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Abstract
We need tools and new ways to visualize our software execution
traces and to deploy and integrate the visualizations into users’
environments. We are currently implementing existing information
visualization 3D metaphors using X3D to visualize our execution
traces, however most of these metaphors are principly node-link
diagrams or graph structures and are not easy to interpret nor
understand. We want to use real world metaphors which users
can easily relate to, such as a 3D city metaphor. One tool for
implementing the 3D city metaphor could be the open source X3D-
Earth application. In this paper we list the requirements for an
X3D-Earth application which could be used for visualizations of
static and dynamic information of software.

Keywords Software Visualization, Execution Traces, X3D-Earth

1. Introduction
Software visualization [19] is the use of the crafts of typogra-
phy, graphic design, animation, and cinematography with modern
human-computer interaction and computer graphics technology to
facilitate both the human understanding and effective use of com-
puter software. We are interested in visualizing the static and dy-
namic information of software.

The mapping of static and dynamic information to an image is
defined through a metaphor which specifies the type of visualiza-
tion. We are currently evaluating the effectiveness of X3D in the
software visualization pipeline by implementing existing informa-
tion visualization 3D metaphors such as information landscapes [1]
and information cubes [15].

Eick [7] claims that the information visualization resarch chal-
lenge is how to invent new visual metaphors for presenting in-
formation and developing ways to manipulate these metaphors to
make sense of the information. The information landscape and in-
formation cube are essentially node-link diagrams or graph struc-
tures which use geometric shapes. These kind of graph metaphors
are not intuitive to interpret and users must learn the semantics of
them in order to understand the information the visualization is dis-
playing. Hence we would like to investigate using metaphors from
the real world where users already have an understanding of how
to manipulate the metaphor and make sense of the information.
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We propose to use a 3D city metaphor for visualizing software.
One tool for implementing the 3D city metaphor could be the open
source X3D-Earth application. Using the X3D-Earth engine in the
software visualization pipeline will enable developers to create 3D
web visualizations of software in a much easier manner. The aim
of this paper is to document the requirements for an X3D-Earth
application for use in software visualization.

This rest of the paper is organised as follows. In section 2 we
look at the software visualization pipeline and implementations
of existing node-link 3D visualizations in X3D. In section 3 we
list our requirements for an X3D-Earth application. In section 4
we mention related work and in section 5 we discuss possible
companies that may be interested in contributing to an X3D-Earth
project. We conclude our ideas in section 6.

2. X3D in the Software Visualization Pipeline
For the software visualization pipeline we have created the Visu-
alisation Architecture for REuse (VARE) [13]. VARE is designed
for web-based visualizations of remotely executing object-oriented
software. VARE is a client-server architecture. Essentially a user
selects a software component and then uses an engine to test drive 1

the component. The engine generates an execution trace as output
which contains all information required to describe a program ex-
ecution such as the order of object creation, method invocations,
field accesses, and field modifications. The execution trace is then
used as input to a transformer to be transformed into a visualization.

We have built a number of tools based on the VARE architecture
that test drive C++ [13] and Java [11] programs, map the outputs
to XML execution traces [12, 3], and then transform the execu-
tion traces into SVG [6] and X3D [2] visualizations using XSLT.
Figure 1 summarizes how we use XML in the software visualiza-
tion pipeline. We now elaborate on some of the visualizations we
have created in X3D using existing 3D information visualization
metaphors.

Figure 2 shows the layout of all the events from an execution
trace of a Java program as an information landscape. The infor-
mation landscape is essentially 2 1/2 D rather than 3D. A red box
represents the main class, blue spheres object creation, green boxes
as method calls, white cones as method returns and end of the ob-
ject. The image starts at the red box and is animated from right to
left.

Figure 3 shows the same information as Figure 2 but displayed
as an information cube. The information starts with the main
method red box, followed by the first object creation blue sphere at
the top of the cube then continuing along the links to each of the
object creation blue spheres. The spheres are transparent and the
events that an object executes are encompassed within the sphere,
i.e. method calls, method returns and end of an object.

1 Test driving is defined as specifying a sequence of method invocation and
field access/modifications and then executing the sequence on a component.



Figure 1. XML in the software visualization pipeline

Figure 2. Information Landscape

Figure 3. Information Cube

We are continuing to implement other 3D metaphors such as
cone trees [16] and compound treemaps [5]. However most of these
3D metaphors are simply node-link diagrams or graph structures
and are not easy to understand or interpret. We are interested in
exploring alternative real world metaphors where users already
have an understanding of how to manipulate the metaphor and
make sense of the information. We next look at visualizing software
using a 3D city metaphor.

3. 3D City Metaphor for Visualizing Software
Most node-link diagrams and graph structures do not have an in-
tuitive interpretation and users must learn the semantics of them in
order to understand the visualization. We believe visualizing soft-
ware as a 3D city metaphor may improve a users’ understanding of
software over other 3D information visualization metaphors. The
3D city metaphor is a natural (real world) metaphor where users
already understand and know how to use their perceptual and spa-
tial skills. We will not be able to determine if a 3D city metaphor is
actually better than other metaphors for visualizing software until
extensive usability studies are conducted. However the purpose of
our research is to evaluate the effectiveness of X3D in the software
visualization pipeline by implementing existing 3D information vi-
sualization metaphors.

One tool for implementing the 3D city metaphor could be X3D-
Earth. We now list the requirements for an X3D-Earth application
to visualize software based on previous X3D software visualization
experience.

One of the requirements of our visualization architecture is that
it be in a distributed network. Our main focus is for our tools to
be web enabled, so X3D-Earth must be able to be viewed in a
web browser. We want to be able to transform our XML execution
traces into X3D-Earth files, so providing tools or stylesheets for
this transformation process would be essential.

