levels of
the same hierarchy. Arcs between components
denote usage; arcs between business entities
denote business rules
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An example application of combining information
from different levels of the same hierarchy is to reveal the
lower-level interactions responsible for the system’s high-
level behaviour, such as the inter-component interactions
responsible for some business level behaviour. This is



accomplished in VANESSA by combining the level 3 and
level 5 views from the Behaviour hierarchy. Part of the
result is illustrated in Figure 5.

An example application of combining information
from different levels of each hierarchy is to investigate
the structural elements responsible for some high-level
behaviour, such as the inter-class relationships
responsible for some component level behaviour. This is
accomplished in VANESSA by combining the level 2
view from the Structure hierarchy and the level 5 view
from the Behaviour hierarchy. Part of the result is
illustrated in Figure 6.
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Figure 6. Combining views from different levels of
each hierarchy. Between classes: solid arcs denote
association; dashed arcs denote extension; dotted
arcs denote inheritance. Between components: arcs

denote usage

4. Summary

This tool demonstration has described VANESSA:
Visualisation Abstraction NEtwork for Software Systems
Analysis. This tool combines abstraction with structural
and behavioural perspectives to address the full range of
software comprehension requirements. Examples of the
analyses possible with VANESSA were also presented.

VANESSA is currently a research prototype, and a
number of enhancements remain to be implemented. In
particular, it is planned to investigate how well
VANESSA copes with larger systems, better interaction
with the output, output to other formats such as UML, and
combinations of more than two views.

VANESSA was created to demonstrate the feasibility
of the visualisation model, and to allow a rigorous
evaluation of the model to be performed. Having
demonstrated the feasibility of the approach, the focus of

future work will be on evaluating the effectiveness of the
model in supporting software comprehension. The
evaluation will employ a range of system types, and will
make use of typical software comprehension tasks, as in
previous work by the author [8, 10]. This will allow the
effectiveness of the proposed visualisation model in

supporting large-scale, real world software
comprehension for maintenance to be assessed.
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