For navigation within X3D-Earth we need to at least provide
the basic X3D navigation options of walk, slide, examine, fly,
pan, and look-at a node. Since it is a 3D world we want to go
inside buildings, vehicles, walk on land, and dive under the sea.
Essentially any way a human can navigate in the real world we
would like to be able to replicate in X3D-Earth.

For static information we want to be able to represent packages,
classes, fields, objects, method calls, method returns, field access,
and field modifications in a software visualization. An example way
to represent these items in an X3D-Earth visualization would be to
map countries as packages, cities as classes, buildings as methods,
fields as levels in a building, and roads that link cities. The layout
of the countries and cities could show inheritance hierarchies based
on the capital city and population demographics and clustering of
cities could show coupling between classes.

For dynamic information vehicles could be used to travel
through oceans, rivers, over roads to show the interactions between
objects. When many vehicles are moving at once this could repre-
sent high communication amongst certain objects and show difer-
ent threads of control. When vehicles colide or bridges collapse
sounds or animations could be played to represent when an error
or exception has occured in a program. Displaying natural dis-
asters such as earthquakes or volcanoes erupting could represent
programs crashing.

There are various tasks [18] that we would like to be able to do
in X3D-Earth. We want to be able to create an overview of the earth
and view the countries (packages) that exist. We want to have func-
tions for zooming in or filtering out countries, cities or buildings
of interest. When viewing a certain aspect in the 3D world such
as a country or city we would like to provide details-on-demand.
This could include clicking on a country (package) and then seeing
the list of cities/towns (classes) that exist or even the names of pa-



rameters that are passed to a method. We would like to be able to
show relationships amongst packages and classes which could be
represented as all the countries in the commonwealth for a certain
application or sister cities to represent classes that communicate
with each other from different packages. When viewing or explor-
ing X3D-Earth we would like to be able to keep a history of the
paths that a user or visualization has taken and to save viewpoints
of interest. This could include the animation of vehicles moving
between cities to show different threads of a program. Finally we
would like to be able to extract information which would be rel-
evant for offline viewing or storing for later retrieval. Extracting
sub collections of X3D-Earth files could show how software (coun-
tries/cities) evolves over time.

4. Related Work
We are interested in visualizing software using a 3D City metaphor
and implemented with X3D-Earth. Some researchers have also
explored using the 3D city metaphor. Knight and Munro [9] created
a source code comprehension tool – Software World – within a
desktop virtual reality system using C code, see Figure 4. They
also created a software component visualization tool – Component
City – using XML and VRML [4]. Both of these systems list a
set of mappings from real world ideas to software abstract ideas.
However Neither Software World nor Component City addresses
dynamic information from code or components. Panas et al. [14]
have created a 3D city for software production visualization using
3D Studio Max and they intend to create a city using OpenGL4Java,
see Figure 5.

Figure 4. Software World [9]

Figure 5. 3D city metaphor for software production visuliza-
tion [14]

Santos et al. [17] have used VRML for mapping information
information onto 3D virtual worlds that convey network data for
network monitoring and management, see Figure 6. Kot et al. [10]
have used a 3D game metaphor that uses Doom3D for a source code
comprehension tool, see Figure 7. Finally Irwin and Churcher [8]
have also used XML in the visualization pipeline to produce VRML
visualizations to display metrics of object-oriented software.

Figure 6. Example of the city metaphor for network data visual-
ization [17]

Figure 7. Source code comprehension tool that uses Doom3D [10]

5. Discussion
In New Zealand there are number of companies working on 3D
mapping technolgies that the Web3D consortium could have poten-
tial strategic partnerships with. Some of these companies are now
listed.

Terralink International provides Geographic Information Sys-
tems (GIS) and mapping solutions. Terralink was once owned by
the New Zealand Government but has since been privatised in 2001.
Animation Research Holdings Ltd, a New Zealand company recog-
nised globally for its innovative 3D animation achievements is an
80% shareholder. Terralink provides all the information for map
publications in New Zealand and have various web applications
to view this data. Terralink recently provided a tertiary education
grant to a masters student in the School of Architecture and De-
sign at Victoria University for a 3D, interactive, web enabled, mul-
tilayered model of Wellington City. The scholarship is valued at



($15000 NZD). The recipient is currently using Google Earth as an
engine to display urban environments.

MetService provides weather and information presentation ser-
vices to customers around the world. It has produced Weatherscape
XT, which is the world’s permier weather graphics system used
by leading broadcasters such as BBC News, BBC World, Nine
Network Australia, TG4 Ireland and international CNBC stations.
Weatherscape XT uses 3D rendering technology, 3D graphics an-
imation, computer technology and meteorological science to pro-
vide an automated weather presentation and production system.

ProjectX Technology is an international online map services
company. They are a startup company and have existed since July
2005. They have developed two very useful tools to make online
mapping easy. The first is ZoomIn Mapping System which is a
toolkit that uses Ruby On Rails and can visualize your location
based data. The second uses this system and is called ZoomIn.
ZoomIn is a local search website for Australia and New Zealand.
ZoomIn allows you to locate addresses, find businesses or services
and interesting places you have never heard about or seen.

6. Conclusion
Our research focuses on evaluating the effectiveness of X3D in
the software visualization pipeline. We are building tools that can
produce X3D visualizations from execution traces over the web
and have implemented some existing 3D information visualization
metaphors. These metaphors are mainly node-link diagrams or
graph structures and are not easy to interpret nor understand. We
propose to use a real world metaphor such as the 3D city metaphor
which users already relate to. One tool for implementing the 3D
city metaphor could be the open source X3D-Earth application. In
this paper we have listed some of the requirements for an X3D-
Earth application that could support visualizations of static and
dynamic information of software.
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